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Forevvord 

Many occurrences of lead-zinc-bar i le deposits in kars t ic env i ronments 
h a v e been described by several authors , ali over t h e world, dur ing t h e 
last years ; e. g. L e l e u , 1966b; B e r n a r d and L e l e u , 1967; C r o s s 
and L a g n y , 1969; L a g n y , 1969. Many o ther au tho r s a re listed in 
t h e above ment ioned papers ; they podnt out t h e advancements in this 
subject . 

Be fo re s ta r t ing to describe these occurrences w e should l ike t o point 
out tha t , in o u r opinion, ali t h e ka r s t deposits a r e fo rmed by s imilar 
genetic processes, a l though they display d i f f e ren t characteris t ics in the i r 
t ex ture , shape, minera l composition etc. 

Italy (Sardinia) 

T h e kars t ic ore deposits in South-Wes te rn Sard in ia — described by 
several au thors in these last years ( B e n z , 1964; T a m b u r r i n i and 
V i o l o , 1965; T a m b u r r i n i , 1966; T a m b u r r i n i and Z u f -
f a r d i , 1967) — can be subdivided in t h r ee main types: 

1. Thin ly l amina ted beds, general ly subhor izonta l or slightly inclined 
along t h e crevice walls (Fig. 1), t hus unconfo rmab ly lying on the (Paleo-
zoic) host roeks. 

This occurrence shows m a n y variet ies in t h e association both of ore 
and of gangue minerals . T h e ore minerals , vvhich m a y occur, are: pyr i t e 
(framboids), galena, sphaler i te , bar i te ; the gangue minera ls are: carbonates 
(calcite, dolomite, siderite), quartz , i ron hyd ra t ed oxides, clays. 

The types of deposits m a d e by d i f fe ren t associations of these minera ls 
a r e main ly two: 

— T h e f i rs t one shows main ly th in a l t emances of ba r i t e and da rk 
qua r t z beds, w i th mino r galena and f r amboida l pyr i te ; sometimes car-
bonates and minor l imoni te and clay, cemented by quar tz , a re present . 

Not uncommonly , these deposits a re covered by conglomerates and 
sandstones, whose cement, general ly clayey and /o r siliceous, is somet imes 



Fig. 1. S. Giovanni mine. "Ricchi Ag" stope. Sardinia (Italy). It is visible from 
right to left: 

— crevice wall made up by Cambrian carbonatic ročk (dark grey) 
— a large band of spathic calcite (whitish) 
— thin beds of sulphides-clay-carbonates rhythmic depositions. 

A gentle inclination of the beds is visible in this part of the karstic crevice. 

par t ia l ly m a d e by ba r i t e ( B r u s c a , P r e t t i and T a m b u r r i n i , 
1967). 

— T h e second one is character ized by t h e presence of sphaler i te : the 
kars t f i l l ing beds a re thin, r a the r dark to black, m a d e by sphaler i te , galena, 
f r amboida l and euhedra l pyri te , cemented by dolomite (Fig. 2). 

The most common type of kars t ic deposits is t h e f i rs t one, which is 
character ized by bari te, carbonates , i ron hydra ted oxides, t ha t is an 
association re la ted to oxidizing env i ronments (L e 1 e u , 1966a); t h e occur-
rence of galena in these deposits m a y be d u e to d i f fe ren t processes: e i ther 
syngenet ic galena related to horizons deposited in f avourab l e Eh—pH 
condit ions ( G a r r e l s , 1954), or (minor) galena fo rmed w h e n dispersed 
lead in to t h e oxidized fill ing sediments was placed u n d e r reducing con-
ditions and su lphura t ed dur ing the no rma l evolution of the karsts . 

Only seldom t h e occurrence of o ther sulphides (second type) test if ies 
t h e achievement of s t rong reducing conditions, which a re typical of a late 
senili ty s tage ( B e r n a r d and L e l e u , 1967). 

Notwi ths tand ing these characters , normal ly the described kars t s a re 
completely fossilized, thus they can be called holokarsts (C v i j i č , 1925; 
L l o p i s - L l a d o , 1953). 



Moreover t h e changing composition of the kars t fi l l ings test if ies 
var iable chemical-physical conditions, re la ted to paleogeographical va r i -
at ion du r ing t h e deposition of res idual mater ials . 

