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1. Introduction 
Dur ing t h e past several years w e have been engaged in t h e s tudy of 

t h e a rgen t i fe rous ga lena deposits of t h e Bel lerophon format ion . Our main 
resul ts a r e included in this paper , whi le a m o r e detai led pape r is in pre-
para t ion . 

T h e r e a r e t w o ma in hypotheses on t h e origin of these deposits: 
a magma t i c -hyd ro the rma l genesis, wi th metasomat ic rep lacement of a 
sed imenta ry m a t r i x (P o š e p n y , 1880; A n d r e a t t a , 1949; di C o 1 -
b e r t a l d o - N a r d i n , 1964; M o r t e a n i , 1965); and a sed imenta ry 
genesis, p robab ly exha la t ive-sed imenta ry ( C a n a v a l , 1912; T r e n e r , 
1914; T o r n q u i s t , 1931; M u n c h , 1958; M a u c h e r , 1959). For 
t h e diseussion of t h e l i t e r a tu re w e r e f e r t o a p a p e r by D e s s a u and 
P e r n a (1968). 

2. The geological background 

In the Bolzano a rea t h e "Bozen porphyr i c p la t fo rm" , a complex series 
of acid ex t rus ive rocks of P e r m i a n age**, rests on t h e crystal l ine basement 
and reaches a thickness of over 2000 metres . At increasing distances f r o m 
t h e cen t re t h e thickness decreases, as it is evident f r o m t h e isopach m a p 
( B a c c o s , B r o n d i , P e r n a , 1971; f r o m this pape r Fig. 1 is re^-
produced). 

T h e sed imen ta ry series, which lies upon t h e "Bozen po rphyr i c p la t -
fo rm" , begins wi th t h e "Grodener sandstone" (Middle Permian) , which 
has a g rea te r a rea and its m a x i m u m thickness in t h e Jud ica r i an Alps to 
t h e SW, and in Carnia to the east. Ano the r a rea w h e r e it a t ta ins a great 
thickness is a t t h e cen t re of t h e Po rphy r i c p la t fo rm, w h e r e it is depressed 
because of volcano-tectonic collapse ( B a c c o s , B r o n d i , P e r n a , 
1971; Fig. 1). 

* Research carried out with the financial assistance of the Italian Council 
of Scientific Research and of the Autonomous Region Trentino-Alto Adige, and 
of the Laboratory of Isotopic Geology, University of Utah, Salt Lake City, Utah. 

** In the following, for the sake of brevity, often called "Porphyric plat-
form", "porphyric rocks" or "Porphyries". 



The Continental and deltaic sur roundings , in which t h e Grodener sand-
stone was deposited, change t o a pa r t ly lagoonal and pa r t ly shallow 
m a r i n e env i ronmen t wi th t h e Bel lerophon fo rmat ion (Isopach and ore 
deposit map , Fig. 2). It reaches its greates t thickness in Carnia , w h e r e it 
is possible to dis t inguish ( S e l l i , 1963) t h r ee complexes: t h e lower one 
composed of gypsum, argillite, marl , ma r ly breccia, cel lular dolomite; 
t h e midd le one mainly of cellular ma r ly breccia w i th dolomitic cement 
and of cellular dolomite wi th in tercala ted mar ly beds; and t h e upper 
one >of da rk grey, slightly b i tuminous , well s t ra t i f ied l imestone. The 
thickness decreases wes tward , w h e r e it changes to t h e so-called "Badiota 
facies" ( A c c o r d i , 1958, 1959), composed in its lower p a r t of mar l 
and gyps i ferous sandstone, whereas its uppe r pa r t is of ner i t ic facies, wi th 
beds of b i tuminous limestone, mar l , and da rk grey l imestone. 

Towards its wes te rn end, w h e r e its thickness is decreasing gradual ly 
to nil, t h e Bel lerophon fo rmat ion is of "F iemmazza facies": above the 
cellular dolomite and t h e gyps i ferous sands tone of the lower complex, 
t h e r e a r e thick layers of calcareous dolomite with beds of oolitic texture , 
deposited in a lagoonal-evapori t ic envi ronment , as conf i rmed by small 
lenses of gypsum and t iny id iomorphous quar tz crystals. 

This description, d r a w n main ly f r o m t h e geological l i te ra ture , is very 
m u c h generalized. The re a r e obviously var iet ies and exceptions, as can 
b e expected in t h e čase of Continental, lagoonal and shal low sea sediments, 
t ransgress ive over a cont inent of s t rong relief. In Chap te r 4 w e shall 
describe in detai l a local series of reduced thickness, belonging to the 
"Fiemmazza facies". 

3. The ore deposits 
Within t h e boundar ies of Italy, r a r e and insignif icant mine ra l occur-

rences a r e k n o w n also1 in places whe re t h e Bel lerophon fo rma t ion has 
considerable thickness. Bu t t h e two areas of ma in interes t , as t h e seat of 
impor t an t min ing in t h e past and of recent explora tory activity, a r e those 
nor th -eas t of Tren to (Monte Calisio a n d Lavis) and of t h e u p p e r Val di 
Non, n e a r P roves and Marcena, w h e r e t h e Bel lerophon format ion , in 
"F iemmazza facies", has a th ickness of not m o r e t h a n 50 me t r e s (Fig. 2). 
In Slovenia, mineral izat ion is evident wi th in t h e Bel lerophon format ion , 
and f r o m t h e l imited b ib l iography w e had at our disposal, w e es t imate 
tha t t h e paleogeographic s i tuat ion m a y be similar t o t ha t prevai l ing in 
t h e T r e n t o area. 

