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A b s t r a c t :  This paper deals briefly with selected problems concerning the 
hydrothermal karist proicesi&es and the criteria for récognition of such processes in 
the Mississippi Valley type of deposits.

INTRODUCTIO N

By definition, the term karst includes the underground solution 
cavities, collapse breccias and related morphological features consequent 
upon the removal of soluble rocks. Habitually, when thinking of karst 
we have in mind a specific terrain showing characteristic relief and 
a system of caves produced by the action of aggressive, low-temperature 
meteoric waters. Only incidental consideration is given to caves and 
related features produced by hot solutions. The system of caverns pro
duced by hot waters of any origin and the associated deformational and 
mineralogical features that are consequent upon the passage of aggressive 
hydrothermal solutions are indicated by the term „hydrothermal karst” 
(see e.g. K u n s k y  1957, M a k s i m o v i c h  1969).

The problem of hydrothermal karst refers among others, to the 
debatable question of the Mississippi Valley type of deposits (the MV 
deposits). The conclusion reached in recent years by many investigators 
is that a considerable part of Zrn—Pb ores in these and similar deposits 
is closely associated with karst structures (see e.g.; O h l e  1951, 1959, 
C a l l a h a n  1964, 1974, L e l u  1966, K i n g  1966, F o r d  and K i n g
1966, L a g n y  1969, 1974, B o g a c z  et al. 1970, L a u r e n c e  1971, 
M c C o r m i c k  et al. 1971, R o u v i e r  1972, R i d g e  and S m o l a r 
ska 1972, S a s s - G u s t k i e w i c z  1974, 1975 a, b). No agreement, 
however, has been reached 'concerning the relationship between the karst 
structures and the ores resident in them.
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Three main possibilities are here feasible ( W a l k e r  1928): 1 . the 
karst civities originated from hydrothermal solutions penecontempora- 
neously with the emplacement of ores; 2 . the karst cavities were pro
duced by cold meteoric waters before the introduction of hot, ore-bearing 
solutions and; 3. both, the 'karst cavities and the ores originated from 
the action of cold meteoric waters.

The possibilities (1) and '(2) are favoured by exponents of hydro
thermal origin of Zn—Pb sulfides (e.g. M e K i n s  t r y  1955, M c C l e -  
l a n d  and W h i t e  b r e a d  1965, Ho a g i and et al. 1965, R i d g e  
1968, B o g a c z  et al. 1970, S a s s - G u s t k i e w i c z  1974, 1975 a, b). 
The possibility (3) has met with wide acceptance by geologists who 
advocate the sedimentary or exhalative-sedimentary origin of sulfides 
(e.g., L a g n y  1969, 1974, P a d a l i  no et al. 1971, R o u v i e r  1972, 
B e r n a r d  et al. 1972, S m o l a r s k a  and Chu T h u a n  N h a  1972, 
S mo l a  r s ka  et al. 1973, B e rn a rd  1973).

In principle, the first possibility corresponds to the concept of „ther
momineral karst” ( K u n s k y  1957) or „hydrothermal karst” ( B o g a c z  
et al. 1970). Also the second possibility cannot be regarded as distinctly 
separated from the hydrothermal karst processes, inasmuch as in the. 
near surface regions the karst structures may result from a combined 
action of hydrothermal and cold meteoric waters.

The concept of hydrothermal karst is not new insofar as the general 
thought is ‘concerned (Van H i s e  1904). It has been touched upon 
throughout a number of papers devoted to the MV deposits. Indeed, in 
many descriptions iotf such deposits, the ore-filled solution cavities are 
assigned to the same processes whereby the ores have been deposited. 
Accordingly, if the ores are thought to be the products of hydrothermal 
solutions then a further inference and the next logical step is the 
assumption that such solutions are capable of producing the underground 
karst structures ( W a l k e r  1928, L o c k e  1929, T r a i l  1939, O h l e  
1951, 1959, M c C l e l l a n d  and W h i t e b r e a d  1965, H a g n i  and 
Dess  ai 1966, R a d a b o u g h  et al. 1968, R i d g e  1968, B o g a c z  
et al. 1970, and others). Thus viewed the terms „thermomineral karst” 
and „hydrothermal karst” are modern expressions only of old ideas 
inherent to the hydrothermal interpretations of the MV deposits.

The controversy over the origin of the MV deposits has had its con
fusing impact upon the question of hydrothermal karst processes. With 
recent trend away from hydrothermal interpretations of Zn—Pb sulfide 
ores, it is not at all surprising that the concept of hydrothermal karst 
appears to be totally unacceptable for many geologists who support the 
sedimentary genesis of the MV deposits. Some of them go that far as 
to deny the very existence of hydrothermal karst processes (see B e r 
n a r d  1973, p. 65).
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The following considerations are chiefly devoted to some 'selected 
aspects of the hydrothermal karst processes and deposition of sulfide ores 
in karst cavities. No attempt, however, will -be made to enter again into 
the imteirminable dispute concerning (the origin of the MV deposits. Suf
fice it to reaffirm at this place the author’s opinion, already expressed 
in earlier publications (see B o g a c z  et al. 1970, 1972, 1973 a, b, 1975), 
that many of the MV deposits are best explained in terms of hydrother
mal karst processes.

