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Gypsum-ghost limestones facies of the Polish 
sulphur deposits: an analog of selenitic gypsum facies? 

Calcite or ca1cite-sulphur limestones pseudomorphic limestoneg after gypsum selenite Cl)'StalS are a salient feature 
of the Polish mlphur deposi[S and associated (barren) carbonate rocks which serve as a cardinal argument for the 
bioepigenesis of the Potish stratifonn sulphur deposits. Detailed investigations indicate that these postselenite 
rocks form distinct facies defined as gypsum-ghost facies. This facies is composed of empty or filled (mainly with 
calcit~ and sulphur) spaces ("pseudomorphs") after selenite gypswn. With regard to the main component,which 
is ghosts of variously developed original selenite gypsum Cl),stalS (fine, coarse selenite Or sabre-like forms), they 
may bedivided into fine gypsum-ghost subfacies and coarse gypsum-ghost subfacies. Petrographic eharacteristics 
of the gypsum-ghost limestones are inconsistent with the features of selenite gypsum deposits and clearly indicate 
no close anaJogies between these two lithologies. The differences between these facies with regard to components, 
matrix. porosity, structures and textures excludes them from being fncies equivalents. Characteristics of these 
limestones suggest additional diagenetic factors which could play an important cole in the preservation of original 
gypsum structures during the course of ,be al[erution. 

INTRODUCTION 

Native sulphur deposits located in the Carpathian Foredeep (southern Poland) are the 
products of a complex sequence of physical and diagenetic processes. More precisely, 
during diagenesis, biochemical interactions were responsible for the fonnation of distinct 
native sulphur ores composed mainly of "secondary" sulphur-bearing and barren lime
stones. According to the commonly assumed model of native sulphur formation, bioepi
genetic alteration of gypsum rocks occurred in geologically favourable settings and under 
specific structural and biochemical conditions (summarized by S. Pawlowski, 1968, 1970; 
S. Pawlowski et al .• 1965. 1979. 1985; M. Niec. 1977. 1982. 1992; M. Pawlikowski, 1982; 
B. Kubica 1992, 1994). In general. as bacterial oxidation of hydrocarbons to carbon dioxide 
reduced sulphates. native sulphur and'caleium carbonate (as a byproduct) were generated. 
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As the general model (supported by several lines of evidence, op. cil. with references 
therein) says, the alteration of primary solid rocks (sulphates) into secondary (carbonate) 
lithologies was recorded and is reflected by, for instance, various structural and textural 
features of the ore deposits inherited after sulphate rocks. The carbonate rocks characterized 
by distinct mineralogkal and petrographic varieties are, in a very general way, ascribed to 
various gypsum lithotypes which have undergone alteration (e.g., K. Pawlowska, 1962; R. 
Krajewski, 1962; S. Pawlowski, 1968, 1970; S. Pawlowski el aI., 1965, 1979, 1985; M. 
Niet, 1969, 1982, 1992, T. Osm6lski, 1972; M. Pawlikowski, 1982; B. Kubica, 1992). 
However, no detailed reconstruction of original sulphate lithofacies which (according to 
the demands of the bioepigenetic model) should be preserved in the carbonate series has 
been developed so far. In particular, among a wide spectrum postsulphate deposits, 
mineralized or barren limestones with abundant preserved postselenitic gypsum macro
structures play an exceptional role and are defined in this work as the gypsum-ghost facies. 
These Hrnestones, for their highly spectacular nature, serve also as one of the cardinal 
arguments for the bioepigenetic formation of the Polish native sulphur ores. 

The preservation of original selenite fabrics in the gypsum-ghost limestones is of special 
importance mainly for association with the sulphur mineralization. These timestones ap
pear as essential features of the Polish sulphur .deposits and therefore provide unique 
possibility to (1) evaluate the current model of Polish sulphur deposit fonnation in the ~ght 
of inheritance of original host features and (2) reconstruction of original processes and 
compresion of conditions of the solid sulphate alteration into carbonates and native sulphur. 
The aim ofthis work is to describe and to compare both selenite gypsum and gypsum-ghost 
facies based on insigbt from petrology. This study is also intimately connected with regional 
characteristics of these two main lithologies (A. Gqsiewicz, 1994). Both papers are, in turn, 
a part of more extensive research focussing on the gypsum-ghost limestones undertaken by 
the author. In particular, the researeh includes further workon both geochemical and sulphur 
mineralization characteristics of the facies as weU as a reconstruction of both paragenetic 
sequence and original non-altered deposits. All these questions are in progress and will be 
presented in forthcoming papers. 