The I ta l ian deposits h a v e been exploi ted fo r a rgen t i fe rous galena, 
which is accompanied by chalcopyri te , py r i t e and marcasi te , p robably 
As-rich fahlerz, ali ve ry scarce. T h e sphaler i te is a lways anhedra l and 
sometimes shows concret ionary tex tures . It is character ized by a very 
low iron content , as revealed by t h e l ight-coloured in te rna l re f lexes and 
by t h e spect rographic analyses. A sulphosal t is found in t r a ce amounts , 
most p robab ly a lead su lphoant imoni te , as conf i rmed by t h e optical 
character is t ics and by t h e t race e lements detected w h e n analyzing t h e 
galena. Only at Transacqua is a sulphosal t impor tan t , which has been 



Fig. 1. Isopachs of the "Grodener sandstone" and of its mineral deposits 



tenta t ive ly classified by us (D e s s a u and P e r n a , 1968) as belonging 
to t h e Bou langer i t e -Fa lkmani t e group. 

Our spect rographic analyses for t r ace e lements h a v e shown t h a t on 
t h e average t h e galenas contain 800 p p m of Ag, t races of Ni, a charac-
terist ic and a lways present pe rcen tage of an t imony of abou t 3000 ppm, 
and As vary ing be tween t races and a f e w hundreds of ppm. Sn is present 
only in small traces, and Bi and Co are absent . Less mean ing fu l a r e our 
f e w analyses of sphaleri tes; n o t e w o r t h y is t h e low content of Cd, of ten 
below 1000 ppm. 

We have not obta ined the ex t remely high measuremen t s in silver, up to 
10 and even'19 kg in a met r ic ton of lead, ment ioned in ali previous l i tera ture , 
and which cer ta inly re fe r to local supergene enr ichment . Nei ther a re we 
able to specify which is the "silver bea re r " in t h e galena we examined and 
which, as a l ready stated, is not very h igh in silver. 

The isotopic composition of t h e s u l p h u r of galena, sphaler i te and pyr i te 
is normal ly character ized by low posit ive values of <5S84, averaging about 
+ 2,5 %o, but wi th occasional abe r r an t values. Some per iphera l deposits, 
however , exhibi t nega t ive and s t rongly var iab le values, be tween —0,10 
and —13 %o. Ba r i t e and gypsum show st rongly posi t ive values, between 
+ 9 and +14%o. 

For t h e sake of comparison, isotopic analyses have been done on the 
sulphides of the h y d r o t h e r m a l ore veins wi th in the Po rphy r i c p la t form, 
and of t h e "Tregiovo slates". The l a t t e r a r e fa in t ly mineral ized wi th 
galena and spha ler i te and represen t a lacus t r ine episode in te r layered 
wi th t h e Upper volcanic complex of t h e p la t form. The values of <5S34 for 
the sulphides of t h e ore veins of Q u a d r a t e and Nogare are very near 
to +5,5%o, whereas the sulphides of t h e Tregiovo slates a re s t rongly 
variable. 

T h e ores of the Bellerophon fo rmat ion general ly a re devoid of any 
gangue, w i th the exception of bar i te , which is somet imes present . Only in 
t h e Monte Calisio a rea and at Transacqua is bar i t e a b u n d a n t and 
general ly crystall ized in grea t blades. It has been exploited in the past. 
At Transacqua s ider i te is abundan t . 

T h e sulphide^bear ing ročk is a calcareous dolomite. In this section the 
more or less id iomorphic gra ins of dolomite vi th t h e space be tween them 
occupied by calcite can be noticed. Fe r r i f e rous carbonates and sparse 
large oolites are present . 

As f a r as t h e small-scale t ex tu res a r e concerned, t h e ga lena occurs 
in clouds of small grains disseminated in t h e calcareous-dolomitic ročk, 

Fig. 2. Map of isopachs of the Bellerophon formation and of its ore deposits 

Explanation of Figure 2 
Val di Non: 1 Rio del Bavaro , 2 Marcena , 3 P r o v e s and Lauregno , 4 Forcel la di Brez 
Lavis : 5 Maso Fur l i 
Monte Corona : 6 Faedo, 7 Masen 
Monte Calisio: S Agli Ort i and Maso Sarac ino , 9 Doss del le Grave , Santa Colomba and 

Monte P iano 
Other a reas : 10 Roncogno, 11 Povo and Villazzano, 12 T r a n s a c q u a and Valle Uneda , 

13 Passo di Oeclini (?), 14 Ort isei (?), 15 Telpei t e Pieeolino, 16 Montauro , 17 Calalzo 
(?), 18 Passo Maur ia , 19 Val Bartolo , 20 Passo del Zovo (?), 21 S. Lucia 





and in t iny cross-cut t ing veins. Typical rep lacement t ex tu res a r e evident. 
Relat ively big expanses of ga lena have completely replaced t h e host ročk, 
wi th t h e except ion of small id iomorphic quar tz grains, which a re now 
completely su r rounded by ore. E l sewhere some of the concentric layers 
of t h e oolites h a v e been selectively replaced by sphaler i te and galena 
(Fig. 3). Somet imes t h e sphaler i te appears to be def in i te ly subsequent 
to the galena. Supe rgene minera l s a re present in traces. 

