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A bstract: In view o f  the renewed discussion on the origin o f Upper Silesian Zn-Pb ores we give some comments 
on this subject. In our opinion the recurrently invoked post-Jurassic age o f these deposits is at variance with 
geological facts which point to pre-Jurassic age. The source o f metal-bearing solutions could be looked in deeper 
parts o f the Earth’s crust, presumably in Paleozoic rocks, or in older accumulations o f ore deposits regenerated 
during Triassic reorganization o f crustal plates.

A bstrakt: W nawiązaniu do wznowionej dyskusji nad pochodzeniem i wiekiem górnośląskich złóż rud Zn-Pb 
autorzy uzasadniają pogląd, że przypisywanie im po-jurajskiego wieku jest sprzeczne z faktami geologicznymi, 
które wskazują na ich przed-jurajski wiek. Źródeł roztworów metalonośnych można się dopatrywać w głębszych 
częściach skorupy ziemskiej prawdopodobnie w paleozoicznych skałach, bądź w starszych złożach kruszców, 
zregenerowanych podczas przemieszczania się kier globalnych w triasie.
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INTRODUCTION GEOLOGIC SETTING

The strata-bound Zn-Pb sulfide ores in the Triassic of 
Upper Silesia belong to the category o f Mississippi Valley- 
type deposits (abbreviated to MVT deposits). These depos­
its were once designated as “Upper Silesia -  Mississippi 
Valley type deposits” (Dunham, 1950). Recently, however, 
they are described as “Silesia-Cracow” ores. As in our ear­
lier publications, in this paper we return to the name “Upper 
Silesian ores”, unless the designation “Silesia-Cracow” is 
quoted in excerpts from other publications.

The origin of Upper Silesian deposits is still open to dis­
cussion. Time and again contradictory ideas on this subject 
have been advanced, largely because some investigators as­
cribe negligible importance to certain geological data that 
are at variance with their preconceived ideas or because of 
insufficient understanding o f  geological setting of these 
ores. The dispute is centered on the following subjects: 1 -  
relationship of ores to their karst receptacles; 2 -  relation­
ship of ore bodies to tectonic features of the district; 3 -  age 
of ore emplacement; 4 -  derivation of ore fluids, their driv­
ing mechanism and routes o f migration; 5 -  source of base 
metals.

The Triassic sequence of Upper Silesia is separated 
from overlying Jurassic and underlying Paleozoic rocks by 
major unconformities of regional extent. The sequence be­
gins with non-marine sandstones, conglomerates and 
claystones (Bunter). In the ore district, the thickness of non­
marine sediments varies from zero to 20 m, but to the south­
east, it may amount up to 1500 m (Moryc, 1971). The non­
marine sediments are followed by 300 to 400 m thick se­
quence o f Muschelkalk limestones and early diagenetic 
dolostones deposited, to a considerable extent, under oxidiz­
ing and high energy conditions. These shallow-water car­
bonates, in turn, are covered, with a slight unconformity, by 
red non-marine Keuper claystones. The claystones contain, 
locally, pure lacustrine limestones, the so called “Woźniki 
limestones” (Roemer, 1870), which are interpreted in terms 
of hot spring deposits (Bogacz et al., 1970).

In most o f Upper Silesia, the Triassic overlies almost 
flat-lying Upper Carboniferous Coal Measures. However, 
along the north-eastern margin of the Upper Silesian basin, 
the Triassic covers with a transgressive overlap the irregular 
paleorelief (change of elevation up to 300 m) o f folded 
Lower Carboniferous and Devonian carbonates (e.g. Ale- 
xandrowicz, 1971; Wyczółkowski, 1971, 1974), whose 
basement consists of Lower Paleozoic sedimentary, meta- 
morphic and igneous rocks (e.g. Wieser, 1957; Ekiert, 1971;
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Fig. 1. Distribution of Upper Silesian Zn-Pb strata-bound ores 
in relation to major Paleozoic fracture zones and faults presented 
on a background o f schematic geological map without minor tec­
tonic features and Cainozoic strata. Paleozoic tectonics simplified 
after Herbich (1981) and Morawska (1997). 1 -  Cretaceous; 2 -  
Jurassic; 3 -  Triassic; 4 -  Permian; 5 -  Carboniferous; 6 -  De­
vonian; 7 -  Carpathians Cretaceous-Tertiary; 8 -  Zn-Pb ore de­
posits; 9 -  fracture zones and major faults; 1 0 -  Carpathian nappes. 
KLFZ -  the Kraków-Lubliniec Fracture Zone; TGFZ -  the Tar­
nowskie Góry Fault Zone; USF -  the Upper Silesian Fault

R yka, 1978, B ukow y, 1994). T hese rocks m ake up the 
W N W -E S E  trend ing  lineam en t (R ulski, 1973), a long th e  so 
called  K rak ó w -M y szk ó w  structu ral e leva tion  (K otas, 1982,
1985). To the w est o f  M yszków  this e levation  tu rns w est­
w ards and jo in s  the W -E  tren d in g  K rak ó w -L u b lin iec  F rac­
ture Z one Fig. 1 (M oraw ska, 1997). T his fracture  zone 
seperats the M ałopo lska  M a ss if  from  the U pper S ilesian  
M assif (e.g ., B elka &  S iew niak-M adej, 1996). It is reason ­
able to in tegrate the above m en tioned  fracture  zones into 
one K rak ó w -L u b lin iec  lin eam en t (B uła  &  Jachow icz, 1996; 
M oraw ska, 1997). In its p resen t form , th e  K rak ó w -L u b ­
liniec lineam ent (abb rev ia ted  to  K L  lineam en t) is a V ariscan  
structure. It includes, how ever, the relics o f  C aledonian  
structures and  is charac te rized  by  the presence  o f  late P aleo­
zoic in trusive and ex trusive  rocks. T his lineam en t or frac­
ture zone delineates th e  no rthern  and  no rth -eastern  bo rder o f  
the U pper S ilesian  basin  and  rep resen ts a segm ent o f  the 
transcon tinen tal “H am b u rg -C raco w ” fau lt zone (O berc, 
1993; Ż aba, 1997). T he lineam en t is though t to  co incide 
w ith H ercyn ian  sin istra l ro ta tion  resu lting  from  dextral 
strike-slip  fau lt (B ogacz &  K rokow sk i, 1981). It should  be 
borne in m ind , how ever, th a t the fracture  zone in question  
extends beyond  K raków  in sou th -eastern  d irection . Its p ro ­
longation has been  reco g n ized  under the C arpath ian  nappes 
south o f  B ochn ia  in R ajb ro t (Jachow icz  &  M oryc, 1995).

S tarting  w ith  the U p p er P aleozo ic , the K rak ó w -M y sz ­
ków  structural elevation  has been  affec ted  by th ree separate  
epochs o f  m ineralization . T he  first, late C arb o n ife ro u s-P er-

m ian po lym eta llic  ve in -type  m inera liza tion , w as d irec tly  re ­
la ted  to  in tensive tec ton ics and  igneous ac tiv ity  (e.g. 
G órecka, 1972; H arańczyk , 1979, 1984; G órecka  & N o w ak ­
ow ski, 1979). T he second , stra ta -bound  m ineralization , 
com posed  ch iefly  o f  sphalerite , g a len a  and  iron  su lfides, is 
confined  to  M iddle  T riassic  ca rbonates (M uschelkalk). The 
last, econom ically  un im portan t m inera liza tion , occurs in Ju ­
rassic  lim estones and  consists m ain ly  o f  iron  sulfides, ga­
lena and, locally , o f  in s ign ifican t am ounts o f  sphalerite. 
T his m inera liza tion  is genetica lly  re la ted  to E arly  T ertiary  
faults w hich  becam e truncated  during  the Paleogene p lana- 
tion. T he N eo g en e  faults w h ich  are c learly  m arked  as horsts 
and  grabens in the p resen t to p o g rap h y  o f  the C racow  U p­
land (D żułyńsk i, 1953) are barren  o f  ore m inerals.

A lthough  the fo llow ing  d iscussion  is ch iefly  concerned  
w ith  ores in the M uschelkalk , the ex is tence  o f  ea rly  T ertiary  
fau lt-hosted  m ineralizations shou ld  be  kep t in m ind, be­
cause o f  its bearing  on the con troversies concern ing  the ori­
gin and  age o f  s tra ta-bound  o res in T riassic  carbonates.