MA !ERIAL AND METHODS 

Detailed sedimentological analysis comprised carbonate (mainly) and sulphate series 
(drilled generally southeast of the Holy Cross Mts. and cropping out on the southern margin 
of the Holy Cross Mts. area) successively developed at various stages of the author's 
research. In the core material from over 60 boreholes of the Osiek - Baran6w Sandomierski 
deposit and core material from selected boreholes of other sulphur deposits (Grzyoow, 
Tarnobrzeg and Basznia), as well as numerous field studies in the open-pit mine atMach6w 
were carried out. These sections were sampled and polished thin section were investigated 
using both standard and cathodoluminescence petrography with a Technosyn Cold Cathodo 
Luminescence Model 8200 Mk n. Alazarin Red staining indicates that the investigated 
carbonate rocks are exclusively composed of calcite. 
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GEOLOGICAL SETTING 

Tbe Miocene formation of the Carpathian Foredeep contains an evaporite unit (Bade
nian stage) widespread in the basin. It forms the Chemical Series composed mainly of 
gypsum and anhydrites with locally (mainly in the marginal part of the foredeep) developed 
so-called secondary sulphur-bearing or barren limestones. This unit is unconformably 
covered by a tbick (up to around 3000 m) monotonous claystone series (see G. Czapowski, 
1994) belonging to the Sarmatian. Stratigraphic and lithologic framework of the Carpathian 
Foredeep is described in detail by K. Pawlowska (1962,1965), S. Pawlowski (1970), S. 
Pawlowski et al. (1965, 1979, 1985) and summarized up by K. Pawlowska (1994) and P. 
Karnkowski (1994). 

Mineralized or barren limestones are the main lithology (with a subordinate content of 
marls and sulphates) found within native sulphur formation. This formation is composed 
oftextural varieties of the ore deposits and were described in general way by K. Pawlowska 
(1962), M. Niee (1969,1982,1992), S. Pawlowski (1970), S. Pawlowski etal. (1979, 1985). 
The most striking feature of these rocks is the preservation of original sulphate structures 
(R. Krajewski, 1962; K. Pawlowska, 1962; S. Pawlowski, 1968, 1970; M. Niee, 1969, 1982, 
1992; S. Pawlowski el aI., 1965, 1979, 1985; M. Pawlikowski, 1982). These original 
selenitic gypsum precursors form specific interbeds defined here as gypsum-ghost lime
stones. 

CHARACTERISTICS OF GYPSUM-GHOST UMESTONES 

GENERAL FEA TlJRES 

Abundant and distinct relics of original calcium sulphate (selenite gypsum) precursors 
foml adistinctly three-dimensionally defined variety of carbonate (limestone). The primary 
contents of such postselenite structures have been commonly completely removed. The 
structures include "ghosts" (i.e., empty spaces left after gypsum crystals) and so-called 
calcite and sulphur (or both) pseudomorphs (spaces remaining after removal of gypsum 
crystals and later fully (rarely) or partly (most commonly) filled with calcite andlor native 
sulphur). For all these reasons the considered limestones are defined here as "gypsum
ghost" facies. Rocks consisting entirely ofpseudomorphic gypsum arerare and limited to 
the lower part of the carbonate series where larger gypsum-ghost structures commonly 
occur. The most distinctive features of the facies are porosity (PI. I, JI) and ghosts of selenite 
precursors (PI. ill-VII). 