Microscopic s tudies on the ores of t h e Bellerophon fo rmat ion have 
been publ ished by M u n c h (1958), M a u c h e r (1959) and d i C o l -
b e r t a l d o > and N a r d i n (1964); according to the la t te r the sphaler i te 
is of marma t i t i c type. 

In the r a r e outcrops, almost a lways wi thou t economic interest , whe re 
the Bel lerophon fo rmat ion rests on t h e phvll i tes of t h e basement , copper 
ores seem compara t ive ly more abundan t . 

4. The ore deposit of Lavis 

A description of an area recent ly explored, nea r Lavis 9 k m south of 
Trento, provides a be t te r unde r s t and ing of t h e character is t ic f ea tu res of 
the ore deposits wi th in the Bel lerophon format ion. At Lavis, t he Societa 

Fig. 3. Maso Furli (Lavis) — Polished section, polarizer only, 100 X. Great area 
of galena (partly altered to cerussite) which replaces the carbonatic ročk. The 
galena is locally idiomorphic and rimmed by sphalerite. Carbonatic oolites are 

partly or wholly replaced by galena and sphalerite 



Fig. 4. Monte Rosa — Conglomerate of porphyric gravel cemented by iron-bearing 
dolomite, and transgressive on the Bellerophon formation 

Minerar ia e Metal lurgica di Per tusola has carr ied out, dur ing the years 
1967 and 1968, a detai led geological &urvey, fol lowed by a dril l ing p rog ram 
(14 holes wi th cont inuous coring and 27 wi th recovery of the cuttings), 
and f inal ly by an ore-dressing test on 200 tons of mater ia l . Unfo r tuna t e ly 
the low reserves have prevented f u r t h e r developments . 

At ten t ion had been d r a w n to this area by an outcrop of Bel lerophon 
format ion , car ry ing galena and sphaler i te , on the eas tern f l ank of t h e 
small hill of Maso Furli . This area corresponds t o a paleogeographic high. 
disclosed by t h e th inn ing of ali Permo-Triass ic sediments f r o m the t r ans -
gression sur face upwards . 

The leading hypothesis has indeed been tha t the metall ic ions found 
in t h e Bel lerophon fo rmat ion or iginated f r o m the degradat ion of t h e 
volcanics of the Porphyr ic p l a t fo rm; thus the area of Lawis, placed on 
the border of a bur ied hill of these volcanic rocks, should have been 
specially f avourab l e to the deposit ion of ore-bodies of economic interest . 

In this a rea the Bel lerophon fo rmat ion crops out along a belt s t r ik ing 
NNE—SSW and dips in a WNW-direc t ion belov the Wer fen ian s t rata , 
which a re discontinuously covered by fluvioglacial deposits. Immedia te ly 
to the east, t h e quar tz porphyr ies crop out. 

We consider of impor tance in r egard to t h e genesis: 
1. The absence of the Grodener sandstone. 
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Fig. 5. Geological sketch map of the Lavis area 

Explanation of Figures 5, 5a, and 5b 
1 W e r f e n i a n 
2 Be l le rophon f o r m a t i o n 

2a Conglomera te of p o r p h y r y pebbles wi th foss i l i fe rous do lomi t i c - f e r rug inous cement 
3 " G r o d e n e r s a n d s t o n e " 
4 Quar tz p o r p h y r i e s 
5 Ore body 
S Cored bo re holes 

2. The local appea rance of a conglomera te just below the Bellerophon 
format ion , which in its p rox imi ty contains bari te . T h e conglomerate is 
composed of coarse (1 -i- 50 cm) rounded p o r p h y r y gravel, cemented by an 
i ron-bear ing dolomite (Fig. 4) conta ining f r a g m e n t s of lamell ibranchs*. 

3. T h e t ransgress ion of the Werfen ian , immedia te ly to the nor th , di-
rect ly over t h e Porphyr i e s (Figs. 5, 5a and 5b. 

4. The presence, in the Maso^ Fur l i hill, of t abu la r blocks of po rphy ry 
bur ied in t h e Bellerophon fo rmat ion (Fig. 6). 

* Further to the north-east, on the western slope of Monte Rosa, there is 
another outcrop of porphyric conglomerate, which however must be of Wer-
fenian age, on account of the presence in the cement of Holopella gracilior. 
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Fig. 5a. Geological section NW—SE of the Lavfs area 
Please see t h e explana t ion on t h e opposi te page 

Fig. 5b. Geological section N—S of the Lavis area 
Please see t h e explana t ion on t h e opposi te page 



Ali these facts, toge ther wi th t h e presence of NW—SE st r ik ing faults*, 
suggest a complex pa leogeography fo rmed by the in te r fe rence of two 
s t ructures , viz.: 

1. A ma in s t ructure , s t r ik ing NNE—SSW, has given rise, dur ing the 
deposition of Bel lerophon fo rmat ion and Werfenian , t o a cliff on t h e edge 
of the volcanic rocks to' t he east. Blocks f r o m this cliff, fa l l ing into' t he sea, 
we re then embedded in t h e Bel lerophon format ion . 