RECENT H YDRO TH ERM AL K ARST PROCESSES

There is little doulbt that hydrothermal solutions may be effective 
factors in speleogenesis ( P a v a i -  V a j na  1931). Large quantities of car
bonate sinter deposited .by recent hydrothermal springs testify to inten
sive dissolution and cavemization of carbonate rocks by hot waters 
( W h i t e  1955).

Caves produced by hydrothermal waters have been recorded from 
various regions (for references see; M a k s i m o v i c h  1969). In Europe, 
the best known examples of such caves are presumably those from Hun
gary and Zbrasov in Czechoslovakia ( P a v a i - V a j n a  1931, Ja s kó  
1936, K u n s k y  1957, O z o r a  y 1961, Pan  oś 1961 and others). Admit
tedly, there is some uncertainty as to how much of the present cave sys
tem was formed by hydrothermal solutions and how much resulted from 
the action of cold or mixed waters. Notwithstanding such uncertainties, 
the nature of evidence is such as to confirm the conclusions arrived at 
by many authors that hydrothermal solutions are amongst the powerful 
agents dissolving carbonate rodks and producing the karst structures1.

What is .more to the point, the cave making hydrothermal waters 
frequently carry metals and deposit ore minerals (pyrite, marcasite, ma
lachite iron hydro-oxides etc.). Such waters may well be regarded as the 
hydrothermal, ore-bearing solutions sproper(seee.g. O z o r a y  1961, Rot -  
ko  1962).

The hydrothermal eaves contain residual materials and various pro
ducts of solutional disintegration of the enclosing rocks. Such materials 
constitute the clastic cave deposits which in every respect are similar to 
those found in „ordinary” , cold-water caves. The possible interference of 
hydrothermal and descending meteoric waters may account for sporadic 
occurrence of surficial materials in caves of hydrothermal or mixed ori

1 In agreement with the opinion held by many authors the term ’’hydrothermal 
solution” is used here for solutions of any origin showing temperature above that 
of ground waters in the near surface region. The question as to how the hydro- 
thermal solutions dissolve and maintain their aggressivenes with respect to car
bonate rocks is beyond the scope of this paper. For discussion, the reader is refer
red to the existing literature.
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gin. It is conceivable that such surficial materials may include organic 
remains (compare : G a l e w s k i  and G ł a z e k  1973).

The morphology of 'recent hydrothermal caves is poorly known. There 
is, however, a good reason to suppose that the underground karst ca
vities produced by hot and cold waters may display similar morpholo
gies. This is also true of „karst tectonics”, i.e. solution-collapse breccias, 
gravity faults and sagging fractures resulting directly from solutional 
thinning and cavern collapse.

The formation of extensive zones of solution-collapse breccias through 
the action of hydrothermal solutions brooks no denial. However, it 
should be borne in mind that with temperatures above 100°C, new 
brecciating factors come into action. These are: hydrothermal explosions 
and hydraulic fracturing.

The hydrothermal explosions ( M u f f l e r  et al. 1971) result from ra
pid expansion o' water into steam. Such explosions disrupt the con
fining rocks and may drive the rock fragments upwards ( L l o y d  1972). 
Parenthetically, it may be added that among the various causes of hy
drothermal explosions there is the self-sealing of karst conduits by pre
cipitating ores.

The hydrothermal explosions may lead to „chain reactions” . For in
stance, with temporary increase in pressure, the solution is rammed into 
the enclosing rock, breaking it up by wedging the fractures open 
( B r i d g m a n  1952, K e n t s  1964). On the other hand, a sudden drop 
in pressure may cause the bursting apart of rocks and rock fragments 
into which the solutions have permeated under high pressure. Such phe
nomenon has been indicated by P h i l l i p s  (1972) as „hydraulic frac
turing” and is held to contribute to the formation of crackle and mosaic 
breccias 2.

CRITERIA FOR RECOGNITION OF HYDROTHERM AL K ARST STRUCTURES
IN  THE M V  DEPOSITS

Whilst the observation of recent hydrothermal springs leaves no 
doubts as to the reality of hydrothermal karst processes, the recognition 
of such processes in ancient rocks may be a matter of conjecture. Per
tinent to our considerations is the question; how to distinguish the hy
drothermal karst structures in the MV deposits from those effected by

2 The karst breccias are here described by means of terms suggested by N o r 
t o n  (1916). These terms are as follows: ’’crackle breccia” —  one showing incipient 
brecciation with little or no displacement, ’’mosaic breccia” —  whose fragments 
are detached but match along initial rupture planes, ’’rubble breccia” —  charac
terized by a jumbled mass of rotated fragments and ’’pudding breccia” —  whose 
fragments are embedded in a matrix composed of comminuted rock particles.
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oold meteoric waters, in view of the fact that the morphology of karst 
structures is not conclusively diagnostic in this respect.

Important conclusions in this direction can be drawn from: 1 . sulfide 
minerals infilling the cavities; 2 . wall-rock alterations around the karst 
cavities and; 3. the overall geologic structure of the area.