The porosity of the gypsum-ghost limestones is connected with the presence of less 
regular or irregular and numerous small caverns (commonly up to several centimetres in 
size) which usually mould clusters of gypsum crystals. These forms which follow particular 
selenite gypsum crystal are sometimes more regular and linear in shape. They usually occur 
in the more massive, often thicker, variety of the gypsum-ghost facies, which is typical for 
the altered carbonates and may be very (exceeding 20% ) cavernous (J. Kowalik et al., 1979). 
Such elongated caverns may occur chaotically or may be (usually finer forms) arranged 
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into single, weakly marked and discon1inuous horizons. Locally, extremel porosity of these 
limestones is manifested by the presence (PI. I) of small (about 0.5 m in size) to large 
(maximally up to few metres in height) and isolated caverns (interpreted as the result of 
karstification - B. Nielubowicz, 1973; T. S. Pi~tkowski, 1974; T. Osm6lski, 1976; M. 
Niee, 1977). In general, for such high porosity, these rocks are sometimes very friable, 
especially those containing empty, abundant and larger postselenite spaces. In the extremel 
case, this led (after disappearance of gypsum crystals) to collapse ofvuggy limestones and 
thus formation of crushed material locally found in the core material. This, in turn, could 
have been followed by strong local thickness reduction of the carbonate sequence. 

The porosity of this facies varies from massive, compacted,calcite-dominated (with low 
or even no micro porosity ) Jimestones to very porous or even cavernous rocks. The porosity 
of this facies depends on the abundance, arrangements and size of altered original gypsum 
crystals and the presence of unfilled spaces remaining after occlusion by later diagenetic 
minerals. The gypsum-ghost facies is generally highly porous (PI. III, Fig. 8), locally as 
high as about 40% of the rock volume. The measurements in such deposits indicate (J. 
Kowalik et ai., 1979) that the porosity commonly exceeds 30% and often reaches about 
36-42%. The porosity is especially abundant in the facies originally containing abundant, 
larger (up to several centimetres in the length) and tightly interlocking gypsum crystals. 
Sometimes the vugs are connected or occur dose to one another forming distinct horizons. 
In fine-grained gypswn-ghost facies vugs are distinctly smaller (usually below 1-2 cm in 
size) and generally less common. However, locally abundant vugs of various sizes form 
fine to coarse, porous, sponge-like rocks. Typically, more porous rocks irregularly pass 
laterally and vertically into more massive varieties of the facies with individual caverns 
often defined as the Ratyn limestones (K. Pawlowska, 1962; S. Pawlowski et at., 1985). 
The porosity distribution often emphasizes lense-like variability of the facies. In coarse 
crystalline calcite rocks the porosity is also induced by the presence of intercrystalline 
spaces, thus leading to fragility of the rock. 

Gypsum-ghost limestones composed of finer postselenite relics are thin to thick bedded, 
while those containing larger structures commonly do not exhibit any stratification (PI. I). 
Structureless gypsum-ghost limestones preferentially occur in the lower part of the Chemi
cal Scries where the partition is usually irregular. However, stratification (p1.11) on a local 
scale is reflected by thin, flat or wavy lamination or streaks (of clayey-calcite, calcite or 
sulphur fractions as weJJ as of porous horizons) Or by intercalation of thinner marly 
carbonate or massive carbonate interlayers or beds horizontally or obliquely oriented. These 
limestones intercalate generally massive, bedded, grey, micritic or microsparHic carbo
nates, are usually are light or light-grey to dark-coloured, occasionally contain fossil 
fragments (represented by unidentified thin shells and foraminifera tests) and contain pocrly 
sorted, oval peloids (up to 0.25 but usuaUy 0.05-0.10 mm in size). 

The gypsum-ghost limestones may besulphur-bearing (PI. ill, Figs. 9,10) or barren (PI. 
ill, Fig. 8) and locally more marly. AI; far as these varieties are concerned, the main 
difference is connected with the presence or lack of sulphur mineralization. Small differen
ces between these two lithologies are sometimes marked by less frequent and finer 
postselenite structures found in the barren limestones, which, however, seem to be rare. 
Both types of limestone pass one into another with a sharp or gradual boundary marked 
mainly by a change in sulphur content. 
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The gypsum-ghost limestones form (PL I, Figs 2, 3; Fl.U, Fig, 5) more or less elcingated 
lense-like (usually about 0.5-25 m in length), isolated carbonate bodies, commonly up to 
1.G-I.5 m thick and several to tens of metres long (where are connected One to other). They 
occur mainly in the lower part (where they are relatively thicker and laterally more 
widespread), and rarely in the middle and upper part of carbonate ore series where they are 
more discontinuous. Thus, these bodies sometimes form more distinct stratiform and thinner 
beds which are more laterally continuous. They are separated one to other (pJ. I, m by thin 
(5-20 em thick) interlayers of more massive or marly limestones (often laminated by clayey 
matter or sulphur aggregates) commonly with lower content of sulphur. Contact between 
the both gypsum-ghost limestones and other carbonate deposits (PI. U, Fig. 4) as well as 
between particular lense-like bodies may be (usually) gradual or sharp. The gradual contact 
is expressed by change in: (1) both size and number of gypsum-ghost structures, (2) content 
and form of sulp/lUr aggregates, and (3) content and nature (marly, mietitic or sparitic) of 
the matrix. The sharp contact is reflected by partly cutting off original selenite crystals and 
emphasized by increase of clayey matter. Regional characteristics of this facies are 
discussed in a supplementary paper in this volume (A. G:jSiewicz, 1994). 