2. A secondary order of s t ructures , s t r ik ing NW—SE, man i fes t s itself 
in t h e a l t e rna t ing raised and lowered blocks aligned t ransversa ly to1 t he 
cliff. In t h e trenches, t h e pebbles of Continental origin w e r e collecting. 
The upl i f t s were covered only at a la ter t ime by the Wer fen i an deposits. 

T h e m a n y bore-holes have provided a very detailed reconstruct ion of 
t h e pa leogeography and t h e c lar i f icat ion of the re la t ionships be tween 
the la t te r and t h e ore bodies. A bur ied posit ive s t ruc tu re has been located, 
s t r ik ing NW—SE and the re fo re paral le l to the seco<ndary s t ruc tures 
which t h e m a p p i n g had identif ied. With respect to this bur ied s t ruc ture 
it is possible t o dist inguish t h r e e d i f f e ren t facies in the Bel lerophon 
fo rmat ion (Figs. 7b and 8): 

— A b a r r e n carbonat ic-arenaceous facies, thickness 0—15 metres . 
— A main ly carbonat ic facies, ore-bearing, th ickness 17—35 metres . 
— A main ly c layey-mar ly facies, wi th only t races of ore, th ickness 

above 35 metres . 
The mine ra l deposit, composed of galena, sphaleri te , pyri te , chalco-

pyr i t e and bari te , e i ther disseminated or in th in veinlets, is a r ranged on 
both f l anks of the secondary posi t ive s t r u c t u r e s t r ik ing NW—SE (Figs. 5b 
and 7); t h e minera l occurrence gro-ws r icher in ESE direction, near ing 
t h e ma in s t ruc tu r e corresponding t o the l and-su r face to the east. 

On t h e o ther hand, no correlat ion has been noticed be tween minera l 
deposit and bur ied hill below t h e dri l l -hole 68-3. P robab ly the bur ied hill 
was an isolated fea ture , and the re fo re wit.h a l imited land-surface , as 
conf i rmed by the complete absence of det r i ta l mater ia l . Indeed the 
Wer fen ian t ransgress ion takes plače h e r e directly on t h e Porphyr ies , 
wi thou t even t h e wea ther ing crust general ly noticeable on t h e lat ter . 

T h e analyses of t h e drill ing cores have conf i rmed t h e s t rong fall of the 
si lver assays \vith dep th — 7 kg per t of lead at the outcrop of Maso 
Furl i , and 1 kg per t of lead in dril l-holes 67-1 and 68-7. This shows once 
again tha t t h e high silver assays a r e due to supergene enr ichment . 

5. The genesis of the ores 

Replacement tex tures , as noticed in polished sections of Bel lerophon 
ores, a re normal ly quoted as evidence of hyd ro the rma l origin. Bu t we do 
not consider this t e x t u r e to be a suf f ic ient proof, both on account of the 
lack of o ther evidence, and pr imar i ly because it is p robably the resul t of 
local1 migra t ions in the course of diagenesis. 

* We recall that also the Montagiu ore vein, cutting through the porphyries 
near Faedo, follows nearly the same strike (D e s s a u and D u c h i , 1970). 



Fig. 6. Maso Furli — Big tabular block of Porphyry embedded in the Bellerophon 
formation 
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Fig. 7. Isopach maps of "Grodener sandstone" (a) and Bellerophon formation (b) 
in the Lavis area 

Facies of B e l l e r o p h o n f o r m a t i o n as e n c o u n t e r e d b y t h e bo re -ho l e s : 
A C a r b o n a t i c - s a n d y fac ies , b a r r e n 
B—C M a i n l y c a r b o n a t i c fac ies , o r e - b e a r i n g 
C T r a n s i t i o n a l fac ies , o r e - b e a r i n g 
C Main ly m a r l y - c l a y e y fac ies , p r a c t i c a l l y b a r r e n 
D B e l l e r o p h o n f o r m a t i o n miss ing 

On t h e o ther hand , t h e regional spread and the s t ra t igraphic persistence 
of t h e ore-bear ing horizon a r e considered by us to be a control of a 
sed imenta ry deposition. In addit ion, t h e lagoonal, modera te ly euxinic 
envi ronment , wi th precipi tat ion of the f i r s t t e rms of t h e evapori t ic series 
(dolomite, gypsum, anhydri te) , seems f avourab le for the deposit ion of 
galena. 

Wha t has to be explained. a r e t h e sources both of the metal l ic ions 
and of t h e su lphu r of t h e sulphides. 

As f a r as t h e f i rs t a re concerned, one can assume e i ther a leaching of 
the rocks of t h e Po rphyr i c p l a t f o r m and of the i r minera l deposits, or a 
supply by the rmo-mine ra l spr ings issuing at t h e bot tom of t h e sea. 

In f a v o u r of t h e f i rs t hypothes is s tands the fact, t ha t t h e r e w e r e por-
phyr ic land-sur faces (Monte Rosa nea r Lavis and Monte Luco in the 
uppe r Val di Non) dur ing the deposit ion of t h e Bel lerophon format ion , 
and n e a r to t h e areas containing meta l minerals . Moreover t h e t race-
-e lement content and t h e 5S34 composit ion of the sulphides of the Belle-
rophon fo rmat ion show analogies w i t h t h e cor responding values 
fo r t h e sulphides of the h y d r o t h e r m a l veins in t h e Porphyri.es. We, 
however , do not a t t r i bu te too m u c h p roba t ive va lue to this control, 



because of the possibility of changes during solution transport and re-
deposition. 