As known, the sulfide precipitates may assume various forms. Such 
forms find their close counterparts among the calcite speleothems of 
ordinary caves. The sulfide precipitates have been repeatedly described 
and illustrated in many publications devoted to the MV deposits. Ac
cordingly no further comment on this subject is here necessary. Suffice 
it to indicate that the majority of the crystalline or collaform sulfide 
incrustations are suggestive of phreatie conditions. The sulfide stalactites 
and stalagmites, 'diagnostic of vadose conditions, are very minor consti
tuents of the karst ores and, in most instances, they represent the pro
ducts of secondary remobilization processes rather then primary hydro- 
thermal deposits.

What is the reliability of Zn-Pb sulfides as criteria for recognition of 
hydrothermal karst processes in view of the fact that the origin of these 
ores in the MV deposits is still disputable. To avoid begging the question, 
it is necessary to make to following statement: The presence of sulfide 
minerals can only then be diagnostic of hydrothermal karst processes if 
the sulfides are proved to have been precipitated from hot solutions pe- 
neoontemporaneously with the formation of karst cavities.

The sulfide minerals may give valuable informations concerning the 
temperature of deposition, provided directly comparable examinations of 
fluid inclusions, trace element analyses and isotopic studies are carried 
out on sufficiently large number of samples. It is imperative that the 
samples are examined only with proper reference to the structure in 
which they occur. Randomly collected samples are of little value and may 
lead to grave errors in interpretation.

From the data hitherto collected from various MV deposits it appears 
that the temperature of sulfide deposition ranges between 75—200°C 
(see e.g. R o e d d e r  1967, H e y 1 1967, M i l l e r  1969 and others). It 
is, however, to be admitted that the conclusions drawn from such me
thods are often controversial. In the uppermost parts of the crust (most 
of the MV deposited are localized near below unconformities!) the para- 
genetic sequence may Ibe obscured by the appearance of remoblilized, 
low-temperature sulfides superimposed upon those formed at higher 
temperatures. Thus, the statements of temperatures determined with 
respect to one sulfide may be incorrect with respect to the other. Accord
ingly, the best criterion and the real test of the methods in questions 
lies in what is shown by the relationship between the mineralized karst 
structures and the geological structure of the area (detailed geological 
maps!).
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Extensive metasomatic wallroek alterations may also yield fair indi
cations with regard to hydrothermal karst features in ancient rocks, in 
the same way as such alterations serve as guides to hydrothermal ores 
(see e.g. L o v e r i n g  et al. 1949) 3.

As noted, in applying the sulfides as criteria for hydrothermal karst 
it is also necessary to prove that the emplacement of these minerals was 
essentially simultaneous with the formation of karst structures. Argu
ments for this can be drawn from the study of mineralized solution- 
-collapse breccias.

M INER ALIZED  BRECCIAS IN  THE M V  DEPOSITS

As indicated by J e n n i n g s  (1971), in no morphogenie system is col
lapse as significant as in karst. Accordingly, it is natural that in Zn-Pb 
deposits attributed to karst processes the solution collapse breccias are 
amongst the most prominent features.

The breccias in the MV depostis have recently been much discussed. 
Investigations, carried out independently in various ore districts have led 
to the theory, already widely accepted, of solution origin of most of the 
breccias in the MV type of deposits ( H o a g l a n d  et al. 1965, B o g a c z  
et al. 1970, L a u r e n c e  1971, M c C o r m i c k  1971, L a g n y  1974, 
S a s s - G u s t k i e w i c z  1974, 1975 a, b). No description of these brec
cias will be given here (the reader is referred to the existing literature). 
Only some selected problems shell be discussed, in as far as they refer 
to arguments concerning the origin of the breccias.

The solution surfaces at the base of the breccias, often stratified cave 
deposits beneath the rubble (residual clays, stratified ores and dolomitic 
sand), the dome-like vertical sections and irregular pattern in plan view 
are among the .arguments for kairstic origin of the breccia bodies (S a s s - 
- G u s t k i e w i c z  1974, 1975 a, b).

The breccias in question did not result from a single collapse. For 
instance, in the Cracow-Silesian district (one of the representative areas 
for the MV deposits) it has been shown that the breccias resulted from 
a sequence of overlapping brecciation and mineralization stages (Sąss-  
- G u s t k i e w i c z  1974, 1975b). The process of brecciation was, in the 
course of development, spreading outwards, away from the central parts 
of the breccia bodies. What is more to' the point, the successively youn
ger minerals enclose the clastic fragments of earlier mineralization and 
brecciation stages ( S a s s - G u s t k i e w i c z  1975 b). The last fact is of 
particular significance since it clearly shows the essential simultaneity of 
brecciation -and ore mineralization.

3 Tihe albsience o f alterations does not exclude the hydroibhermal origin, of karst 
cavities. With vigorous, integrated flow  of solutions the alteration halo may be 
removed.
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The formation of mineralized breccias in the Cracow-Silesian Triassic 
must have (resulted from vigorous flow of the ore-bearing solutions (stag
nant conditions are incompatible with the formation of solution-collapse 
breccias!). Inasmuch as 'the overall geologic picture of the area points to 
deep-seated sources of mineralizing solutions (see B o g a c z  et al. 1975), 
the breccias in question are „hydrothermal collapse breccias” in the mea
ning of B r y n e r (1968).