These types of kars t ic deposition a re well developed mainly in t h e 
Cambr ian carbonat ic format ion , especially w h e r e it is completely f la t tened 
by the pos t -Hercynian erosion. 

2. Galena-bar i te-calc i te cockades and stalactites. This kind of s t ruc-
tures , par t icu lar ly well developed in the San Giovanni mine (Cambrian 
l imestones, Iglesiente — SW Sardinia) , (B r u s c a and D e s s a u , 1968), 
is re lated to meteor ic w a t e r percolat ing in to kars t ic cavities and leaving 
t he r e t h e carr ied ions, which f o r m the above ment ioned minerals . This 
t ype of kars t ic deposition is qui te similar, a lmost regard ing to the macro-
scopic appea rance of the ore, to t ha t of Sidi Bou Aouane, which will be 
described later . 

T h e cockades m a y have a Cambr ian l imestone f r agmen t , as nucleus, 
su r rounded by whi t e calcite, s i lver-r ich galena and quar tz bands (Fig. 3); 
in o ther cases they a r e wi thou t any nucleus and included in large masses 
of spathic calcite (Fig. 4). 

Fig. 2. Gutturu Pala mine. Sardinia (Italy). Thin beds of galena, sphalerite and 
pyrite (very often with framboidal structure) cemented by dolomite and calcite. 
The clearer beds are richer of carbonates than the others. Small quartz veins 

(white) cut the bedding. Polished hand-specimen. Natural light. 



Fig. 3. S. Giovanni Mine. "Ricchi Ag" stope. Sardinia (Italy). Fragment of 
Cambrian carbonatic ročk surrounded by prevalent calcite (white) and quartz-

-galena (grey to black). 

Fig. 4. S. Giovanni mine. "Ricchi Ag" stope. Sardinia (Italy). Cockades of galena 
(black), quartz and calcite included in spathic calcite (white). 



Fig. 5. Orcel Bialy mine. Bytom district. Poland, Sketch showing a typical 
mineralization in this mine. It is possible to observe from bottom to top: 
1. Barren "Gogolin" limestone. 
2. Fragments of "Gogolin" limestone included in "vitriol clay" passing to 
3. A large band of "vitriol clay" which is a residual deposit due to karstic 

solution. 
4. Bedded mineralization, where marcasite is prevalent in lower part and 

sphalerite content is gradually increasing upwards; small lenses of galena 
appear in the top part. 

5. Ore-bearing dolomite. 

3. Collapse breccias, character ized by l imestone and dolomite boulders 
(coming f r o m t h e Middle Cambr i an "Metal l i fero" member) cemented wi th 
bari te , calcite and " te r ra rossa" wi th a s t rongly anomalous geochemical 
lead-zinc content (M a r c e 11 o , 1969). This t y p e of kars t , which is 
p robably younger t h a n t h e others, is ra re ly re la ted t o economic ore de-
posits, excepted some clastic ba r i t e deposits. 



Pcland (Silesia — Cracovv) 

The well k n o w n Silesia-Cracow ore deposits have been the topic of 
m a n y genetic in terpreta t ions . Recently B o g a c z , D ž u l y n s k i , H a -
r a h c z y k described some kars t ic f ea tu re s in the ore-bear ing Triassic 
ročk of this area; these au thors imputed t h e sulphide deposition and the 
kars t itself to hyd ro the rma l - t ype ascendant s treams. 

One of us had t h e possibility of s tudy ing t h e By tom and Chanow 
mining districts, fo r some months , and t h e per descensum kars t ic de-
position looked to play a main role in t h e sulphide genesis; in fact the 
ore-bear ing horizon, which lies on the general ly unminera l ized G o gol in 
l imestone, is m a d e by an almost general sequence, which is, f r o m bot tom 
to top: vitr iol clay, spha ler i te -pyr i te -marcas i te beds (Fig. 5), which evolve 
upwards into collapse breccias made by boulders of ore-bear ing dolomite 
cemented wit.h collophorm sphaler i te or b runk i t e and galena veinlets 
(Fig. 6). In this čase, again, the kars t evolved till reaching s t rong reducing 
condit ions in its lower parts , whi le in t h e uppe r ones, w h e r e the reducing 
conditions were not so strong, large masses of " ter ra ros?a" wi th veinlets 
of r e juvena ted galena a re present , actually, in the ore-bear ing horizon. 
This " t e r r a rossa" and pe rhaps the galena are t h e recent wea ther ing 
phenomena and they a r e mainly developed w h e r e the mineral izat ions are 
shal lower (e. g., Maty lda mine), nea re r t h e surface. 