In regard to the second hypothesis, t he re is an equal lack of direct 
evidence. But an exhalat ive-sedimentary origin, already suggested by 
several authors beginning wi th T r e n e r (1914) and C a n a v a l (1916), 
would be in agreement with the general characteristics of these deposits 
and especially with the isotopic composition of the sulphides. At any 
rate, such an important volcanic activity, as the Permian one in our 
area, may weTl have had a long hydrothermal "tail"; it may also be 
remembered, that in the neighbouring district of Predazzo there has been 
a resumption of volcanic activity during Triassic times. 

For the greater par t of the deposits of the Bellerophon formation 
examined, the dS34 of the ores is about + 2,5 %o, wi th small f luctuations 
of this average. This is strong evidence in favour of a direct magmatic 
origin, at least for the sulphur. 

One has, however, stili to explain the values of <5S34 of the ores of the 
upper Val di Non and of S. Lucia, values which are almost entirely 
negative, and varying over a wide range. These two features are strongly 
suggestive of a microbiological origin, through reduction of sulphates by 
sulphate reducing bacteria. The environment where the last mentioned 
deposits were formed, some distance f rom the likely center of activity of 
the submarine sulphurous springs, was probably out of their reach, and 
more favourable to the thriving of the sulphate-reducing micro-organisms, 
on account of lower temperatures and diluted solutions. 

Amongst the various hypotheses, while acknowledging the difficulty 
of a proper choice, we are in favour, as fa r as the metallic ions are con-
cemed, of an origin by meteoric leaching of the volcanic rocks of the 
Bozen Porphyric platform. Even disregarding the circumstance, that no 
feeder channels of the supposed submarine thermo-mineral springs have 
been found, we consider circumstancial evidence that metallic sulphides 
appear, even if exceptionally, in the Werfenian where, as for instance to 
the nor th of Lavis, it is transgressive over the Porphyries and in t h e same 
facies as the ore-bearing horizons of the Bellerophon formation. 

As f a r as the source of the sulphur of the ores is concerned, according 
to the present state of knowledge about sulphur isotopes, whereas in Val 
di Non and at S. Lucia it derived f rom biochemical processes, in the other 
areas it is of inorganic origin, and most probably supplied to the se-
dimentary basins by sulphurous springs. It may be noted, that such 
springs are known in the district even to-day. 

* 
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Explanation of Fig. 8 

A Carbona t i c - sandy facies , f ound nea r to the P e r m i a n 
Quar tz p o r p h y r y h ighs 

B Mainly ca rbona t i c facies , bo rde r ing fac ies " A " 

C Mainly mar ly - c l ayey facies, f ound in depressed or rap id ly subs iden t a reas 

A-l W e r f e n i a n 
A-2 Bel lerophon fo rma t ion : Sandy l imestone with detr i tal e lements (quartz and 

glauconi te) and g y p s u m veins. Sparse nodules of ba r i t e 
A-3 Red do lomi te w i th g lauconi te grains . Sparse gypsum nodules 
A-4 Cellular grey mar ly dolomite 
A-5 Light g rey dolomite conta in ing thin de t r i t a l beds wi th clastic smoky quar tz ; 

u p w a r d s the ročk g radua l ly changes to red sandy mar l 
A-6 " G r o d e n e r s a n d s t o n e " : Red sandy m a r l a l t e rna t i ng wi th th in sandy layers , g reen 

at the bo t tom 
A-7 Whi te sands tone w i th clastic s m o k y quar tz . This complex g rows micaceous and 

more g rey d o w n w a r d s 
A-S Quar tz p o r p h y r i e s 
B-l W e r f e n i a n 
B-2 Be l l e rophon f o r m a t i o n : Grey dolomit ic l imes tone wi th m a n y th in black mar ly 

pa r t ings 
B-3 Grey dolomite wi th ve ry a b u n d a n t g ra ins and veinle ts of galena, sphaler i te , 

py r i t e and cha leopyr i t e 
B-4 L ight g rey cel lu lar dolomite , w i t h th in beds of microbrecc ia , con ta in ing small 

vege tab le f r a g m e n t s . These beds bea r ga lena in sca t te red spots 
B-5 Arkose wi th l ight -coloured f r a g m e n t s of Po rphyr i e s . D o w n w a r d s the a rkose 

g radua l ly changes to a cong lomera te of l imes tone pebbles 
B-6 Sandy a l t e red p o r p h y r y 
B-7 Quar tz p o r p h y r i e s 

C-l W e r f e n i a n 
C-2 Be l le rophon f o r m a t i o n : Al te rna t ions of i n t r a fo rma t iona l g lauconi t ic brecc ia and 

of m a r l and m a r l y dolomite 
C-3 A l t e rna t ions of g rey and p ink mar ly , c layey and dolomit ic beds, w i th nodules , 

ve ins and th in s t r a t a of gypsum 
C-4 Grey , oolithic, <juartz- und fossi l -bear ing dolomite 
C-5 Dolomitic brecc ia and grey olayey and mar ly beds a l t e rna t ing wi th a grey 

a r enaceous ool i thic dolomite w i t h r a r e spots of galena 
C-6 " G r o d e n e r s a n d s t o n e " : F ine -g ra ined micaceous sands tone a l t e rna t i ng w i th grey 

dolomit ic beds ; a p p e a r a n c e of g y p s u m nodu les and of th in f r a g m e n t a l layers . At 
t h e b o t t o m grey mar l s 