The conspicuous developement of solution-collapse breccias in many 
Zn-Pb deposits is partly determined by the properties of the host-rock. 
As known, the commonest host-rock of such ores is a secondary, cry
stalline dolomite produced by metasomatic replacement of limestones 
and re crystallization of primary (early-diagenetic) dolostones ( B o g a c z  
et al.,1975). Such dolomite exhibits abundant fractures of diverse ori
gin 4, and may easily be broken into pieces under weak strains. In ad
dition, the dolomite of this 'kind is prone to solutional disaggregation. 
The incipient stages of such 'disaggregation tare characterized by the soft
ening of the rock involved. The end-products are 'loose masses of „dolo- 
miticsand” (see: T w e t o  O g d e n  and L o v e r  in ig 1947, H e y l  etal. 
1955) which tend to fill the inter-fragmental voids in breccias. The dis
aggregated mass constitutes also the matrix for pudding breccias which 
tend to appear near the base of large solution-collapse structures. Signi
ficantly, the dolomite fragments suspended in such a matrix show self- 
-brecciation which canot be accounted for by the solution collapse. The 
fragments are broken into pieces which, al/though 'displaced, still match 
along the planes of rupture. One possible explanation is that the opening 
of the fractures was initiated by the force of crystallization (G i g n o u x 
and A v n i m e l e c h  1937, S a w k i n s  1969). However, the work on 
further extension and wedging the fractures open appears to have been 
expended by a forcible injection of water-saturated dolomitic grains.

Although the sollution-collapse is presumably the most common, and 
certainly the most obvious cause of brecciation in the MV deposits, the 
hydrothermal explosions and hydraulic fracturing cannot be dissmissed 
from consideration. An objection to such processes hardly lies in the re
latively low temperature attending the formation of the MV deposits 
(most if not all of these deposits are „low-temperature” and ,,low- 
-pressure” hydrothermal deposits). Brecciation through hydrothermal ex
plosions and hydraulic fracturing is to> be expected also under relatively 
low pressure and temperature if the rocks involved are weakened by 
désagrégation and solutional softening. The problem of hydrothermal ex
plosions and hydraulic fracturing in the MV deposits may be one of re
cognition rather than existence.

4 Some of the fractures are related to processes involved in the formation of 
the dolomite (very small reduction in volume) and to the emplacement of the 
earliest sulfides by slow unintegrated transfer of solutions.
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Before closing our discussion of the mineralized breccias in the MV 
deposits few words are needed concerning the debatable question of not 
uniform distribution of sulfides within the breccia bodies. The existence 
of barren and mineralized parts within the geometrically single breccia 
bodies has led some authors to consider the brecciaitiom and mineraliza
tion as overlapping but essentially separate processes (Hoa g l a n  d et 
al. 1965, S a s s - G u s t k i e w i c z  1974, 1975 b). Admittedly, the brec
cias, as we see them today, may constitute a heterogeneous assemblage 
of structures that are not necessarily 'directly related in origin (notably 
where the meteoric karst processes are superimposed upon the earlier 
hydrothermal breccias or vice versa). However, in many instances the 
ore-bearing and the so called „barren” breccias (many of such barren 
breccias, on close inspection, contain sulfides) appear to have been „for
med by the same solutions of much the same origin” ( R i d g e  1968, 
p. 17). The striking difference in the degree of sulfide mineralization 
may, at least in some cases, result from the fact the „barren” breccias 
are the rock-matrix-breccias and having little open space between the 
rock fragments and 'blocks, they were less „hospitable” to ore-depositing 
solutions (R i d g e 1968).

In providing abundant open space for crystallization, the breccias, or 
at least some parts of them, are among the best receptacles of ores. In
deed, in some regions (for instance the Olkusz Mine in the Cracow-Si- 
lesian district — S a s s - G u s t k i e w i c z  1974, 1975 a, b) all the eco
nomic deposits are confined to solution-collapse breccias. In this con
nection it may well be recalled that among the various causes of preci
pitation of minerals from saturated solutions is the process of breccia- 
cion itself ( S h e l l e y  168, P h i l l i p s  1972). It has been shown that 
brecciation may suddenly reduce the pressure (this may happen with 
a sudden mass-failure of rocks). The supersaturation thus produced may 
by sufficient for sulfide crystals to be nucleated. Once the step of nu
cléation is passed „the cristallisation will continue untill the supply of 
saturated solutions stops” ( S h e l l e y  1968).

CO NC LU D IN G  REM ARKS

The three possibilities concerning the origin of sulfide ores in karst 
cavities, listed at the beginning of this paper are neither mutually ex
clusive nor antagonistic. They all are likely to occur in nature (see: 
W a l k e r  1928, C a l l a g h a n  1974), but differ in their relative impor
tance.

The thesis of this paper is that the hydrothermal karst processes (the 
possibility 1) are the most important in the formation of Zn-Pb sulfide 
ores in karst cavities of the MV deposits (compare also B o g a c z  et al. 
1970).
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As noted, the concept of hydirothermal karst admitts an interference 
of hydrothermal and cold meteoric waters (the possibility 2). This is in 
keeping with what is known of recent hydrothermal karst processes. Ac
cordingly, it seems resomable to suppose that the hydrothermal ore-bea
ring solutions, working their way upwards, might have also deposited the 
sulfide ores in karst structures that had been previously produced by 
low-temperature surface waters. Evidence supporting such a possibility is 
found in the well 'known and common association of the MV deposits 
with unconformities and ancient karst surfaces.