In general, the postselenitic gypsum structures include individual or isolated clusters of 
fine (straight) to large (straight to sabre-like) structures remaining after the removal of 
individual or groups of original gypsum crystals (Pl.U, Fig. 5; Pl.lIl). The individual forms 
range in size from millimetres up to tens of centimetres in length (maximally about 30 cm 
in length). They may be either tightly Or loosely packed (with numerous intercrystal voids 
or matrix in between the forms). Large structures commonly are obliquely oriented, usually 
from 20 to 70'. They may be parallel to one another or chaotically arranged (especially if 
they are abundant), or randomly dispersed (if they are isolated). These forms may occur in 

-micritic or microcrystalline matrix or in matrix composed of mixed micritic carbonate and 
gypsum mixed with small gypsum erystals. Small lenticular structures are usually isolated 
or interlocked randomly and only sometimes form thin and discontinuous layers or clusters. 
They may also be scattered in the matrix between larger forms or local twins of the 
gypsum-ghosts. Generally, itis possible to distinguish (PI. II, Fig. 5; PI. ill-VII) three types 
of gypsum-ghost structures: (I) large (mainly up to around 20 em in length and up to 2-3 
em in width), straight or bent; (2) smaller (below 10 em in length and below 1-1.5 em in 
width), straight or twinned; and (3) small (below 1 em in size) lenticular or lath-shaped. 
(small square-shaped relics occur occasionally dispersed in between larger or smaller 
forms). A common lack of square-shaped cross-sections preserved in the rock matrix 
indicates that almost all small forms are inherited from gypsum crystals and only a fewfrom 
original anhydrite crystals. While the first type of structure is the rriost distinct (usually as 
interbeds or thicker complexes), the second one occurs more abundantly and is typical for 
Polish ores. The third type appears more rarely, commonly in between the larger structures, 
but often may form distinct layers or beds of higher concentrations. The smaller forms often 
are indistinct and poorly preserved but usually build up distinct beds or complexes. 

A common feature of the gypsum-ghost limestones is their heterogeneity reflected, 
except for the development of gypsum relics, by the presence of variously types of carbonate 
clasts. These are dispersed in between the gypsum-ghost structures and sometimes foml 
intedayers or thicker beds with distinct conglomeratic features. Mostcl.sts are dark uniform 
(ulicritic) or heterogeneous (micrite-sparitic. containing no lenticular gypsum relics or 
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peloids), angular or oval, elongated, and sometimes broken. The nature and especially shape 
of the c1asts indicate that they mostly represent material originally preserved in between 
selenite gypsum crystals. Clasts usually are angular (sometimes slightly rounded), irregular, 
up to a few centimetres in size (commonly below 1 cm), heterogeneous (micrite or sparite, 
laminated ornonlaminated, with no sulphur or celestite), poorly sorted, occasionally broken 
and healed with calcite, chaotic and dark, with sharp or blurred margins. Larger grains are 
sometimes parallel to local stratilieation . The conglomeratic beds commonly have lamina
tions of clayey-calcite andlor mainly calcite-sulphur laminae in between the clasts (in 
preparation). 