C-7 Sands tone composed of p o r p h y r i c ma te r i a l , wi th gypsum nodules 
C-S Sandy a l t e red P o r p h y r y 
C-9 Quar tz p o r p h y r i e s 



68-10 6 8 - 7 6 8 - 1 

Fig. 8. Stratigraphic columns of the facies of the Bellerophon 
formation in the Lavis area 
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S U M M A R Y 
T h e Upper P e r m i a n Bellerophon format ion, consisting of l imestone, 

ma r ly l imestone, dolomite and gypsum, crops out extensively in the I tal ian 
Eas te rn Alps. In m a n y places i t contains deposits of a rgen t i fe rous galena, 
which have been exploi ted in t h e past, specially in t h e Monte Calisio 
a rea to the NE of Trento. 

Explora t ion and invest igat ions dur ing t h e past f e w years have improved 
our knowledge about these ore deposits, w h e r e a rgen t i fe rous galena is 
o f t en accompanied by bar i te ; less f r e q u e n t or r a r e a r e sphaleri te, siderite, 
chalcopyrite, p y r i t e and marcasi te , fahlerz and lead sulphoant imoni tes . 

Our s tudies entai led s t ra t ig raphic and paleogeographic investigations, 
examina t ion of polished sections, and analyses of t r ace e lements and of 
t h e isotopic composit ion of su lphur , on t h e s t reng th of which d i f f e ren t 
Iheories on t h e origin of t h e ores a r e fo rmula ted . 

T h e ore bodies a r e res t r ic ted to> t h e upper , lagoonal section of t h e 
Bellerophon format ion , and fo r the i r g rea te r pa r t a r e found w h e r e the 
sed imenta ry series th in out above or in t h e vicinity of the volcanic rocks 
of t h e "Bozen porphyr ic p la t fo rm" . Microscopic examina t ion reveals r e -
p lacement tex tures , which are, however , a t t r ibu ted to diagenet ic 
phenomena . T h e s t ra t ig raphic pers is tence is considered evidence for a 
sed imenta ry deposition. 

T h e metal l ic ions could h a v e been derived e i ther f r o m t h e meteor ic 
leaching of t h e volcanic rocks and of the ore veins which they contain, or 
f r o m s u b m a r i n e the rmo-mine ra l springs (exhala t ive-sedimentary origin); 
t h e au thors incline t o w a r d the f i rs t of t h e t w o hypotheses. 

T h e isotopic composition of t h e su lphur of t h e ores is suggest ive of a 
magma t i c source, it is thought , f r o m s u b m a r i n e su lphurous springs; only 
in pe r iphera l areas does t h e isotopic composition suggest a microbiological 
origin th rough reduct ion of sulphates . 

R I A S S U N T O 
La «Formazione a Bellerophon», del P e r m i a n o superiore, oompren-

den te calcari, calcari marnosi , dolomie e gessi, a f f io ra su vasta estensione 
nel le Alpi Oriental i i tal iane. In mol te localita essa r isul ta mineral izzata a 
galena argent i fe ra , ed ha da to luogo in passa to ad un ' in tensa a t t iv i ta 
es t ra t t iva , in par t icolare nella zona del Monte Calisio a NE di Trento. 

Le r icerche mine ra r i e e gli s tudi degli u l t imi anni hanno permesso di 
per fez ionare le conoscenze sulla mineralizzazione, che e a galena a rgen t i -



f e ra prevalente , cui si accompagna spesso la bari te; piu r a r e e sporadiche 
sono blenda, siderite, calcopirite, p i r i te e marcasi te , t e t r aedr i t e e solfo-
ant imoni t i di piombo. 

Vengono esposti i r isul tat i degli s tudi s t rat igrafici , paleogeografici , mi -
nerograf ic i e delle analisi degli e lementi t raccia dei so l fur i ed isotopiche 
dello zolfo, che hanno po r t a to a f o r m u l a r e d i f fe ren t i ipotesi sulla genesi 
delle mineralizzazioni. 

Ques te u l t ime sono conf ina te al livello superiore, lagunare , della For -
mazione a Bellerophon, e sono in g ran prevalenza concent ra te dove la 
serie si assottiglia, al di sopra o in vicinanza delle vulcani t i della «Piat ta-
fo rma porf i r ica atesina». Pe r q u a n t o s tudi minerograf ic i r ivelino s t ru t t u r e 
metasomat iche — at t r ibuibi l i pero a fenomeni diagenetici —- la costanza 
s t ra t igraf ica viene considerata prova di deposizione sedimentar ia . 

Gli ioni metallici po t rebbero p roven i re o da d i lavamento meteorico 
delle vulcani t i e dei filoni che ques te contenevano, o p p u r e da sorgenti 
t e rmo-minera l i so t tomar ine (origine esalat ivo-sedimentar ia) ; m a gli autor i 
propendono' per la p r ima ipotesi. 

La composizione isotopica dello* zolfo dei solfur i e gene ra lmen te a 
f avore di una provenienza magmat i ca dello zolfo, da sorgenti solf idriche 
sot tomar ine; solo in zone per i fe r iche la composizione isotopica suggerisce 
che lo zolfo dei so l fur i abbia origine dalla r iduzione microbiologica di 
solfati . 