THE HOST ROCK OF TRIASSIC ORES

T he host-rock  p roper o f  su lide  ores in the T riassic  is the 
ore-bearing  do lom it (abb rev ia ted  to  O B D ). T his neosom e or 
m etasom e occurs in the form  o f  la tera lly  ex tensive, irregular 
or rough ly  tabu la r bodies w ith in  una lte red  T riassic  carbon­
ates (paleosom e). T hese bod ies are localized  a long  the 
sou thw estern  m argin  o f  the K L  frac tu re  zone and  are absent 
fu rther to  the sou thw est, as w ell as on the eastern  side o f  this 
structural elevation .

T he cross-cu tting  m etasom atic  contac ts o f  the O BD  
w ith  unaltered  T riassic  carbonates and  the p resence o f  iso ­
la ted  rem nants o f  these  ca rbonates w ith in  the O B D , leave no 
doubts as to  its secondary , m etasom atic  na tu re  (e.g., B ogacz 
et cii, 1972 ).

T he O B D  resu lted  from  succesive  stages, th rough  dolo- 
m itization  o f  lim estones and recry sta lliza tion  o f  early -d iage- 
netic dolostones (B ogacz  et al., 1975). T here are at least 
three generations o f  the O BD : 1 -  fine-crysta lline , dark  do­
lom ite w ith  d ispersed  iron  su lfides, 2 -  coarse-crysta lline  
rusty  do lom ite  and, 3 -  gangue do lom ite  in veins.

T hese generations (see: K rzyczkow ska-E verest, 1990) 
w ere the resu lts o f  the sam e fo rm ative  p rocess. T hey  w ere 
d irec tly  re la ted  to  the tran sfe r o f  ho t m inera liz ing  solutions 
and m obilized  connate  or g round  w aters th rough  th e  pore 
space o f  T riassic  paleoaquifer.

T he age o f  the O B D  is p re -Ju rass ic , because  the C al- 
lovian  m arine  sed im en ts rest d irec tly  upon the eroded  sur­
face o f  this dolom ite , the phenom enon  already  observed  by 
early  geolog ists (e.g. Petrascheck , 1918).

As is the case w ith  m any o ther M V T  deposits, m ost stu­
dents regard  the O B D  as a  h y d ro therm a l a lteration  and  there 
is re liab le  ev idence supporting  th is  conclusion  (fo r re fe r­
ences and  details , see: B ogacz  et al. , 1972, 1975). A cco rd ­
ing to  som e authors, how ever, th e  O B D  o rig inated  inde­
penden tly  o f  ore m inera liza tion  (e.g . Ś liw ińsk i, 1969).

R ecently , L each  et al. (1996a) c la im  that only  a lim ited 
part o f  this do lom ite  is genetica lly  re la ted  to  the em p lace­
m en t o f  s tra ta-bound  su lfide ores. T he  stra ta-bound  ores are
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indeed restric ted  entirely  and  exc lu s ive ly  to  the O B D  (e.g. 
M ichael, 1904; Sass-G ustk iew icz , 1975b, 1985; S obczyński 
et al., 1978). O utside the m in era lized  zone, th e  T riassic  is 
devoid o f  the O BD . It shou ld  be borne in m ind, how ever, 
that do lom itiz ing  solu tions w ere  fo rerunn ing  the m etal-bear- 
ing ones. T hese  latter m igh t have covered  on ly  p art o f  the 
host stra ta  already  tran sfo rm ed  into the ore-bearing  do lo ­
m ite. B ecause  o f  their g rea te r specific  density  such m inera l­
izing solu tions em placed  ores ch iefly  in the low er portions 
o f  the O BD .

A dm ittedly , there are early  d iagenetic , p re-o re  dolos- 
tones bu t they  invariab ly  o ccu r as “ stra tifo rm ” bodies i.e., 
norm al sed im entary  beds con ta in ing  w ell p reserved  m icro ­
fossils and o ther organic rem nan ts  w hich  in  the O B D  are 
ob literated  or b lurred  by  recry sta lliza tion . T he O B D  is su­
perim posed  upon such do lo s tones and  show s cross-cu tting  
m etasom atic  contacts, s im ila r to  those  observed  w ith  lim e­
stones.

T he appearance o f  th e  O B D  hera lded  the onset o f  ore 
m ineralization  and  both phen o m en a  w ere  parts  o f  the sam e 
form ative p rocesses. T he O B D  rep resen ts the first link  in the 
chain o f  a lterations b rough t ab o u t by  the passage o f  ho t a s­
cending and m ineraliz ing  so lu tions (e.g. B ogacz eta l., 1970; 
P rzeniosło, 1974; M ochnacka & S ass-G ustk iew icz, 1981). 
T herefore, the origin o f  O B D  has been trad itionally  linked 
w ith the genesis o f  ores.

TEMPERATURE OF ORE 
EMPLACEMENT

The stra ta-bound  ores in the U pper Silesia, like m any 
o ther M V T  deposits, are “ sha llow ” i.e., em placed  close to 
the con tem porary  E arth ’s su rface . C onsequen tly , these de­
posits are “te le therm al” and  tem pera tu res o f  their em place­
m ent range from  80° to 158°C  (K ozłow sk i, 1995) or from  
120° to  220°C  (P rzen iosło , 1974). It is realized , how ever, 
that at g rea ter depth, w here  th e  m inera liz ing  fluids w ere de­
rived, their tem perature  m u s t have been  h igher (K ozłow ski,
1995) and p resum ably  inh ib ito ry  to p rec ip ita tion  o f  sulfides.

ORE-BODIES

A lthough the ore-bodies m ay  assum e d ifferen t positions 
in the O BD , they  are though t to  occu r in three so ca lled  “h o ­
rizons” (e.g., D uw ensee, 1928; Sobczynsk i &  Szuw arzyri- 
ski, 1974; Szuw arzynski, 1996), the low est o f  w hich  is lo­
cated  nearby  and along th e  low erm ost m etasom atic  bound ­
ary o f  the O B D . The ores co n ta in ed  in these “ho rizons” oc­
cur in the form  o f  rep lacem en t (m etasom atic), cav ity -filling  
and am m oblastic  ores (see later).

The prob lem  o f  rep lacem en t ores has been  trea ted  in 
m any publica tions (for re fe ren ces and  details see: e.g. B o- 
gacz et al., 1973a; M ochnacka  &  S ass-G ustk iew icz, 1981) 
and does no t cause con troversies. C onsequen tly , there is no 
need to dw ell on this sub jec t. C om m ents, how ever, are 
needed on the question  o f  cav ity  filling  ores.

CAVITY-FILLING ORES

M inera lized  parts o f  the O B D  are ridd led  w ith  countless 
d isso lu tion  voids, w hich  take  th e  fo rm  o f  sheet-like, low - 
ceilinged , tabu lar and  spongew ork  cav ities . T he voids also 
include openings p roduced  by  “karst tec to n ics” (B alw ierz  & 
D zufynski, 1976) i.e., the  rock  d is tu rbances, such  as co l­
lapse b reccias o r m inor gravity  fau lts, p ro d u ced  by  d isso lu ­
tion  induced  stress red istribu tion . T he above m en tioned  
vo ids are lined  or filled  w ith  su lfide  ores.

Incip ien t sheet-like cav ities m ay  have fo rm ed  during  re ­
p lacem en t o f  the O B D  by  su lfide  m inera ls, w hen  d isso lu tion  
run  ahead  o f  deposition  (L indgren , 1918). Such cav ities tend  
to occur a long  bedd ing  surfaces, frac tu res o r secondary  d if­
fusion  bands (M ochnacka & S ass-G ustk iew icz , 1981; D zu­
fynski &  S ass-G ustk iew icz, 1985; D zufynsk i &  R udnick i, 
1986; Sass-G ustk iew icz  &  M ochnacka, 1993a).

T he m inera lized  cav ities in the U p p er S ilesian  d istric t, 
as w ell as in o ther M V T  deposits, a re  best exp la ined  in 
term s o f  hydro therm al karst ph en o m en a  as an o re-form ing  
p rocess (B ogacz e ta l., 1970; D zufynsk i, 1976; D zufynsk i & 
S ass-G ustk iew icz, 1980, 1985; S ass-G ustk iew icz  et al., 
1982; Sass-G ustk iew icz, 1985). T his concep t is based  on 
three prem isses: 1. the ores in filling  or lin ing  the voids are 
p rec ip ita ted  from  hydro therm al so lu tions, 2 . the voids serv ­
ing as o re  recep tac les are o f  d isso lu tion  orig in  and, 3. the 
voids and  ores residen t in them  are  fo rm ed  con tem porane­
ously  o r penecon tem poraneously  by  the  sam e form ative 
process.