From the data available, it is impossible to estimate how much of the 
sulfide ores in the MV deposits was emplaced by hydrothermal solutions 
in meteoric caves. In the writer’s opinion, only a very minor part of 
such ores can be accounted for in this way.

Ordinary meteoric karst caves and sink-holes are known to act as 
traps for sulfides precipitated through the action of microorganisms (see 
e.g., C a u m a r t i n  1963) or by leaching of sulfide minerals from the 
enclosing rocks. Such processes are effective in places where meteoric 
karst structures are superimposed upon the older, hydrothermal karst 
features or ore-bearing rocks.

The problem of sulfide remobilization and the formation of karst 
ores through the action of surface waters („meteorization” processes in 
the meaning of R ou vu  er 1972) is beyond the scope of the present ar
ticle. It should, however, be emphasized that the hydrothermal karst ores 
are highly unstable in the near-surface regions. No sooner are such ores 
emplaced than they may be subject to weathering and other alterations, 
given the appropriate geologic conditions and the access of meteoric wa
ters. Such alterations involve not only oxidation processes but also inten
sive redistribution of metals 5.

Although evidence for remobilization is still disputable, on purely 
geological grounds there is no 'doubt that the supergene redistribution of 
metals may result in re-precipitation of zinc and lead sulfides (com
pare; L o v e r i n g  1934). Almost all the karst ores known as presenting 
evidence of hydrothermal origin, on close inspection, show also evidence 
of local remobilization. This 'evidence will not be detailed here. Suffice 
it to mention few examples from the Cracow-Silesian ore district. Ar
guments for supergene remobilization are here as follows: 1 . the presence 
of galena precipitates in pre-Tertiary meteoric sink-holes ( IPanek and 
S z u w a r z y ń s k i  1975), 2. the sphalerite dripstones of apparently ve

5 It is not out of place to recall here the significance of sulfuric acid that tend 
to form whenever the sulfide bearing rocks are invaded by oxidizing solutions. 
The sulphuric acid thus formed reacts with limestones to produce the soluble cal
cium sulphate and carbon dioxide which, in turn, increases the aggressiveness of 
ground waters and promotes further enlargement of caves (see, e.g., E v a n s  1900, 
M o r e h o u s e  1968, P i c k n e t t  1972).
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ry recent origin ( S o b c z y ń s k i  and S z u w a r z y ń s k i  1975) and; 3. 
the euhedral galena crystals in the shells of molluscs in the Miocene se
diments overflying the ore-bearing dolomite. The above facts lend evi
dence to re-precipitation of sulfides Such re-precipitation might have 
been effected, at least partly, by (the action of H2S rich ground waiters 
resident in the Miocene sediments.

The unquestionafble existence of the secondary supergene 'sulfides de
mands the examination of the part played by meteoric karst processes in 
the final shaping of Zn-iPb ores. However, in most instances, nearly all 
the evidence known to the present writer indicates that the rôle of me
teoric karst processes is minor relative to that played by the hydrother
mal karst processes.

It is realized that the hydrothermal karst processes are not neces
sarily the ore-forming processes, inasmuch as the hydrothermal solutions 
may or may not carry metals. In this situation it seems appropriate to 
reserve the term „thermomineral karst” i (Kunsky 1957) for the ore- 
-bearing hydrothermal karst structures, and to use the name „hydro- 
thermal karst” as a comprehensive term to include, both, the mineralized 
and unmineralized karst structures produced by the action of hydro- 
thermal solutions.

Department of Geology —  Polish Academy of Sciences in Cracow. Mailing adress: 
Geological Institute, Jagiellonian University, 30-063 Kraków, ul. Oleandry 2a.

REFERENCES  
W Y K A Z  LITER ATU R Y

B e r n a r d  A. J. (1973), Métallogénie processes of Intra-karstic sedimentation. Ore 
in Sediments, Amstutz and Bernard, Editors. Springer Verl., Berlin, Heidelberg, 
New  York, p. 43— 57.

B e r n a r d  A. J., L a g n y  Ph. et L  e 1 e u M. G. (1972), A  propos du rôle métallo- 
génique du karst. 24th Inter. Geol. Congr., 1972 —  section 4, p. 411— 422. 

B o g a c z  K., D ż u ł y ń s k i  S. and H a r a ń c z y k  Cz. (1970), Ore-filled hydrother
mal karst features in the Triassic of the Cracow-Silesian Region. Acta geol. 
pol. 20, 2, p. 247— 267, Warszawa.

B o g a c z  K., D ż u ł y ń s k i  S., H a r a ń c z y k  Cz. and S o b c z y ń s k i  P. (1972), 
Contact relations of the ore-bearing dolomite in the Triassic of the Cracow-Si
lesian Region. Rocznik Pol. Tow. Geol. (Ann. Soc. Geol. Pol.) 42, 4, p. 347— 372, 
Kraków.

B o g a c z  K., D ż u ł y ń s k i  S., H a r a ń c z y k  Cz. and S o b c z y ń s k i  P. (1973), 
Sphalerite ores reflecting the pattern of primary stratification in the Cracow- 
-Silesian Region. Rocznik Pol. Tow. Geol. (Ann. Soc. Geol. Pol). 43, p. 285—  
300, Kraków.