The matrix is generally light grey or dark, massive, heterogeneous (micrite to sparite 
fractions with sulphur granules and local peloidal textures),less porous or macroscopically 
nonporous, and locally discontinuously laminated. The matrix commonly predominates the 
rock composition, only rarely do the other components reach extremely high concentrations 
and become strongly packed. Crystallinity of the facies changes from a very fine fraction 
(below 0.02 mm) to a relatively coarse (up to 0.8 mm in size) fraction . Usually, the more 
massive variety of limestones have more micritic matrix. and finer, anhedral, tight calcite 
crystals (about 0.01 mm in size). The sparite fraction may form the whole matrix but usually 
occurs as irregular patches co-occuring with the micritic fraction. These fractiol)s gradually 
pass into one another. Calcite crystals are transparent or light grey (with abundant im
purities), are commonly very variable in size, and composed of mosaics of anhedral blocky 
calcite. These blocks locally border one another indistinctly and may form poikilitic 
texture. Impurities are more abundant in larger calcite crystals which typically show the 
cleavage system. Calcite crystals often are larger and better developed at the contacts with 
sulphur aggregates and, in general, are the main component of gypsum-ghost facies 
occurring in the lower part of the Chemical Series. Particularly, they build up the largest 
ghosts of gypsum sometimes forming distinct druses with hemi- or pyramidal ends. Highly 
calcite crystalline rocks are fragile . 

Gypsum-ghost limestones are sometimes cross-cut by thin, straight or zig-zag micro
and macroscopic calcite orland native sulphur, gypsum and celestite veins. The veins often 
are incompletely healed with centripetal growth of minerals; rock components are some
times slightly displaced . The wider structures are sometimes filled with columnar or 
spherulitic calcite cement. 

Various calcite and native sulphur-associated minerals often occur or CO-DCcur in 
varying combinations and quantities in postselenite vugs. These minerals rarely completely 
occludespaces remaining after gypsum precursors and usually a variable degree of porosity 
still exists. The most common minerals are late (transparent, yellowish to brownish) acicular 
or columnar calcite, native sulphur, dispersed pyrite and rarely milk to transparent celestite. 
Other minerals (like strontianite, barite,. and aragonite) are distinctly subordinate and occur 
occasionally. Locally a multistage mineral encrustation is (especially in largervugs or small 
caverns) distinctly expressed by the presence of (thinner orthicker) layered crusts composed 
mainly of calcite, native sulphur and rarely celestite. Typically, a whole available space 
remaining after removal of (larger and smaller) selenitic gypsum crystals from sulphur
bearing or barren limestones is completely filled with various minerals, especially calcite 
and native sulphur. Native sulphur filIing up the voids usually separates euhedral faces of 
calcite or other mineral crusts projecting from adjoining walls and precipitated earlier. 
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Sulphur crystals found in such vugs usually are well developed, while those found in the 
matrix commonly are xenomorphic. Spotted sulphur aggregates and crystalline sulphur 
crusts often line vugs and tbus mimic, in a general way, the original gypsum crystal fabric 
or occur as individual aggregates, or crystal overgrowths on other mineral crusts. In other 
cases, a complete infilling by native sulphur forms distinct so-called sulphur pseudomorphs 
after gypsum crystals. However, in most examples the space is only partly occupied by 
these later diagenetic minerals (generally outlining the previous selenitic gypsum crystals), 
often leaving empty vugs. In barren limestones, the post-gypsum voids commonly are 
empty and only sometimes covered by thin continuous or (mainly) discontinuous calcite 
crusts or fme individual calcite crystals. Finer voids commonly are completely occluded by 
crystalline calcite. Both standard petrography and cathodoluminescence microscopy 
studies revealed (in preparation) a complex paragenetic sequence developed from relatively 
early (when vuggy to cavernous porosity was formed) to late (when available space was 
successively infilled with various minerals) diagenetic stages. It also indicates that this 
calcite is generally developed as uniform and transparent, light blocky or equant cement. 
This cement varies from a fine to coarse crystalline texture and, commonly, is also 
developed as successive crusts or druses around void spaCes. In the fine structures, calcite 
crystal infillings commonly exhibit a centripetal growth pattern. 

Other minerals have been found in the matrix, they include: individual oval grains of 
fine of pyrite (or aggregates up to 0.15 mm in size) of pyrite, occasional grains of glauconite 
(a few millimetres), detrital quartz (usually below 0.1 mm), radial secondary gypsum 
aggregates, acicular aragonite (up to 0.2 rnm) in small vugs, and muscovite (up to 0.4 mm), 
common celestite crystals (columnar or poorly developed and usually a few millimetres) 
and shreds of bitumens covering pore vugs or impregnating the micrite fraction. The matrix 
contains also fragments of coalified flora remains. 