T he term  “hydro therm al kars t” is now  w ell estab lished  
in karst sciences (e.g. K unsky , 1957; O zoray , 1961; M aksi­
m ovich , 1969, D zufynski 1976; Jakucs, 1977; R udnicki, 
1979; D ublyansk i, 1995). C av ity  m ak in g  by  m eta l-bearing  
hydro therm al so lu tions has also  b een  suggested  by  several 
ore-geolg ists, e ither as an alternative  (e.g ., P ark  &  C annon, 
1943) or exp lic it exp lana tion  o f  cav ity -fillin g  o res (e.g. 
Posepny , 1894; M cC lelland  & W hiteb read , 1965). T o this 
category  o f  phenom ena belong  the cav ity -fillin g  sulfide ores 
in the U pper S ilesian d is tric t (B ogacz  et a l ,  1970; Sass- 
G ustk iew icz, 1974, 1975b). T he in terp re ta tion  tha t m in era l­
ized cavities w ere p roduced  by ore bearing  solu tions finds 
its strongest support in the solu tion  co llap se  breccias w hich 
are am ong im portan t ore recep tac les . T he karstic  orig in  o f  
these b reccias is tes tified  by the fo llow ing  features:

1. T he low erm ost boundaries o f  b reccias are d isso lu tion  
surfaces covered  w ith m inera lized  cave sed im ents m ade up 
o f  g rains o f  d is in teg ra ted  do lom ite  and  sphalerite , insoluble 
residuals, clastic  fragm ents o f  ores and  host rock, and idio- 
m orphic sulfide crysta ls  (B ogacz  et al., 1973b; S ass-G ust­
k iew icz , 1975a, 1996).

2. T he upper and lateral boundaries o f  b reccias are g ra­
dational, w hereby  the rubb le  o f  angu la r do lom ite  b locks in 
the cen te r o f  b recc ia  bodies p asses th rough  crack le  b reccias 
into a ne tw ork  o f  m inera lized  fractu res . A bove the h igh-do- 
m al b recc ia  bodies the m inera lized  fissures are com m only  
arranged  in p ressu re  arches (S ass-G ustk iew icz , 1974).

3. In p lan  v iew , the b reccias are  h igh ly  irregu la r (Sass- 
G ustk iew icz, 1975b).

4. T he rock  fragm ents m ak ing  up  th e  b recc ia  bod ies are 
devoid  o f  slickensided  surfaces o r tec tog lyphs.
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T he m inera lized  b recc ias  w ere  form ed synchroneously  
and/or penecon tem poraneously  w ith  th e  em placem en t o f  
ores from  an alternating  succession  o f  breccia tion  and  m in ­
eralization  episodes in  w h ich  th e  successively  younger ore 
m inerals enveloped  the c lastic  p roducts o f  earlie r b recc ia ­
tion and  m inera liza tion  ep isodes (S ass-G ustk iew icz, 
1975b). A s seen  in p lan  v iew , the b recc ia  bodies reveal con ­
centric and  zonal a rrangem en t, w ith  succesively  younger 
stages o f  m inera liza tion  covering  progressively  m ore ex ­
tended  areas. Such a  re la tionsh ip  im plies tha t both  the karst 
recep tacles and  the ores re s id en t in them  are p roducts o f  the 
sam e form ative p rocesses an d  th a t the ir coex is tence  in  space 
is no t due to  an acciden ta l superposition  o f  un re la ted  events. 
This conclusion  can be  ex tended  to  cover the unco llapsed  
m inera lized  karst cav ities. T he banded  ore crustifications 
pass from  in terfragm en tal vo ids o f  the b reccias into such 
cavities w ithou t in terrup tion .

S ignificantly , the m in era lized  karst cavities seldom , if  
ever, occur in lim estones. T h is b ehav iou r m ay  be explained  
by the increased  p erm eab ility  o f  coarse-crysta lline  O B D  
and by the fact that a t tem pera tu res  above 40 °C, the do lo ­
m ite is m ore soluble th an  lim estone  (M andy, 1945, fide 
Jakucs, 1977).

T he d isso lu tion  m o tiv a ted  o rig in  o f  m inera lized  b rec­
cias in the T riassic stra ta -bound  deposits is ignored, m in i­
m ized or re jec ted  by au thors w ho  insist on their true tec ton ic  
derivation  (e.g., K ib itlew sk i, 1993; S zuw arzynski, 1983, 
1993). T he p rev iously  ind ica ted  characteristic  features o f  
the b reccias in question , how ever, are incom patib le  w ith  
their a lleged  true tec ton ic  origin.

O ur in terpre tation  is a lso  partly  questioned  by A m eri­
can investigators. The m o o t po in t in the d ispute is the p res­
ence o r the alleged p resence  o f  “p re -o re” b reccias in the 
O BD , p roduced  by d isso lu tion  m otivated  collapse, inde­
penden tly  o f  the tran sfe r o f  m inera liz ing  solu tions. L each et 
al. (1996a) use the term  “pre-o re  b recc ia” to  describe “d is­
solution co llapse breccias w hich  lack  d iagnostic  ev idence o f  
invo lvem ent o f  e ither m eteoric  o r hydro therm al flu ids and 
w hose form ation  predates th e  em p lacem en t o f  ore m inera ls” 
(I.e. p. 45) T he above m en tioned  au thors conclude that 
“m any  ore-bearing  breccias in the  S ile sian -C raco w  reg ion  
are R E P L A C E M E N T  B R E C C IA S  (cap ita l letters by  the 
presen t authors) th a t a re  th e  resu lt o f  superposition  o f  ore 
stage d issolution  and hyd ro therm al b reccia tion  on a p re-ore  
breccia  and the selective rep lacem en t o f  p re-o re  karst b rec ­
cias by su lfides” (I.e. p. 46 ). In m atrix -supported  breccias, 
the m atrix  is p re fe ren tia lly  sub jected  to  d isso lu tion  and  re ­
p lacem ent, bu t from  th is it does no t fo llow  tha t the m etaso- 
m atic p rocess is superim posed  upon th e  p re-o re  b recc ia  un ­
re la ted  to the transfer o f  m in era liz in g  solu tions (see below ).

L each et al. (1996a) suggest th ree possib ilities fo r the 
developm ent o f  m inera lized  breccias in the O B D : 1 -  m e te ­
oric karst system  developed  p rio r to  the in troduction  o f  ore- 
form ing flu ids w hich a lte red  and  en larged  the orig inal, m e­
teoric co llapse b reccias, 2 -  the pre-o re  b reccias developed  
from  an earlie r hydro therm al event, w hich  w as unrelated  to  
ore em placem en t and, 3 -  hydro therm al karst m igh t have 
form ed during  the initial in troduction  o f  o re-fo rm ing  fluids 
bu t p rio r to  the deposition  o f  su lfides (I.e. p .46). T he p oss i­
b ilities suggested  have a lready  been  discussed , in a som e­

w hat sim ilar w ay, by  D zu lynsk i &  Sass-G ustk iew icz  (1985, 
p .4 0 0 ).

T he above listed  poss ib ilities  requ ire  the fo llow ing  
com m ents:

ad 1. Indeed  bo th , the u n a lte red  T riassic  h o st stra ta  and 
the O B D  reveal m eteo ric  kars t fea tu res  be long ing  to  the 
th ree periods o f  m eteoric  karstifica tion : p re-Ju rassic , L ow er 
T ertiary , and  P le is to cen e -R ecen t. T hese  m eteo ric  kars t fea ­
tu res developed  u nder ox id iz ing  conditions. O n the o ther 
hand , th e  m inera lized  karst fea tu res in  th e  O B D  do no t show  
any  ev idence o f  hav ing  b een  d eve loped  under ox id izing  
conditions and  no  coeval karst b reccias o f  th is ty p e  have 
ev er been observed  in  the  host s tra ta  ou tside  the O B D . The 
sheet cavities w h ich  are charac te ristic  o f  hyd ro therm al karst 
ores (ribbon  ores) are also  absen t in non -m inera lized  car­
bonates. T he ribbon  ores, in te rp re ted  as p ro to -karst features, 
are rep resen ta tives o f  the  first s tage in deve lopm en t o f  h y ­
dro therm al karst phenom ena  (S ass-G ustk iew icz , 1993; 
D zulynsk i &  S ass-G ustk iew icz, 1993). T he m inera lized  co l­
lapse b reccias rep resen t the m atu re  stage o f  such develop­
m ent. S um m ing up, the m in era lized  breccias resu lted  p ene­
con tem poraneously  o r synch ronously  w ith  deposition  o f  
ores and  have never been  pre-o re  m eteo ric  karst features.