B o g a c z  K., D ż u ł y ń s k i  S., H a r a ń c z y k  Cz. and S o b c z y ń s k i  P. (1973a), 
Caves filled with clastic dolomite and galena mineralization in disaggregated 
dolomites. Rocznik Pol. Tow. Geol. (Ann. Soc. Geol. Pol.) 43, p. 59— 72, Kraków. 

B o g a c z  K., D ż u ł y ń s k i  S., H a r a ń c z y k  Cz. and S o b c z y ń s k i  P. (1975), 
Origin of the ore-bearing dolomite in the Triassic of the Cracow-Silesian Pb-Zn



—  227 —

ore district. Rocznik Pol. Tow. Geol. (Ann. Soc. Geol. Pol.) 45, p. 139— 155, 
Kraków.

B r i d g m a n n  P. W. (1952) Studies in large plastic flow  and fracture. Metallurgy 
and Metallurgical Engineering Series. M cGraw Book Company, Inc., p. 362.

B r y n e r  L. (1968) Proposed terminology for hydrothermal breccias and conglo
merates. Economic Geol. 63, 1968, p. 692— 693.

C a l l a h a n  W. H. (1974), Syngenesis versus epigenesis of Mississippi Valley A p 
palachian type Base Metals Mineral Deposits. Economic Geol. 69.

C a u m a r t i n  V. (1963), Review of the microbiology of underground environments. 
Bull. Natl. Speleol. Soc. 25, p. 1— 14.

D a v i e s  W . E. (1951), Mechanics of Cavern Breakdown. Bull. Natl. Speleol. Soc., 
13, p. 36— 42.

F o r d  T. D. (1967), The stratiform ore-deposits of Derbyshire. Proceedings of the 
15th Inter-University Geological Congres. 1967, Leicester, 1969, p. 73— 96.

F o r d  T. D. and K i n g  R. J. (1966), The Golconda Caverns, Brassington Derbyshire. 
Trans. Cave Research Group of Great Britain. 7, no. 2, p. 91— 113.

G a l e w s k i  K. and G ł a z e k  J. (1973), An unusual occurrence of the Dytiscidae 
(Coleoptera) in the siliceous flowstone of the Upper Miocene cave at Przeworno, 
Lower Silesia, Poland. Acta geol. pol. 23, 3, p. 445— 461.

G i g n o u x  M. et A v n i m e l e c h  M. (1937), Genese de roches sedimentaires bre- 
choides par „intrusion et éclatement”. Bull. Soc. Geol. France 7, p. 27— 33.

H a g n i R. D. and D e s a i A. A. (1966), Solution thinning of the M  Bed Host Rock 
in the Tri-State District, Missouri, Kansas, Oklohoma. Econ. Geology, 61, 
p. 1436— 1442.

H  e y 1 A. V., L y o n s  E. J., A  g n e v A. F. and B e h r e Ch. H. Jr. (1955), Zinc- 
-Lead-Copper and general geology of the Upper Mississipi Valley District. 
Geol. Survey Bull. 1015-G, p. 227— 245.

H  o a g 1 a n d A. D., H i l l  W.  T. and F u l w e i l e r  R. E. (1965), Genesis of the 
Ordovician Zinc Deposits in East Tennessee. Econ. Geology 60, p. 693— 714.

J a s k ó S. (1936), A  pâlvolgy-rôzsadombi barlangvidék. Termeszettudomanyi Kozlony 
68, 1936, p. 243— 249.

J e n n i n g s  J. N. (1971) An Introduction to Systematic Geomorphology (Vol. 7), 
The M.I.T. Press, Cambridge, Massachusetts and London, England, p. 252.

K e n t s  P. (1964), Special breccias associated with hydrothermal developments in 
the Andes. Econ. Geology 59, p. 1551— 1563.

K u n s k y  J. (1957), Thermomineral karst and caves of Zbrasov, Northern Moravia. 
Sbornik Zemnepisne Ceskoslovenske Spolecnosti, 62, p. 306— 351.

L  a g n y M. Ph. (1969), Minéralisation plombo-zincifere triasique dans un paléo- 
karst (gisement de Salafossa, province de Belluno, Italie). C. R. Acad. Sc. Paris, 
t. 268, Série D, p. 1178— 1181.

L  a g n y P. (1974), Le gisement de Salafossa, un remplissage paléokarstique plombo- 
-zincifére. Thesis, Université Nancy I.

L a u r e n c e  R. A. (1971), Evolution of thought on ore controls in East Tennessee. 
Econ. Geology 66, p. 696— 700.

L e i  e u  M. G. (1966), Le karst et ses incidences metallogéniques. Sei. Terre, Nancy, 
11, no. 4, p. 385— 413.

L l o y d  E. F. (1972), Geology and Hot Springs of Orakeikorako. New Zealand Geol. 
Survey Bull. 1, 85, p. 164.

L o c k e  A. (1926), The formation of certain ore bodies by mineralization stoping. 
Econ. Geology 21, p. 431— 453.

L o v e r i n g  T. S. (1934), Geology and ore deposits of the Breckenridge Mining 
District, Colorado. US Geol. Survey Prof. Paper 1117, p. 64.