D I S C U S S I O N 

Di Colbertaldo: Se bene ho capito, dal pun to di vista genetico, voi siete 
piu propensi a r i t ene re una origine di questi giacimenti , s i tuat i nel Pe r -
miano superiore, da lisciviazione della p i a t t a fo rma porf i r ica e dei fi loni 
even tua lmen te present i nella p i a t t a fo rma porfir ica. Pero desidero fa r 
osservare che il calcare a Bel lerophon non e mineral izzato sol tanto in 
Trent ino, dove ha forse la maggiore estensione, ma anche nel la Val Bar -
tolo presso' Tarvisio. Nella Val Bar tolo la mani fes taz ione e a piombo, zinco 
e rame; in vicinanza si t rovano anche masse di calcite bianca, spatica, molto 
fet ida, molto> odoran te di acido solfidrico. In questa zona non esiste alcuna 
mani fes taz ione e ru t t iva a cui legare u n a mineralizzazione. Ora, come nelle 
Alpi noi abb iamo molti livelli mineral izzat i che vanno dal Tren t ino al con-
f ine col Austr ia , Jugoslavia, e ne l l ' in te rno di questi due Stat i , vien di 
pensa re che per u n o stesso livello mineral izzato noi dovremo invocare u n o 
stesso tipo di genesi. Ecco perche io mi t rovo imbarazzato neH'accettare 
u n a origine pe r lisciviazione di mineral izzazioni preesis tent i nella p ia t ta -
fo rma porf i r ica Trent ina , q u a n d o invece nel Tarvis iano mancano questi 
e lementi a cui r i f e r i r e un analogo t ipo di mineralizzazione. 

Dessau: I well under s t and w h a t Professor di C o l b e r t a l d o wan t s 
to teli us. It is also shown on Fig. 2 of our paper t ha t in Val Bartolo, in 
t h e vicinity of t h e boundar ies wi th Aus t r i a and Yugoslavia, t h e r e is 
ano ther small ore deposit wi th in t h e Bel lerophon fo rmat ion ; I believe I 



also ment ioned it dur ing my talk. This small deposit is very f a r away 
f r o m t h e Bozen porphyr ic p l a t fo rm or, m o r e generally, it is f a r away 
f r o m outcrops of e rup t ive rocks. As it is d i f f icul t to> admi t a d i f f e ren t 
origin fo r this deposit w i th respect to t h e o ther ones of t h e main area, 
this would be evidence in f a v o u r of t h e sed imenta ry or igin of ali t h e 
deposits. My answer t o Professor di C o l b e r t a l d o is tha t w e real ly 
have not been able to m a k e u p f inal ly ou r minds be tween t h e t w o 
possible origins. We h a v e stressed in our p a p e r t ha t w e a r e stili doub t fu l 
about th is subject , a l though we give a slight p re fe rence t o t h e hypothes is 
of t h e origin of t h e metal l ic ions f r o m t h e wea the r ing of t h e porphyr ic 
p la t fo rm. 

Maucher: Wenn ich Sie r icht ig vers tanden habe, dann sind Sie der 
Ansicht , daB die Erze im Wesentl ichen sediment ier t wurden , und daB 
der Erzbes tand aus der Ve rwi t t e rung der Qua rzpo rphyre kommt . Fi i r diese 
Hvpothese spr icht j awohl auch die Zusammense tzung der Schwefel isotope, 
die auf de r einen Seite in de r N a h e von Quarzpo rphyren m e h r den Cha-
r a k t e r von vu lkan ischem Schwefel , oder magmat i schem Schwefel hat , und 
j e we i te r w i r uns davon en t fe rnen , u m so> m e h r v e r a n d e r t e n S34 Gehal t 
zeigt. Wenn ich He r rn Professor d i C o l b e r t a l d o r ichtig ve r s tanden habe, 
so sagte er, die Erze konn ten nicht von den Quarzpo rphyren s tammen, da 
in diesem Gebiet bei Tarvis die Q u a r z p o r p h y r e fehlen. Nun, ich glaube, 
m a n k a n n folgendes sagen. Das Milieu des Bel lerophonkalkes mi t seiner 
sa l inaren Fazies ist ein Milieu, in dem Metal lgehal te , w e n n sie ins Meer 
gelangen, sediment ier t werden. Ob diese Metal lgehal te aus der Vervvitte-
r u n g von Quarzpo rphyren s t a m m e n oder aus der A b t r a g u n g der Erzgange 
im Quarzporphyr , oder ob die Verwi t te rungs losungen aus den karbonischen 
Erzgangen s tammen, wie Sie ja gerade in den Karn ischen Alpen gezeigt 
haben, ist daf i i r vo l lkommen gleichgiiltig. Ich glaube, w i r sollten uns zu-
nachs t e inmal e infach dar i iber un te rha l t en , daB das Sedimentat ionsmil ieu, 
die Fazies des Bel lerophons eine sa l inare Fazies ist, die ge rade f i i r solche 
Ausscheidungen von Metal len giinstig ist. Und zwar e ine besondere ka rbo -
nat i sche Fazies, in de r hauptsachl ich das Blei fallt , sehr wen ig das K u p f e r 
und sehr wenig das Zink. Erst in dem Augenblick, so w a r wenigs tens 
u.nsere Beobachtung, w e n n die Ka lke e twas mergel iger werden, w e n n sie 
e twas toniger werden, w e n n also das Sedimenta t ionsmil ieu sich ander t , 
dann fa l l t auch m e h r Kupfe r . Es liegt also nicht n u r am Angebot der 
Metal l ionen, sondern es liegt an der Fazies, in de r sie ausgeschieden 
werden . Daf i i r spricht auch Ih re Zinkblende, die k a u m Cadmium enthal t , 
w a h r e n d j a Z inkblenden in den P o r p h y r g a n g e n noch hohe C a d m i u m -
geha l t e haben. Die en tsche idende F r a g e ist doch e infach die nach dem 
Milieu. Der Nachweis, w o die Metal l ionen he rgekommen sind, ob n u n aus 
einer Verwi t t e rung des Grodener Sandsteines, aus e iner V e n v i t t e r u n g des 
Porphyrs , oder aus de r des karn ischen Gebietes, das, g laube ich, ist sehr 
schvver zu entscheiden. Das k o n n t e m a n vielleicht mi t Spurene lementen 
machen, aber auch da ist wieder die Schwierigkei t , daB auch die Spu ren -
e lemente nicht nach dem Angebot fal len, sondern nach dem Milieu. Wir 
miissen uns immer dar i iber k la r sein, daB die Fa l lungsbedingungen das 
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Wesentliche sind und nicht das Losungsangebot allein. Es kann nattirlich 
nu r das fallen, was in der Losung ist, aber es muB nicht fallen, was in der 
Losung ist. Insofern ist, glaube ich, die Frage, oh der Porphyr in der 
Nahe ist oder nicht in der Nahe ist, fiir die Erz-Ausscheidung als solche 
gar nicht so wesentlich. 