Fig. 6. Trzebionka mine. Chanow district. Poland. Collapse breccia made up 
by ore-bearing dolomite fragments, cemented with calcite (white) and galena. 

Sphalerite is rather uncommon in this type of deposit. 



Fig. 7. Sidi Bou Aouane mine. Tunisia. Cockades of galena, sphalerite and 
calcite. Galena may be present both in the core of the cockades and in the 
small veinlets and starlets in the cement. Sphalerite is present mainly in 

concentric bands with collophorm structure. 

Tunisia 

T h e impor tan t lead district of Djebel Hal louf-Sidi Bou Aouane, which 
is about 130 k m NW of Tunis, holds, at least in some places, ore bodies 
of kars t ic origin. 

T h e c r e bear ing horizons, which occur most ly in massive Uppe r 
Cretaceous l imestones at Djebel Hallouf and in Eocene mar ls at Sidi Bou 
Aouane, exhibi t clear kars t ic f ea tu res in some places. 

These kars t ic f ea tu res m a y be grouped in two main types: 
1. Cockades (Fig. 7) and stalacti tes (Fig. 8) made up by galena-sphaler i te-

- jo rdan i t e and calcite. 
These s t ruc tu re a re r a the r similar to those observed in S. Giovanni 

mine (Fig. 4). 
2. Thin mar ly - sandy beds, impregna ted by galena (Fig. 9): these beds, 

sub-hor izonta l or slightly inclined along t h e crevice walls, look l ike t h e 
described fea tu res in S. Giovanni mine f r o m Sardin ia (Fig. 1). 

P h e n o m e n a of this type, tha t is crevices filled by red clays, calcareous 
boulders and galena veinlets, have been observed also in other Tunis ian 
min ing districts (Djebel H a m r a — V i o l o , 1965; N i c c o l i n i , 1970). 



Fig. 8. Sidi Bou Aouane mine. Tunisia. Stalactites of galena (black) and calcite 
(white) collected in the same mine of the preceeding photograph. 

Fig. 9. Sidi Bou Aouane mine. Tunisia. Thin marly beds impregnated by pre-
valent galena. They show characters similar to those observed in S. Giovanni 

mine (see Fig. 1). 



England (Derbyshire) 

An example of kars t ic deposit ion of lead-bar i te beds in Carboni fe rous 
l imestone has been described recent ly by F o r d and K i n g (1965) in the 
Golconda mine, Derbyshire . 

This occurrence, whose outcrops w e r e visi ted by one of us, is very 
a l ike t h e f i rs t t ype of Sard in ian ore bear ing karsts , being m a d e of th in 
ga lena-bar i te -dolomite beds which lie subhor izonta l ly or slightly inclined 
n e a r t h e walls of t h e kars t cavity. T h e occurrence of collapse breccias 
confirms, once more, the supergenic, kars t ic n a t u r e of the cavities and 
the i r filling. 

Conclusions 

T h e f e w given examples show, even if roughly, t h e var ie ty and spread 
of kars t ic minera l depositions; sometimes, e. g. in Sardinia and Silesia-
-Cracow, these kars t ic deposit ions m a y give rise, as regards both grades 
and tonnages, to exploi table ore accumulat ions. 

T h e d i f fe ren t s t ructures , visible in the d i f fe ren t ore districts, a re con-
trolled by several fac tors and namely : mineralogical composit ions of t h e 
roeks subjee ted to kars t ic phenomena , mineralogical composition of t h e 
kars t f i l l ing sediments, morphological evolut ion and chemical-physical 
env i ronment dur ing kars t processes. These pa r ame te r s should be carefu l ly 
invest igated w h e n s tudying and researching ore depositions in kars t ic 
envi ronments . 
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S U M M A R V 

In this paper , which is a p re l imina ry report , w e shall a t t empt to 
illustirate some examples of su lphide and bar i t e deposit ions in kars t ic 
envi ronments , whose description was m a d e e i ther by us or by other 
authors , f r o m d i f fe ren t ore districts. 