15*



—  228 —

L o v e r i n g  T. S. and collaborators (1949), Alteration in the East Tintic District, 
Utah, Econ. Geology Monographs I, 65, p. 64.

M a k s i m o v i c h  G. A. (1969), Osnovi karstovedenia (Fundamentals of Karstolo- 
gy —  in Russian) vol. II, Geographical Society of the USSR, Institute of Kars- 
tology and Speleology —  Gorkii University in Perm, p. 560, Perm.

M c C l e l l a n d  G. D. and W h i t e b r e a d  D. H. (1965), Geology and ore deposits 
of the metalline zinc-lead district Pend Oreille. Counyt Washington. US Geol. 
Survey Prof. Paper 489, p. 109.

M c C o r m i c k  J. E., E v a n s  L. L., P a l m e r  R. A. and R a s n i c k  F. D. (1971), 
Environment of the Zinc Deposits of the Mascot-Jefferson City District, Tenne
ssee. Econ. Geology, 66, p. 757— 762.

M  c K  i n s t r  y H. E. (1955), Structure of hydrothermal ore deposits. Econ. Geology, 
Fiftieth Anniversary Volume 1905— 1955, Part I, p. 170— 225.

M o r e h o u s e  D. F. (1968), Cave Development Via the Sulfuric Acid Reaction. 
Natl. Speleol. Soc. Bull. 30, no. 1, Jan. 1968, p. 1— 10.

M u f f l e r  L. J. P. W h i t e  D. E. and T r u e s d e l l  A. H. (1971), Hydrothermal 
Explosion Craters in Yellowstone National Park. Geol. Soc. Amer. Bull. 82, 
p. 723— 740.

N o r t o n  W. H. (1916), Wapsipinicon Breccias of Iowa. Iowa Geol. Survey Annual 
Report, 27, p. 359— 547.

O h 1 e E. L. (1951), The influence of permeability on ore distribution in limestone 
and dolomite (part I). Econ. Geology 46, p. 667— 706.

O h  le  E. L. (1959), Some considérations in determining the origin of ore deposits 
of the Mississippi Valley Type. Econ. Geology 54, p. 769:— 789.

O z o r a y G. (1961), The mineral filling of the thermal spring caves of Budapest. 
Atti del Symposium Int. di Speleologia, Memoria V, t. II, p. 152— 170, Como —  
Italia.

P a d a l i n o  G., P  r e 11 i S., T o c c o  S., V i o l o  M. (1971), Some examples of lead- 
-zinc deposition in karstic environments. Proceedings 2nd Inter. Symposium on 
the mineral deposits of the Alps. Bled. p. 195— 205.

P a n e k  S. and S z u w a r z y ń s k i  M. (1975), Kopalne jamy krasowe z kruszcami 
w  okolicach Chrzanowa (Fossil sinkholes with galena mineralization in the 
vicinity of Chrzanów Cracow— Silesian Region) Rocz. Pol. Tow. Geol. (Ann. 
Soc. Geol. Pol.) 45, p. 177— 189, Kraków.

P  a n o ś V. (1961), Teplicowy kras Budinskeho pohori, jeho problemy a zvlastni 
tvary (Thermomineraler Karst des Budauer Gebierges, seine Problemen und 
eigenartige Formen). Prace Bernenske Zakladny Ceskoslovenske Akademia Ved 
(Acta Academiae Scientiarum Cechoslovenicae, Basis Brunensis), 33, p. 277— 336.

P a r k  Jr. C. F., C a n n o n  Jr. R. S. (1943), Geology and ore deposits of the Metal
line Quadrangle, Washington US Geol. Survey Prof. Paper 202, p. 81.

P ä v a i  - V a j n a  F. (1931), Über die Rolle heisser Losungen, Dämpfe und Gase bei 
der Höhlenbildung. Hidrogeologiai Közlöny, (1930— 1931), 10— 11, p. 63— 69, Bu
dapest.

P h i l l i p s  W. J. (1972), Hydraulic Fracturing and Mineralization, J. of the Geol. 
Society, London, 128, p. 337— 359.

P i c k n e t t  R. G. (1972), The pH of calcite solution with and without magnesium 
carbonate present, and the implications concerning rejuvenated aggressiveness. 
Trans. Cave Res. Group of Great Britain 14, p. 141— 150.

R a d a b a u g h  R. E., M e r c h a n t  J. S. and B r o w n  M. (1968), Geology and Ore 
Deposits in the Gillman (Red Cliff, Battle Mountain) District, Eagle County, 
Colorado. In: Ore Deposits of the United States 1933— 1967, vol. p. 641— 664.

R i d g e  J. (1968), Comments on the development of the ore-bearing structures of



—  229 —

ithe Mascot-Jefferison City District aind on (the genesis oif (the ores contained 
in them. Trans. Section B of the Institution of Mining and Metallurgy, 77, 
P- B6— B17, Contribution 67— 8, College of Earth, The Pensylvania State 
University.

R i d g e  J. D. and S m o l a r s k a  I. (1972), Factors bearing on the Genesis of the 
Silesian— Cracovian Lead, Zinc Deposits in Southern Poland. 24 Inter. Geol. 
Congr., Sect. 6, 2161—229.

R o e d d e r  E. (1971), Fluid-inclusion evidence on the environment of formation 
of mineral deposits of the Southern Appalachian Valley. Econ. Geology, 66, 
p. 771— 791.