In the O B D , there  are L ow er T ertia ry  sinkholes con ta in ­
ing  clastic  fragm ents o f  ores derived  from  earlie r m inera li­
zations. Such sinkholes w ere  p ro d u ced  during subaerial ero­
sion fo llow ing  the re trea t o f  th e  C retaceous sea. Som e o f  
them  becam e innudated  by  the M iocene  transg ression  and 
partly  filled  w ith  m arine  sed im en ts (P anek  &  Szuw arzynski, 
1975). I f  th is is the case, the sinkho les m ay  contain  rem o­
bilized  galena  crystals in shells o f  M iocene m olluscs a t­
tached  to  the w alls o f  sinkholes (B ogacz  et a l ,  1973b).

ad. 2 T here is no ev idence th a t m inera lized  karst cav i­
ties in the O B D  developed  from  an earlie r hydro therm al 
fluid event, un re la ted  to  the ores in them .

ad. 3 The th ird  possib ility  is no t at variance w ith  the 
concep t o f  hydro therm al o re-fo rm ing  karst p rocesses. The 
form ation  o f  voids p receded  sho rtly  the em placem ent o f  
ores, but both  p rocesses w ere  penecon tem poraneouss and 
parts o f  the sam e form ative event.

B rie f com m ents are needed  on  breccias w h ich  appear to 
be only  partly  m ineralized . Such b reccias m ay  give the im ­
pression  tha t m inera liz ing  so lu tions invaded  the pre-o re  m e­
teoric  karst structures. M in era liz ing  solu tions, how ever, 
m ay  deposit su lfides in m ore p erm eab le  parts o f  b reccias, 
leav ing  o ther parts  o f  the b reccias apparen tly  barren  o f  ore 
m inerals. N everthe less, such seem ing ly  barren  portions in­
v ariab ly  contain  sm all am ounts o f  d ispersed  sulfides.

L arge co llapse b recc ia  bod ies in  the  U pper S ilesian  re­
g ion are p referen tia lly  located  a lo n g  the low erm ost m etaso- 
m atic  boundary  o f  the O BD . T h is boundary  approxim ates 
the top  lim it o f  the G ogolin  beds w hich  consist o f  fine-c ry s­
talline, th in- to  m ed ium -bedded  lim estones in tercalated  w ith 
m arls. T he G ogolin  beds p rov ided  an im perm eab le  floo r for 
ho rizon ta lly  spread ing  do lom itiz ing  solu tions. T he fo llow ­
ing, heavy  and  aggresive m inera liz ing  so lu tions also m oved  
a long  such an in terface, tak ing  advan tage  o f  an increased  
poros ity  o f  the coarse-crysta lline  O B D .

C onverg ing  in  m ore passab le  conduits, these solu tions 
could  d isso lve sizab le  caverns w h ich  w ere sub ject to  ro o f
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failures in  bedded  and c racked  do lom ites. Inasm uch as the 
ro o f  failures p ropagated  u p w ard s, invo lv ing  successively  
the overly ing  dolom itic  beds, the rock  fragm ents m aking  up 
the breccia  body  consist exc lu s ive ly  o f  the O B D .

BRECCIAS NOT RELATED TO ROOF 
FAILURES OF CAVERNS

N ot all o f  m inera lized  b reccias in the O B D  m ay be a t­
tribu ted  to  ro o f  failu res o f  caverns. W ith  hydro therm al karst 
phenom ena, new  b recc ia ting  factors com e in to  action  such 
as “hydrau lic  fracturing” an d  “hyd rau lic  exp losions” (M uf­
fler et al., 1971; Phillips, 1972). T he hydro therm al exp lo ­
sions result from  rap id  tran sfo rm ation  o f  w ater into steam  
and m ay  d isrup t the co n fin ing  rock. A lso  a  sudden  drop in 
pressure m ay  burst it apart w ith  th e  onse t o f  d ila tancy  (e.g. 
B ridgem an, 1952; K ents, 1964). T he above m en tioned  p roc­
esses have p layed  a  dom inan t ro le  in the form ation  o f  brec- 
ciated, vertical ore veins w h ich  served  as channelw ays for 
ascending ore fluids (D zufynsk i, 1976; D zufynski &  Sass- 
G ustk iew icz 1978; 1985). T h ey  also  m igh t have  operated  as 
contributory  agen t in b recc ia tion  o f  the  host dolom ite. The 
p resent w riters, how ever, do  n o t consider the hydro tec ton ics 
as the key factor in the fo rm ation  o f  large breccia  bod ies in 
the O BD , as suggested  by Ja ro szew sk i (1993).

B recciation  is also p ro m o ted  by  the d isrup ting  action  o f  
m inerals crystalliz ing  in frac tu res  (e.g. “b reche d ’eclate- 
m en t” -  G ignoux  & A vn im elech , 1937 or “ chem ical b rec­
c ia tion” -  Saw kins, 1969). T h is p rocess  is particu larly  com ­
m on in the O B D  w hich is pa rtly  affec ted  by  so lu tional d is­
aggregation . T he so lu tional d isaggregation  m ay  be  p art o f  
hydro therm al karst phenom ena . It is effec ted  by  d isso lu tion  
o f  crystal edges, w hereby  the  solid  rock  is de lith ified  and 
transform ed into a  soft, struc tu re less m ass o f  incoheren t or 
sem i-coheren t grains in w h ich  all traces o f  p rim ary  struc­
tures are obliterated .

T he d isaggregated  g ra ins and  c layey  residuals w hich 
tend  to accum ulate  at the bo tto m  o f  caverns m ay  be  red ep o ­
sited by the flow  o f  m inera liz ing  so lu tions (B ogacz  et al., 
1973b). M assive or p iecem eal ro o f  failu res also  stir the un ­
conso lidated  bottom  m ateria ls  g iv ing  rise to clouds o f  sus­
pensions w hich  m ay  sp read  la tera lly  in the form  o f  sub terra­
nean tu rb id ity  currents (D zufynsk i &  Sass-G ustk iew icz, 
1980).

D isaggregated  do lom ites, re fe rred  to as “ sanded” (L ow ­
ering et al., 1949) or “p u lv e ru len t” (Jakucs, 1977) p rov ide 
favorable conditions for an  u nh indered  grow th o f  sulfide 
m inerals. Such m inerals ten d  to  line the boundaries o f  d isag­
gregated carbonates in the fo rm  o f  d rusy  incrustations p ro ­
jec tin g  w ith  the ir free cry s ta l faces in to  the  d isaggregated  
m ass o f  grains. T his ty p e  o f  ore  m inera liza tion , first de­
scribed from  the U pper S ilesian  ores (B ogacz  et a l., 1973b), 
has been  indicated  as “am m o b las tesis” (D zufynsk i &  Sass- 
G ustk iew icz, 1985).

Solutional d isaggregation  m ay  p roceed  concurren tly  
w ith the am m oblastesis and  m ay  con tinue  after the em place­
m ent o f  ore m inerals. In such  situa tions, the su lfide incrusta­
tions becom e suspended  in a  m ass o f  incoheren t g rains and, 
devoid  o f  so lid  support m ay  b reak  into still sm aller frag­

m ents. A lso  the p reex isting  bedd ing -con tro lled  ore  veins are 
affected  by such breccia tion . W ith  p rogressing  d isaggrega­
tion  they  becom e fragm en ted  and  d isp laced , though  som e o f  
them  are still a ligned  in strings, m ark ing  th e  orig inal p o si­
tions o f  veins (D żułyńsk i &  Sass-G ustk iew icz , 1978 -  Fig.
2, 1 9 8 5 - F i g .  26).

F ragm ents o f  do lom ite  de tached  from  side-w alls o f  co l­
lapse b reccias or cavities, w h ich  are en tire ly  enclosed  in soft 
m atrix  o f  incoheren t grains, are su b jec t to specific  ty p e  o f  
“se lf-b reccia tion” . Such fragm ents, w eakened  by  incip ient 
d isaggregation , y ie ld  to  w eak  stra ins and  break in to  sm aller 
p ieces a long  the p re-ex isting  cracks. T hese d iscontinu ities 
are w id en ed  by in jec ted  d isaggregated  g rains and  disrup ting  
grow th o f  autigen ic  su lfide crysta ls  and  form  a k ind  o f  “m i­
cro -crack le  b reccias (D żu łyńsk i &  Sass-G ustk iew icz , 1985; 
S ass-G ustk iew icz  et al., 1982 -  F ig . 23).