Dessau: Wenn ich in Kiirze darf, mochte ich sagen, daB wir einfach 
mit dem, was Professor M a u c h e r gesagt hat, vollig einverstanden sind. 
Ich err inere mich an alte Arbeiten iiber Oberschlesien, wo es bewiesen ist, 
wie sehr eine Salzzirkulation fi ir den Transport und die Fallung besonders 
von Bleiglanz wichtig ist. t i be r den Ursprung der Metallionen sind wir 
eigentlich zu keinem sicheren SchluB gekommen. Wir haben aber in 
Betracht gezogen, daB die Zuhorer im allgemeinen doch am Ende wissen 
wollen »Was denkt Ihr eigentlich daruber?«. Auch fiir uns sind die Fal-
lungsbedingungen viel wichtiger als die Herkunf t . Was die Herkunf t 
betr i f f t , ist es auch bemerkenswert , daB dort, wo die Porphyre : fehlen und 
die Bellerophon-Formation auf Altkrystall in zu liegen kommt, die Erze 
kupferre icher und weniger bleihaltig sind, also von dem anstehenden Ge-
stein beeinfluBt worden sind. 

Mittempergher: I quite agree with the explanation of Professor M a u -
c h e r , that the Bellerophon beds may be very favourable host rocks; 
but we have also a lot of geochemical evidence about the backgroung of 
lead in the quar tz porphyry and also in the Carboniferous beds. The 
Carboniferous beds in the eastern part a re very rich in lead and zine, 
especially lead. There is a lot of smal1 mineralization, but also the back-
ground is very high. At the other hand, in the Trento- and the Bo-zen 
areas, we have the quartz porphyry wi th very high backgroung of lead, 
and in the same area we have the lead mineralization not only in quartz 
porphyry, in the propylitic mineralizations of the Val Sarentino. Terlano, 
but also in the Tregiovo beds and in the upper par t of the Groden sand-
stone. Here there are many places where w e have syngenetic lead minerals. 
For this reason I believe that the Permian volcanics and the Carboniferous 
shales may be regarded partially as sources for the lead and zine contained 
in the Bellerophon mineralizations. 

Emberger: Une question sur les isotopes de soufre. Dans votre texte 
vous avez ment ionne comme valeurs du rapport isotopique du soufre 
pour la galene des groupes de chiffres, des valeurs positives faibles et 
quelques valeurs negatives fortes. J e voudrais savoir si ces valeurs ont 
ete mesurees sur des echantillons presentant des conditions de gisement 
ou un aspect morphologique identique ou different? 

Dessau: Le collaborateur Professeur P e r n a confirme que les facies 
des echantillons sont exactement les memes; mais les echantillons avec les 
valeurs aberrantes viennent d 'une region bien definie. 

Emberger: J e vous pose cette question parce que j 'ai eu 1'occasion de 
1'aire des etudes de ce genre sur des gisements marocains qui appart iennent 



en fait a la zone alpine et dans lesquelles j 'ai constate que les variat ions 
importantes du rappor t isotopique peuvent e tre enregistrees la, ou il y 
avait des mineralisations voisines (a des distances de l 'ordre du decimetre 
cu de la dizaine de metres), mais presentant des caracteristiques diffe-
rentes (morphologie, roche encaissante, association m i n e r a l e . . . ) . Les 
analyses ont parfois donne des resultats tres differents . Ainsi, de la 
galene dispersee en nuage dans le ciment d 'un gres mont re un ^S31 

negatif t res faible tandis que de la galene en remplissage de f issure dans 
ce m e m e gres mont re au contraire une valeur negat ive tres elevee. Cette 
dif ference de valeur t radui t tres probablement des differences dans le 
mode de formation de ces deux types de galene. 