As a general rule, gypsum crystals are totally absent within the gypsum-ghost structures. 
Only a few exceptions, restricted to very fine individuals preserved within the carbonate 
matrix, are composed of both gypsum crystals and calcite infillings. However, even in such 
examp'leS:, it cannot be excluded that gypsum may be of secondary origin (that is formed 
very late, by the precipitation from Circulating post-formational ore waters). This sometimes 
may be indicated by well developed calcite faces bordering gypsum crystals or granoblastic 
texture of infilling gypsum. Direct contacts between carbonate and sulphate complexes in 
a so-called transitional zone are irregular and embayed in both vertical and horizontal 
directions. 

SUBFACIES 

Occurrence of variously developed ghosts of gypsum preserved in the lower and the 
upper part of the Chemical Series, thickness of beds, sulphur mineralization and other 
features of the gypsum-ghost limestones presented above strongly imply the occurrence of 
different carbonate facies preserved within sulphur-bearing or barren sequences. In general, 
they mainly differ in size. abundance, orientation and aggregation of the main component, 
which is postselenite relics (preserved as either empty moulds or moulds partly to com
pletely infilled with other minerals). Based upon detailed macroscopic and microscopic 
investigations of the carbonate rocks it is possible to distinguish the following subfacies 
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which differ with respect to preserved relics (ghosts). sedimentary structures and min
eralogical associations: (I) fine-grained . more or less loosely packed in the calcareous 
matrix (pI. I. Fig. 3; PI. II. Fig. 4) and . (2) middle to coarse crystalline which may occur 
individually or as intergrowths. usually in interlocking mosaics (PI. II. Fig. 5; PI. III-VII). 

Fin e gyp s um - g h 0 S t s sub fa c i e s (pI. N. V). This subfacies is 
generally light in colour. relatively more marly. fragile and soft than the coarse one. 
although pure limestones were found as well. It forms relatively thin complexes or beds. 
commonly 'finely stratified that gradually pass into other carbonate rocks. Stratification is 
usually horizontal but locally dips up to 10'. It is often expressed by thin (usually 1-2 cm) 
laminae or streaks of clayey matter. vugs and irregular or rhythmical flat. wavy or streaky 
lamination of disseminated sulphur. Bedding is locally marked by thin calcite or celestite 
layers. Laminations are characterized by a variety of proportions of clay. carbonate grain 
contents. arrangement and crystallinity of the calcite fraction. and distribution and form of 
both sulphur and porosity. Parallel lamination is commonly shown by clayey or carbonate
clayey particles forming more or less distinct laminae and streaks and sometimes by 
flat-lying. elongated grains, or by the presence of small vugs or pyrite aggregates. Lamina
tion may be horizontal or oblique. flat. wavy, and is usually laterally discontinuous and with 
indistinct margins. 

Characteristically, these limestones are (pI. IV, V) variably porous. and are composed 
of fine (usually I cm in size) individual (pI. N , Figs. 11,12) or connected (pI. IV, Fig. 13), 
irregular to oval and angular pores often arranged into more or less distinct laminae, streaks 
or layers (PI. N, Figs. 11. 14). As may be inferred from the shape of the vugs, most of 
them are of after-grain origin and strongly resemble fragments of selenite crystals. The 
structures may occur individually chaotically arranged (PI. IV, Fig. 14; PI. V, Fig. 16) or 
reflect the presence of original selenite clusters (PI. V. Figs. IS, 17). The larger vugs are 
often less regular, obliquelly oriented (40--60') and occasionally are parallel to general 
stratification. The more marly a rock is, the finer pores it has. Locally, a sponge-like rocks 
in carbonates where porosity is very high (pI. IV, Figs. 13,14). 