RELATIONSHIP OF ORE BODIES 
IN TRIASSIC CARBONATES TO 

TECTONIC FAULTS

A  key  tenet o f  m any  in terp re ta tions o f  s tra ta-bound  ores 
in th e  T riassic  o f  U pper S ilesia is th a t the tec ton ic  faults 
w h ich  affect the host stra ta  have p lay ed  an im portan t ro le  in 
the fo rm ation  and  d is tribu tion  o f  ore  bodies (e.g. G ałkie- 
w icz, 1983; Szuw arzyńsk i, 1993; K ib itlew sk i & G órecka, 
1988; K ib itlew sk i, 1993). T he p oss ib ility  th a t som e o f  these 
faults have been  associa ted  w ith  early  C im m erian  m ove­
m ents has also  been  invoked  (e.g. P iekarsk i, 1965; S zuw ar­
zyński, 1983). T he d irec t re la tionsh ip  o f  th e  stra ta-bound  
ore to  p re- or syn-o re tec ton ics is n o t c learly  reco rd ed  in 
m ine w ork ings bu t appears from  sta tistica l analyses o f  d is­
tribu tions o f  the ore bod ies (B lajda, 1993; S ass-G ustk iew icz 
et a l ,  1997).

T he U pper S ilesian  reg ion  w as affec ted  by  early  C im ­
m erian  m ovem ents w h ich  appear to  be recorded  by  som e 
sed im en tary  structures (Szulc, 1993). T he early  C im m erian  
faults m igh t have and  p resum ab ly  d id  fo llow  the pattern  o f  
earlie r tecton ic  frac tu res a lthough  th e ir  am plitude w as m uch 
sm aller than  tha t o f  the V ariscan  faults (H erb ich , 1981; 
G órecka, 1993). H ow ever, the m ajo rity  o f  faults w h ich  tran ­
sect and  d isp lace  the s tra ta-bound  ore bod ies in the T riassic 
are post-o re  phenom ena  re la ted  to  E arly  T ertiary  and  N e o ­
gene tec ton ics. A s no ted , the early  T ertiary  faults w ere asso ­
c iated  w ith  local regenera tion  and  rem ob iliza tion  o f  p reex ­
isting  su lfide ores and w ere  responsib le  for in sign ifican t 
fau lt-hosted  m inera liza tion  o f  Ju rassic  lim estones.

AGE OF STRATA-BOUND MINERALIZA­
TION IN TRIASSIC CARBONATES

A ge o f  the su lfide m inera liza tion  in  T riassic  carbonates 
has long  been  a bone o f  con ten tion  betw een  p roponen ts o f  
“syngenetic” and  “ep igene tic” in terp re ta tions. In spite o f  
p ro longed  d iscussions no  concensus o f  op in ion  has been  
reached  on this subject.

T he synsed im en tary  n on -hyd ro therm al in terpre tation , 
once popu lar (e .g .,G uerich , 1903; S tappenbeck , 1928; K eil,
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1956; G ruszczyk , 1967; S m olarska, 1968) is now  genera lly  
abandoned. Som e p roponen ts o f  ep igene tic  in terpre tations 
suggest post-U pper Ju rassic  and /o r T ertiary  age o f  the 
stra ta-bound  sulfide o res in T riassic  carbonates, re la ting  this 
m ineralization  to the “A lp in e  tec to n ics” in  the C arpath ians 
(e.g. A lthans, 1891; Sachs, 1930; H arańczyk , 1979; K oz­
łow ski, 1995; G órecka  e t a l ,  1 9 9 6 ;) . A s an argum ent in fa­
vor o f  such in terpre tation , they  p o in t to  th e  m inera liza tion  in 
U pper Ju rassic  lim estones located  along  the early  T ertiary  
faults. T his concep t has b een  recen tly  accep ted  by A m erican  
investigators (L each  &  V iets , 1993; L each et al., 1996a, 
1996b; C hurch  et al., 1996) and  supported  by  Sym ons et al. 
(1996) on the basis o f  pa leom agnetic  investigations o f  ore 
sam ples. It should  be b o rn  in m ind , how ever, tha t L ow er 
T ertiary  fau lt-hosted  ores m ay  be superim posed  upon the 
stra ta-bound  deposits, w h ere  these deposits are cu t by 
L ow er T ertiary  faults. Such  situa tion  requ ires p rec ise  local­
ization o f  sam ples and  th e ir  p resen ta tion  against the b ack ­
ground o f  o re  structures in  th e  sam pling  site. T he sam ples 
investigated , how ever, do  n o t sa tisfy  th is requ irem ent. 
M oreover, any  genetic h y p o thesis  exp la in ing  the orig in  o f  
M V T -deposits m ust be in acco rd  w ith  all aspects o f  geolog ic  
setting tha t existed  a t th e  tim e  the deposit w ere  form ed 
(O hle, 1980). The T ertia ry  in terp re ta tion  o f  the stra ta-bound  
ores d iscussed  is d ifficu lt to  reconcile  w ith  fie ld  evidence.

As noted , the stra ta -bound  su lfide ores are p re-Ju rassic  
because C allov ian  sed im en ts rest w ith  transgressive overlap  
upon the eroded  surface o f  the O B D  w hich  w as form ed 
penecon tem poraneously  w ith  the em p lacem en t o f  su lfide 
ores. The low erm ost non -m arine  Ju rassic  sed im ents have 
been reported  to  rest on  a kars tified  surface o f  the O B D , 
w hereby  the ores them selves have already  been sub jected  to 
w eathering  and  ox idation  (e.g . Petrascheck , 1918; P iekar­
ski, 1965).

T he presence  o f  su lfides in Ju rassic  lim estones gave rise 
to  the concep t o f  m ulti-stage  m inera liza tion  ex tended  over a 
long tim e in terval from  U pper T riassic  to L ow er T ertiary  
(e.g., R óżkow ski et al., 1979; Szuw arzyńsk i, 1983). The 
early  T ertiary  m inera liza tion , how ever, as com pared  w ith 
the T riassic  m ineralization , to o k  p lace  under en tire ly  d iffer­
ent tecton ic , structural and  env ironm enta l settings. T his 
m ineralization  is fau lt-hosted  im poverished  (S zuw arzyńsk i, 
1983) and does no t occur in  the form  o f  stra ta-bound  bodies. 
T he em placem en t o f  s tra ta -bound  ores w as an earlie r and 
separate even t and not a  step  in a long-lasting  m ineralization  
process, em bracing  Ju rassic  and  C retaceous carbonates (see 
later).

The concep t that the stra ta -bound  su lfide ores w ere  em - 
p laced in post-U pper Ju rassic  o r post C retaceous tim e raises 
a num ber o f  questions w h ich , under such assum ption , re ­
m ain unansverable:

1 -  W hy ascending  hydro therm al so lu tions d id  no t 
spread la terally  th rough  perm eab le , sandy  B ath o n ian -C a l- 
lovian sedim ents ?

2 -  W hy d id  they  d ep o sit the bu lk  o f  the ir base m eta ls in 
the M uschelkalk  and no t in b ed d ed  U pper Ju rassic  o r C re ta ­
ceous carbonates?

3 -  W hy, in Ju rassic  o r C re taceous carbonates is there  
no th ing  com parab le  to th e  O B D ?

O n the o ther hand, th e  p re -Ju rass ic  age o f  stra ta-bound

deposits exp lains the bedd ing -para lle l deposition  o f  ore- 
bodies. T he do lom itiz ing  so lu tions fo rerunn ing  the em ­
p lacem en t o f  su lfides, cou ld  sp read  la terally , tak ing  advan­
tage o f  h igh  p rim ary  porosity , w ith o u t be ing  inh ib ited  o r de­
v ia ted  by  faults. T he fo llow ing  m inera liz ing  and  aggresive 
solu tions u tilized  th e  secondary  p o ros ity  o f  coarse c ry s ta l­
line tex tu re  o f  th e  do lom itic  neosom e. F inally , the p re -Ju ras­
sic age o f  m inera liza tion  is co n sis ten t w ith  w h a t is know n  o f  
m any  o ther M V T  deposits, n am ely  the p rox im ity  o f  such 
deposits to  a  reg ional unco n fo rm ity  above the host strata. 
T he M V T  deposits or, a t least m o s t o f  them , w ere  em placed  
close to  the con tem porary  E arth  surface.

W e do no t know  exac tly  w h en  m inera liz ing  solu tions 
started  to  invade the T riassic  pa leo aq u ife r and  how  long the 
inflow  o f  such solu tions lasted. T he tim e in terval in w hich 
the passage  o f  m inera liz ing  so lu tions persisted , estim ated  by 
R epetsk i &  N ark iew icz  (1996) as o f  the order 1,000 to  5,000 
years, is p resum ably  too  short. E stim ations b y  L ew chuk  & 
Sym ons (1996) for th e  M V T D  from  1 to  8 M y apear to  be 
m ore realistic .