R o u v i e r  H. (1971), Mineralizations plombo-zinciferes et phenomene karstique. 
Exemple tunesien: Le gisement du Djebel Hallouf Minerai. Deposita, 6, p. 196—  
208.

R o t k o  M. A. (1962), Geochiimia Bahardenskoi Pescery. (Geochemistry of the Be- 
hardeskaya Cave —  in Russian. Specialnyie Vaprosi Karstovedenia, p. 161— 166. 
Izdat. Akademia Nauk, Moskva.

S a s s - G u s t k i e w i c z  M. (1974), Collapse Breccias in the Ore-bearing Dolomite 
of the Olkusz Mine (Cracow—Silesian ore-district) Rocznik Pol. Tow. Geol. 
(Ann. Soc. Geol. Pol.) 44, 2— 3 p. 217— 226.

S a s s - G u s t k i e w i c z  M. (1975a), Stratified sulfide ores in karst cavities of 
the Olkusz Mine (Cracow— Silesian Region, Poland). Rocznik Pol. Tow. Geol. 
(Ann. Soc. Geol. Pol.) 45, 1, p. 63— 68.

S a s s - G u s t k i e w i c z  M. (1975b), Zinc and lead mineralization in collapse 
breccias of the Olkusz Mine (Cracow— Silesian Region —  Poland). Rocznik Pol. 
Tow. Geol. (Ann. Soc. Geol. Pol.) 45, p. 303— 324.

S a w  k i n s F. J. (1969), Chemical Brecciation, an Unrecognized Mechanism for 
Breccia Formation? Econ. Geology, 64, no. 6, Sept.-Oct. 1969, p. 613— 617.

S h e l l e y  D. (1968), Ptygma-like veins in graywackes, mudstones and low-grade 
schists from New Zealand. Journ. of Geology 76, p. 692— 701.

S m i t h  A. W. (1964), Remobilization of sulfide orebodies. Econ. Geology 61, 
p. 9131— 935.

S m o l a r s k a  I. and C h u  T u a n  N h a  (1972), Contribution to the problem of 
breccia-ores from the Silesian-Cracow Ore Basin. Bull. Acad. Pol. Sei., Ser. 
des Sei. de la Terre, 20, 33— 36.

S m o l a r s k a  I., G r u s z c z y k  H. and D a n g  X u a n  P h o n g  (1972), Breccias 
in the Silesian— Cracow Zinc and Lead Ore Deposits. Bull. Acad. Pol. Sei., 
Ser. des Sei. de la Terre, 20, p. 107— 112.

S o b c z y ń s k i  P. and S z u w a r z y ń s k i  M. (1975), Sphalerite dripstones from 
'the TmzeToiioinka Mine .(Cracow—'Silesian Region) Rocznik Pol. Tow. Geol. (Ann. 
Soc. Geol. Pol.) 45, p. 171— 175.

T r a i l  J. G. (1939), The Geology and Development of M ill Close Mine, Derbyshire. 
Econ. Geology 34, p. 851— 889.

T w  e t o O. and L o v e r i n g  T. S. (1947), The Gilman District, Eagle County. In 
Vanderwilt J. W., Editor, Mineral Resources of Colorado, State of Colorado 
Mineral. Res. Bull., p. 378— 387.

V a n  H i s e  Ch. R. (1904), Treatise on Metamorphism Monogr. US Geol. Survey, 
47, p. 1286.

W a l k e r  R. T. (1928), Deposition of ore in pre-existing limestone caves. Technical 
Publication No. 154, Am. Institute of Mining and Metallurgical Engineering 
p. 35, New  York.

W h i t e  D. E. (1955), Thermal springs and epithermal ore deposits. Econ. Geology 
Fiftieth Anniversary Volume 1905— 1955, Part I, p. 99— 225.



—  230 —

STRESZCZENIE

Praca niniejsza ma charakter dyskusyjny. Dotyczy ona zagadnienia 
krasu hydrotermalnego, to znaczy zespołu form krasowych (jaskinie, 
brekcje zawałowe itp.) powstałych w wyniku przepływu roztworów hy- 
drotermalnych przez skały węglanowe. Zdaniem autora zjawiska krasu 
hydrotermalnego odgrywają najistotniejszą rolę w procesie tworzenia się 
kruszców cynkowo-ołowiowych zaliczanych do złóż typu „Mississippi 
Valley i Śląska” . W pracy podano wybrane przykłady współczesnego kra
su hydrotermalnego oraz przedyskutowano niektóre sprawdziany rozpo
znawcze kopalnego krasu hydrotermalnego. Jednym z takich sprawdzia
nów jest wypełnienie mineralne jam krasowych oraz zmiany w skale ota
czającej struktury krasowe. Minerały siarczkowe można l̂ważać za 
wskaźniki hydrotermalnych zjawisk krasowych tylko wówczas, jeśli ist
nieją dowody na hydrotermalne pochodzenie tych siarczków oraz 'dowody 
na to, liż siarczki zostały osadzone lufo krystalizowały prawie rôwnO'Cze- 
śnie z powstawaniem form krasowych. Szczególną uwagę poświęcono 
w pracy tworzeniu się brekcji w warunkach krasu hydrotermalnego.
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