We descr ibe br ief ly the shapes, t h e s t ruc tures and t h e mineralogical 
associations of kars t ic ore deposits, t ry ing to point out s imilar i t ies and 
di f ferences among some mining districts. 

D I S C U S S I O N 

Emberger: D 'une fagon generale, avez-vous des in fo rmat ions sur les 
t eneurs en ol igoelements des galenes encaissees dans des karsts? D 'une 
fagon plus par t icul iere , quelles sont les t eneurs en argent? 

Violo: C e s t une quest ion a laquel le je n e peux pas repondre . En e-ffet 
il y a u n e t res r i che bibl iographie sur les mineral isa t ions de la zone de 
Cracovie. En ce qui concerne les minera l i sa t ions en Sardaigne, nous avons 
des analyses de la galene de la mine de San Giovanni. Elle contient 2 ou 
3 kg a 6 kg d ' a rgen t p a r t onne de Pb, avec une moyene de 2,5 kg/t 
d 'argent . Cer ta ines galenes des cavites kars t iques dans le calcaire cambr ien 
peuvent conteni r jusqu 'a 10 kg d 'a rgent p a r tonne de plomb. 

Lagny: Etes-vous cer ta in que la t e r r a rossa a veinules de ga lene que 
vous avez observe dans la breche d ' e f fond remen t soit con tempora ine du 
remplissage s u l f u r e de la base du gisement? II ne me semble pas que 
B o g a c z , D ž u l y n s k i et H a r a n c z y k en fassent e ta t dans leur 
note. Si mes souvenirs sont bons, le rempl issage de la b reche d ' e f fond re -
men t est essent iel lement const i tue de su l fu res a t e x t u r e colloforme. 



Violo: J e crois que le remplissage de t e r r a rossa avec des veinules de 
galene est plus recent que la fo rmat ion mass ive des sulfures . En effet , 
la t e r r a rossa est p lus r e p a n d u e dans la pa r t i e du By tom ou les a f f l eu re -
ments du Tr ias metall ises sont plus voisins a la surface, p a r exemple, dans 
la m i n e de Matylda. On pour ra i t d i re que peu t e t re u n e e laborat ion des 
eaux superficiel les plus recen te q u e la fo rma t ion des su l fures massifs. 
Mais a Fechelle du gi te il me semble qu' i l exis te u n e var ia t ion dans la 
composit ion minera log ique des couches mineral isees (par exemple dans le 
gi te de Trzebionka ou S m o l a r s k a * a decr i t deux couches mineralisees), 
c'est a di re (a pa r t la b lende qui est r e p a n d u e dans tous les gites), 
pyr i te -marcas i te dans la pa r t i e in fe r i eu re et ga lene dans la par t i e su-
per ieure de 1'horizon mineral ise. 

Amstutz: Regard ing t h e breccia p ic ture you sho<wed I should like 
to point to t h e fact tha t breccias a re also a b u n d a n t in no rma l sed imenta ry 
rocks and do not h a v e t o be connected wi th kars t surfaces. In the Missis-
sippi Valley-Bleiberg-Silesia deposits m a n y breccia zones exist, e i ther as 
seismic breccias or d i f fe ren t ia l compression breccias. Since galena is 
a lways diagenetically late, it migrates , be fo re consolidation, in to spaces 
avai lable t o th is "rest f lu id" of sed imenta ry crystall ization. 

Violo: I am according to Prof . A m s t u t z tha t m a n y types of breccia 
cannot be connected wi th kars t ic phenomena ; in fact just in the Silesia 
ore deposits o the r types of breccia (as they have been described by 
G r u s z c z y k** and his coworkers) have been caused by diff erent phe-
nomena . But t h e supergene origin by w e a t h e r i n g ac t iv i ty of the showed 
breccias is test i f ied, I suppose, by several factors ; these a re visible in 
m a n y min ing districts as in Sard in ia and Tunisia. 

* S m o l a r s k a I. — "Characteristic of the zine and lead ore deposit of 
the Trzebionka mine". Polska Akademia Nauk — Warszawa 1968. 

* * G r u s z c z y k N.: The genesis of the silesian — Cracow deposits of 
Lead-zinc ores. Econ. Geol. Monograph 3. 1967. 