T he beg inn ing  o f  in flow  o f  m inera liz ing  solu tions b e ­
gan a fter m uch, i f  no t all, o f  the  M u sche lka lk  succession  had 
been  deposited . It is possib le  th a t a  certa in  am oun t o f  m etal- 
bearing  solu tions m ig h t h av e  leaked  in to  th e  sea  w ater. P er­
haps, the sm all quan tities o f  d ispersed  sulfides reported  
from  the upperm ost lagunal T riassic  sed im ents bear ev i­
dence to  th is ev en t (“d ip logenetic  o res” -  L ow ering , 1963). 
Indeed, subm arine exhala tions o f  o re  flu ids have  been  sug­
g ested  (E kiert, 1957; P rzen iosło , 1974; H arańczyk , 1993). 
H ow ever, the ox id iz ing  and  h igh  energy  sed im en tary  en v i­
ronm ent o f  the M uschelkalk  w as n o t conducive  to  any  sig­
n ifican t accum ulation  o f  su lfide deposits  on th e  sea floor 
(S ied leck i, 1955; K rajew ski, 1957). C onsequen tly , the 
s tra ta-bound  deposits in the T riassic  are ep igenetic  w ith  re­
spect to  the host strata, no t because  the ore flu ids cou ld  not 
reach the bo ttom  surface, bu t because  m ost o f  the m etals had 
p rec ip ita ted  befo re  reach ing  the b o tto m  and  because  o f  the 
lack  o f  su itab le  recep tac les on th e  sea  floo r (D żu łyńsk i & 
S ass-G ustk iew icz, 1980).

T he above in terp re ta tion  does n o t debar the possib ilty  
tha t the inflow  o f  ascend ing  hydro therm al so lu tions con tin ­
ued a fter the re trea t o f  the T riassic  sea. T he prev iously  m en­
tioned  lacustrine W oźniki lim estones (K euper) rep resen t hot 
spring  deposits, as final p roducts o f  hydro therm al activ ity  
tha t ea rlie r resu lted  in d isso lu tion  o f  karst cav ities and  em ­
p lacem en t o f  ores (B ogacz  et al., 1970). T he ho t w aters, 
w h ich  p rec ip ita ted  ca lc ium  carbonate , how ever, w ere  de­
p le ted  o f  base m etals. Sm all am oun ts o f  d ispersed  sulfides 
have also  been  repo rted  from  bo th  th e  K euper and  R aethian  
sed im ents (A ssm an, 1948; E kiert, 1957, 1971; B ednarek  et 
al., 1983; Szuw arzyńsk i, 1996). T he K euper clays, how ­
ever, d id  no t ac t as a  d iversionary  barrier for m inera liz ing  
so lu tions because  there  is no concen tra tion  o f  ores beneath  
these  clays.

F rom  the fo rego ing  considera tions, it appears th a t the 
age o f  the s tra ta-bound  su lfide  o res is late T riassic  (com p, 
also  E kiert, 1957; P rzen iosło , 1974). Such ores are “ep ige­
ne tic” w ith  respec t to  the enc lo s ing  M uschelkalk  carbonates 
bu t are “syngene tic” on the scale  o f  T riassic  sequence as a 
w hole. T here is y e t ano ther line o f  suppo rt in th is respect.
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A ccord ing  to  recen t p re lim in ary  investigation  by  B anaś et 
al. (1996) on illitization  o f  sm ectite , there  w as a  d istinct 
therm al even t by the end  o f  T riassic  tim e w hich  resu lted  in 
sign ifican t rise o f  tem pera tu re  o f  th e  T riassic  stra ta  o v erly ­
ing the U pper C arbon iferous (see later). In  th is connection  it 
is to be recalled  that ea rly  iso top ic  age determ inations o f  
ores from  U pper S ilesia by  B orucki (1978) have led h im  to 
conclude th a t the range o f  “ ana ly tica l e rro rs” , 40  and  220 
M y “im pairs the re liab ility ” o f  these  determ inations. H ow ­
ever, the first age (40 M y) co rresponds to  P aleogene and  the 
second (220 M y) to  the late T riassic . T h is is in  agreem ent 
w ith  the tw o  separate epochs o f  o re  m inera liza tion  postu ­
lated by th e  p resen t authors.

DERIVATION AND TRANSFER 
OF MINERALIZING SOLUTIONS

The orig in  o f  ore flu ids w h ich  em p laced  the sulfide ores 
in T riassic carbonates is a  m atte r o f  con jec ture . H ypotheses 
concern ing  their derivation  are based  on  p reconcep tions 
rather than on d irect observations, because  such observa­
tions are lacking.

T he m ineralization  “per d escendum ” from  overly ing  
rocks (e.g. A lthans, 1891; Sachs, 1930; A ssm ann, 1948) is 
now  abandoned , because  these  rocks are e ither barren  or 
con tain  too little base m etals to  accoun t fo r large strata- 
bound  deposits. For sim ilar reasons, it is un likely  th a t the 
m etals have been derived  from  com pac tion  b rines residen t 
in Triassic host stra ta  or from  reconcen tra tion  o f  d ispersed  
sed im entary  ore m inerals by  c ircu la ting  g round  w aters (e.g. 
S tappenbeck, 1928). T he T riassic  host stra ta  do n o t show  
any ev idences o f  such circu la tion .

O n one po in t ag reem en t has been  reached , nam ely , tha t 
the ores w ere em placed  by  ascend ing  hydro therm al so lu ­
tions. T his is also  ind ica ted  by o re-flu id  inclusions w h ich  re­
veal the p resence o f  vertica l therm al flu id  grad ien t po in ting  
to the coo ling  o f  these flu ids tow ards the E a rth ’s surface 
(K ozłow ski, 1995). P resen tly , the d iscussion  is cen te red  on 
m igration rou tes o f  ore flu ids, th e ir d riv ing  force and the 
source o f  base m etals.

The m ineraliz ing  so lu tions have gained  access to  the 
M uschelkalk  through fo lded  and  frac tu red  L ow er P aleozo ic  
rocks o f  the p rev iously  m en tioned  K rak ó w -L u b lin iec  F rac­
ture Zone. E vidence for th is is seen in verica l or subvertica l 
ore veins located  in fau lts and  fractures tha t tran sect these 
rocks. In p laces o f  in tersec tion  o f  such tec ton ic  d iscon tinu i­
ties, the ore bodies m ay  assum e ch im ney-, o r p ipe-like 
shapes (K w aśniew icz, 1932). It shou ld  be no ted  tha t large 
accum ulations o f  Z n-Pb  ores in T riassic  carbonates occur 
p referen tia lly  w here the un d erly in g  Paleozo ic  rocks are 
strongly tec ton ized  (M ichael, 1904).

The faults and frac tu res m en tioned  are  m an ifestations 
o f  late V ariscan  o rogeny  assoc ia ted  w ith  an eleva ted  heat 
flow  (B elka &  S iew niak-M adej, 1996). A s noted , in van ing  
stages o f  this o rogeny, the  m o v em en t a long  these  d iscon ti­
nuities m ight have con tinued , du ring  the onset o f  T riassic  
cycle o f  sed im entation  (H erb ich , 1981), as is the case w ith  
recent post-A lp ine  neo tec ton ics . Som e o f  the faults m ight 
have been reactiva ted  during  E arly  C im m erian  o rogeny

(S zuw arzyńsk i, 1983).
M ineralog ical com position  o f  these  fau lt-hosted  ore 

veins in Paleozo ic  rocks m ay  be s im ila r to  th a t o f  the strata- 
bound  deposits (G órecka, 1973). T he ore veins reveal also 
sim ilar b reccia tion  w hich  is exp la ined  in term s o f  hydrau lic  
frac tu ring  (D żułyńsk i &  S ass-G ustk iew icz  1985). Such 
breccia tion  m ight have been  a ssoc ia ted  w ith  “se ism ic p um p­
ing” (S ibson  et al., 1975; S ibson, 1987), as is the case  w ith 
recent, earthquake genera ted  v io len t expu lsions o f  ho t m in ­
era liz ing  so lu tions (L ebedev , 1974).

T he ore veins are particu la rly  w ell d eve loped  in fo lded 
L ow er C arbon iferous and  D evon ian  carbonates. T hese  car­
bonate  rocks stood  h igh  in p re-T riassic  topog raphy  in the 
form  o f  “knobs” w hich  are  considered  characteristic  o f  the 
M V T  deposits (“o re-knob  re la tio n sh ip ” -  O hle, 1996). F rom  
such knobs, the ascend ing  so lu tions cou ld  easily  cross the 
Paleozo ic /T riassic  unconfo rm ity  and  en te r d irec tly  into 
ho rizon ta lly  d isposed  M uschelkalk  carbonates (A lexandro- 
w icz, 1971).

T he form ation  o f  ex tensive stra ta -bound  deposits  re ­
quires a  v igorous flow  o f  large vo lum es o f  m eta l-bearing  so ­
lutions. T o satisfy  this requ irem en t such  solu tions m ust have 
already  been m ade availab le  and  it is reasonab le  to accep t 
the idea o f  deep-seated  “fossil rese rvo irs” as a  possib le 
sources (Fyfe et al., 1978). T he d ra in ing  o f  such reservoirs 
m ust have been  very rap id  and  w ith  the  appearance  o f  the 
prev iously  m en tioned  ac tive  tec ton ic  fractures the ore fluids 
w ere  ab rup tly  re leased  (D żu łyńsk i &  Sass-G ustk iew icz,
1985).

D erivation  o f  o re-flu ids, d riv in g  forces, th e  routes o f  
their m igration  and  the u ltim ate  source  o f  base  m etals are 
open  to d iscussion. S ince the stra ta -bound  ores are pre-Ju- 
rassic  (see above), both  the up lift and  th rust o f  the C arp a ­
th ian  nappes could  no t have been  the d riv ing  m echan ism  for 
ore flu ids, as env is ioned  by  som e investiga to rs (e.g. Sym ons 
e ta l.,  1995; L each e t al., 1 9 9 6 b - F ig .  37). T he C arpath ians 
as an orogen ic  belt d id  no t ex ist in  T riassic  tim e. T he deve l­
opm ent o f  the C arpath ian  geosync line  had  only  ju s t began 
and the accum ulation  o f  th ick  (7 -8  km ) flysch  sequence 
started  by  the end  o f  the Ju rassic  (T ithon ian ) and  has co n tin ­
ued till the  M iddle M iocene. A t th a t tim e, the sed im entary  
flysch  basins w ere  situated  fa r aw ay  to  the south. T herefore  
the fo rm ation  m odel dep ic ted  in Fig. 37 in the publication  
by L each et al., (1996b), is m islead ing . A dm itted ly , to  the 
south o f  the p resen t occurrences o f  C en tra l E uropean  
M uschelkalk , there  ex isted  a  land  area  w hich  m igh t have 
g iven rise to  topog raphy  driven  flow  o f  ore flu ids (com p. 
Pelissonier, 1965, R óżkow ski et al., 1979; C hurch  & 
V aughn, 1993), bu t ev idence in th is respec t is inconclusive.

A n a lternative to the long-d istance  la teral flow  o f  h y ­
dro therm al fluids, is the short-d istance  flow  from  sources lo­
cated  nearby  beneath  the p resen t occurrences o f  strata- 
bound  deposits. W odzick i (1987) suggested  a reasonable  
hypothesis tha t the ores under considera tion  resu lted  from  
ep isod ic  expulsion  o f  ore fluids from  C arbon iferous stra ta  
during E arly  C im m erian  orogeny . T he C oal M easures are 
occasionally  cu t by  ore veins, bu t these  veins m ay  also  be 
in terp re ted  as channelw ays o f  ore flu ids derived  from  pre- 
C arbon iferous rocks (e.g. K osm ann , 1883; R rusch , 1929).

A s is the case w ith  m any  o th e r M V T  deposits, the
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strata-bound  ores under co nsidera tion  do no t reveal any  d i­
rect re la tionsh ip  to igneous rocks. M any authors, how ever, 
suggest a m agm atic o rig in  o f  these ores (e.g. K rusch, 1929; 
H arańczyk , 1963, 1984; P a ły s , 1967; G alk iew icz, 1971; K u­
charski, 1996). There is, indeed , a strik ing  spatial coex is­
tence betw een  the loca liza tion  o f  s tra ta-bound  ores in  T rias- 
sic carbonates and  the appea ran ce  o f  igneous rocks in the 
underly ing  Paleozoic stra ta  (B e lka  &  S iew niak-M adej,
1996). It should  also be b o m  in m ind  th a t the K L  lineam ent 
(K L fracture zone) w as a ssoc ia ted  w ith  igneous in trusions 
w hich m ateria lized  in th e  fo rm ation  o f  a  large batho lith  
(R ulski, 1973, K ucharsk i, 1996). W e do no t know  how  long 
it takes fo r a large, d eep -sea ted  batho lite  to loose its last 
m anifestations o f  the th erm al activ ity . Perhaps, the tim e in­
terval be tw een  the last m an ifesta tions o f  igneous ac tiv ity  in 
the Paleozoic and the em p lacem en t o f  Z n-Pb  ores in the Tri- 
assic (c.a. 40  M y) w as no t long enough to p reclude a genetic 
re lationship  betw een these  tw o  events.

P rzeniosło  (1974) is read y  to accep t such a possib ility . 
He suggests tha t the V ariscan  m agm atism  and the em place­
m ent o f  stra ta-bound  ores in th e  T riassic  have a com m on 
source. A s an  argum ent in favor o f  this conclusion  he calls 
attention to the opin ion  o f  F rench  au thors (S arcia  et al., 
1958) tha t in the C entral M assif, the o re-fo rm ing  h yd ro ther­
m al activ ity  re la ted  to  late P aleozo ic  in trusions o f  g ran itic  
m agm a m ay be traced  in T riassic  and  L ow er Ju rassic  strata. 
As know n, the hydro therm al ore fo rm ing  solu tions m ay  re ­
m ain for a  long tim e in  th e  so ca lled  “ fossil w ater reser­
vo irs” .

As a co lorary  o f  m agm atic  orig in  o f  ore flu ids o r as an 
alternative exp lanation  is th e  genera tion  o f  heat and  the sub­
sequent regeneration  o f  L ate  Paleozo ic  ores as a conse­
quence o f  geolog ic  evo lu tion  o f  the E a rth ’s crust. T he M V T  
deposits tend  to  occur a t spec ific  stages o f  such evolution . 
These stages co rrespond  to  th e  g lobal b reak-up  o f  p lates and 
the beg inn ing  o f  new  geosynclines in the E a rth ’s h istory . 
Such tu rn ing  points in the ev o lu tion  o f  the E a rth ’s crust are 
invariab ly  associated  w ith  sign ifican t heat flow . T he em ­
placem ent o f  the U pper S ilesian  s tra ta-bound  sulfide ores 
occured in the T riassic  w h ich  reflec ts th e  Pangean  break-up  
fo llow ing  the E arly P erm ian  assem bly  o f  Pangea  (e.g. 
T ram py , 1982; V eevers, 1989). It is thus tem pting  to  in ter­
p re t the orig in  o f  the U p p er S ilesian  stra ta-bound  sulfide 
ores in term s o f  g lobal p la te  reo rgan iza tion  (P rzen iosło , 
1974; Pałys, 1967; D żu łyńsk i &  S ass-G ustk iew icz, 1985).

S um m ing up, w ith  the  p resen t state o f  know ledge it is 
d ifficult to p rovide re liab le  ev idence  concern ing  the source 
o f  base m etals. The possib ility  o f  a  long d istance flu id  flow  
from  unknow n or hypo thetica l source beds cannot be d is­
carded. H ow ever, the source  o f  m eta l-bearing  flu ids m ay 
w ell be searched  in deep er parts  o f  the crust, below  the p re ­
sent T riassic deposits. In a  specu la tive  reconstruction  o f  the 
processes w hich  resu lted  in the em placem en t o f  strata- 
bound  sulfide ores w e a rrive  at th e  fo llow ing  ten ta tive  fo r­
m ation m odel. T he p rim ary  m eta l-bearing  fluids w ere o rig i­
nally  re la ted  to the L ate P aleozo ic  igneous activ ity  w hich  
gave rise to  the po lym eta llic  ores. T hese ore fluids or ores 
becam e rem obilized  by  hea t flow  during  the late T riassic  
p la te-tecton ic  reo rgan iza tion  and  redeposited  as strata- 
bound  deposits in the M u sche lka lk  host strata. D uring the

L ow er T ertiary , the flow  o f  hy d ro therm al so lu tions w as re ­
ac tiva ted  and  resu lted  in deposition  o f  econom ically  un im ­
portant, fau lt-hosted  su lph ide ore  veins. T his tim e, indeed, 
th e  fau lting  w as re la ted  to  final th ru sting  o f  the C arpath ian  
nappes. T he hea t genera ted  by  fric tion  o f  rock  m asses along 
the fau lt surfaces rised  th e  tem p era tu re  o f  g round  w aters and 
enab led  the rem obiliza tion  o f  ea rlie r su lfide  deposits.
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Streszczenie

KO M ENTARZ DO GENEZY G Ó RNO ŚLĄSK ICH  
ZŁÓŻ RUD Zn-Pb W  U TW O RACH  TRIASO W YCH

Maria Sass-Gustkiewicz & Stanisław Dżułyński

W związku z ukazaniem się ostatnio szeregu artykułów do­
tyczących genezy złóż rud cynku i ołowiu na Górnym Śląsku, w 
których przypisuje się istotne znaczenie danym pozostającym w 
sprzeczności z faktami geologicznymi, zabieramy raz jeszcze głos 
w sprawie ich genezy. Chociaż po kilkudziesięcioletniej dyskusji 
już nikt nie kwestionuje poglądu o epigenetycznym i hydrotermal- 
nym pochodzeniu, nadal jeszcze pozostały zagadnienia, co do któ­
rych poglądy sąpodzielone. N ależą do nich następujące kwestie: -  
wiek złóż; -  stosunek md do fonu krasowych i tektoniki; -  drogi 
migracji metalonośnych roztworów oraz mechanizmy ich prze­
mieszczania się i depozycji; -  pochodzenie roztworów hydroter- 
malnych i źródło zawartych w nich metali. Pomimo, że przyto­
czona dyskusja koncentruje się na poziomo rozprzestrzenionych 
(strata-bound) złożach rad występujących w utworach triasowych, 
wypływające z niej wnioski dotyczą również złóż rud cynku i oło­
wiu w utworach paleozoicznych, które są  z nimi związane gene­
tycznie.

Zmineralizowana część węglanowych skał otaczających zło­
ża zawiera niezliczone pustki o zróżnicowanej wielkości wskazu­
jące, że procesy rozpuszczania krasowego rozwijały się na każ­
dym etapie rozwoju tych złóż, począwszy od etapu metasomaty- 
cznego (proto krasowego) do etapu krasu dojrzałego. W każdym z 
nich rozpuszczanie krasowe zachodziło równocześnie bądź prawie 
równocześnie z wytrącaniem się rud, na co jednoznacznie wskazu­
ją  zmineralizowane brekcje zawałowe i zmineralizowane osady 
wewnętrzne. Leach i inni (1996), zwracając uwagę na fakt wystę­
powania płonnych brekcji zawałowych oraz powołując się na 
przejawy zastępowania siarczkami ich spoiwa sugerują, że wiele 
ze zmineralizowanych brekcji zawałowych powstało wskutek se­
lektywnego zastępowania spoiwa starszych płonnych “przed-rud-
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nych brekcji” . To z pozoru logiczne rozumowanie nie znajduje po­
parcia w znanych faktach geologicznych dotyczących rozwoju 
zjawisk krasowych w tym obszarze.

Powszechnie akceptowany pogląd, że obserwowana w ska­
łach otaczających złoża tektonika odgrywała w ażną rolę w tworze­
niu się i rozmieszczeniu górnośląskich złóż rud, rozumiany jest: 
często w diametralnie różny sposób. Zdaniem autorów fakty geo­
logiczne dowodzą, że tylko wczesnokimeryjskie uskoki, pokrywa­
jące się z uskokami waryscyjskimi mogą być przed- lub syn- 
depozycyjne z rudami. Większość uskoków obserwowanych w 
złożach, będących rezultatem wczesnotrzeciorzędowej lub neo- 
geńskiej tektoniki, jest jednoznacznie pozłożowa, ponieważ prze­
cina i przemieszcza ciała złożowe. Tektonika ta natomiast spowo­
dowała lokalną regenerację i remobilizację wcześniej zdeponowa­
nych siarczków, które w znikomych ilościach obserwowane są w 
szczelinach jurajskich wapieni.

Opinie o wieku złóż górnośląskich podzielone są pomiędzy 
dwie hipotezy: o mineralizacji przedgómojurajskiej bądź trzecio­
rzędowej związanej z tektoniką alpejską. Ta ostatnia hipoteza zna­
lazła rzekome poparcie w badaniach paleomagnetycznych, któ­
rych wartość może być jednakże kwestionowana ze względu na 
brak realistycznej lokalizacji badanych prób oraz sformułowane 
poniżej zastrzeżenia natury geologicznej. I tak nie daje ona odpo­
wiedzi na następujące pytania: 1 -  Jak wyjaśnić transgresywne 
ułożenie morskich osadów gómojurajskich na zerodowanej i skra- 
sowiałej powierzchni dolomitów kruszconośnych zawierających 
w znacznym stopniu utlenione rudy? 2 -  Dlaczego ascenzyjne 
roztwory mineralizujące nie pozostawiły żadnych śladów minera­
lizacji w przepuszczalnych utworach batonu i keloweju? 3 -  
Dlaczego kruszce wytrącały się tylko w wapieniu muszlowym a 
nie w dobrze uławiconych węglanowych osadach jurajskich lub 
kredowych? 4 -  Dlaczego w wapieniach jurajskich czy kredowych 
nie ma dolomitów kruszconośnych? Przedjurajski wiek okruszco- 
wania wyjaśnia natomiast równoległe do uławicenia rozmiesz­
czenie ciał rudnych. Roztwory dolomityzujące poprzedzające de- 
pozycję siarczkowych rud, wykorzystując zachowaną wciąż pier­
wotną porowatość osadów, mogły z łatwością przemieszczać się 
równolegle do uwarstwienia, zwłaszcza, że w tym czasie osady 
triasowe nie były jeszcze zaburzone dolnotrzeciorzędowymi i neo- 
geńskimi uskokami.

Rozmieszczenie złóż w utworach triasowych na tle późno- 
waryscyjskiej tektoniki wyraźnie sugeruje, że ascenzyjne roztwo­
ry hydrotermalne deponujące złoża siarczków cynku i ołowiu,

przemieszczały się przez zaburzone tektonicznie dolnokarbońskie 
i dewońskie skały węglanowe, najprawdopodobniej w obrębie 
strefy spękań Kraków-Lubliniec (KLFZ) oraz stref uskokowych 
Tarnowskich Gór (TGFZ) i uskoku Górnośląskiego (USF) przed­
stawionych na Fig. 1. W skazują na to zarówno obecność żyłowych 
skupień rud o takiej samej mineralogii w  utworach paleozoicznych 
jak i fakt występowania największych nagromadzeń rud w  utwo­
rach triasowych głównie w miejscach gdzie skały podścielające 
były silnie spękane. Zerodowane paleozoiczne skały tworzyły w 
przed triasowej topografii, charakterystyczne dla złóż MVT pasmo 
wysokich wzgórz. Pogrzebane w górnym triasie wzgórza były 
szczególnie dogodnym miejscem, w którym ascenzyjne roztwory 
mogły przekraczać niezgodny kontakt skał i rozprzestrzeniać się 
poziomo w  uławiconych utworach triasowych.

Pochodzenie roztworów mineralizujących jest przedmiotem 
domysłów. Ponieważ powstanie tak rozległych złóż wymaga in­
tensywnego i ogromnego objętościowo przepływu roztworów 
mineralizujących słuszne jest rozważenie idei o głębokich “po­
grzebanych rezerwuarach”, których gwałtowny drenaż następuje 
w warunkach uaktywniania się spękań tektonicznych. Wobec 
przestrzennego związku między skałami magmowymi w paleozo- 
icznym podłożu a okruszcowaniem skał triasowych, istniejącego, 
na wschodnim obrzeżeniu obszaru występowania złóż rud Zn-Pb 
można przypuszczać również, że okruszcowanie tych utworów 
jest przejawem schyłkowej aktywności stygnącej i zapewne w 
znacznej mierze zastygłej już waryscyjskiej masy magmowej.

Jako mechanizm przemieszczania roztworów mineralizu­
jących zwolennicy trzeciorzędowego wieku złóż proponują nasu­
wanie się karpackich płaszczowin -  “ long-distance lateral fluid 
flow”. Z przedjurajskim wiekiem złóż rud natomiast spójne po­
zostają trzy mechanizmy przepływu: -  “topography driven flow” z 
lądu położonego na południe; -  “short distance flow” z zalegają­
cych w pobliżu oraz podścielających złoża triasowe utworów kar- 
bońskich; -  przepływ pionowy z hipotetycznego źródła magmo­
wego.

Należy również pamiętać, że złoża MVT powstawały w ok­
reślonym globalnym stadium rozwoju skorupy ziemskiej. Powsta­
nie górnośląskich złóż, zdaniem autorów, przypadło na okres roz­
padu Pangei, ogólnej tensji i tworzenia się głębokich rozłamów. Z 
takimi zjawiskami wiąże się wzmożony dopływ ciepła, uaktyw­
nienie przepływu roztworów hydrotermalnych jak również 
możliwa jest remobilizacja wcześniejszych generacji minerałów 
kruszcowych.