Grain composition of this subfacies is, in general, complex, and it is possible to 
distinguish structures which strongly follow the shape of original selenite gypsum (com
monly broken) as well as grains which strongly resemble originally carbonate particles 
(including carbonate clasts, peloids and occasional bioclasts). Carbonate grains vary from 
well-sorted (the finer, the better sorted) to (commonly) unsorted. They may be distributed 
irregularly tbroughout the facies or occur in distinct streaks, laminae, and rather thin layers 
and beds. The content of these grains varies from abundant (up to around 60--80%) to 
indi vidual grains scattered or concentrated into irregular patches and streaks in carbonate 
matrix. These components are common in the fine gypsum-ghost-facies and rarely may 
build up separate grainy, generally fine to coarse sand sized intercalations Or thicker 
complexes. Dispersed carbonate grains usually co-occur with postselenite structures and 
thus form interbeds that range from single streaks (up to a few centimetres thick), layers 
(below 10 em thick) and more continuous sequences totaling a few metres in thickness. The 
thicker complexes usually are laminated by both calcite or clayey fractions. There is no 
concentration of the grains along bedding and instead of this, somewhat transitional contact 
at the facies boundaries is commonly observed. 
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The grains resembling original selenite gypsum crystals (PI. IV, V) are composed of 
distinct ca1cite-infilled relics or vugs with characteristic shapes which allow their interpre
tation them as the relics of former selenitic gypsum crystals. Most of them (70%) comprise 
the relics below 3 em in size and maximally reach 10 cm in length and I em in width. Most 
distinctive grains have a shape which clearly represent fragments of twinned selenite 
crystals. Generally, these grains tend to be euhedral but many are blunted and sub-rounded, 
clearly showing that they are abraded. Small calcite "pseudomorphs" remaining after 
selenitic crystals may be tabular, twinned, irregular or rarely equant. A commOn feature of 
the former SUlphate grains is the presence of broken, incomplete, original selenitic frag
ments of crystals that allow primary detrital boundaries to be recognized. Although 
generally no preferred grain orientation is visible among smaller, more equant grains, 
relatively larger ones, especially elongated ghost of gypsum crystals, often have their long 
axes roughly parallel to general bedding. Small equant grains are often packed between the 
larger postseleDitic ones. These grains commonly are chaotically arranged and even thicker 
complexes do not exhibit noticeable decrease or increase in grain-size of the original 
crystals. Other grains such as sub-rounded sand-size carbonate (micritic) grains or litho
clasts, detrital quartz, glauconite or pyrite aggregates are distributed in these beds. In 
addition, carbonate mud chips (less than a few millimetres long) are found scattered through 
a relatively uni form carbonate-clayey matrix. Macroscopic features of this facies with 
regard to grain composition, shape, size, sorting, and orientation clearly indicate the 
conglomeratic nature of the fine gypsum-ghost facies (PI. V, Fig. 18). This is also confmned 
by both standard and cathodoluminescence petrographic observations. 

The matrix is composed mainly of calcite (both micrite and sparite fractions), irregularly 
dispersed (or arranged into fine streaks or laminae) clayey or clayey-organic matter, and 
individual grains. Although the micrite fraetion generally prevails, the intergrain space is 
often occupied by anhedral crystals of blocky calcite which vary in size. 

In general, these limestones are predominated by calcite (micrite and sparite) and 
contain other minerals like sulphur, celestite, barite, pyrite, gypsum, quartz, feldspar and a 
relatively abundant and varied suite of clay minerals (?kaolinite, smectite, chlorite, musco
vite and glauconite) as well as local irregular patches of bitumens which may be dispersed 
in the matrix. Calcite occurs mainly as micrite and sparite which irregularly build up 
carbonate matrix and a variety of calcite crystals filling up abundant vugs. Sulphur occurs 
mainly in the matrix where it forms individual aggregates or commonly is irregularly 
dispersedorforrns distinct laminae or streaks. Other minerals like calcite, sulphur, celestite, 

. barite and gypsum also locally infill also the spaces remaining after gypsum. Volumetri
cally, distinctive mineral phases include micrite, which predominates the matrix composi
tion, and sulphur, which occurs as individual grains dispersed in the matrix or infilling 
postsulphate spaces. Relatively more abundantly, in comparison to the coarse gypsum
ghost subfaeies, occur clay minerals, detrital grains and, locally, shreds of bitumens. 

C 0 a r s e gyp sum - g h 0 s t s sub fa c i e s (PI. VI, VII). This subfacies 
includes relatively large gypsum-ghost structures, often accompanied by fmer ones. These 
limestones may be relatively either (occasionally) gypsum-ghost-structure"'Supported (PI. 
n, Fig. 5; PI. ill, Fig. 9; PI. VII, Figs. 23, 24) or (mainly) matrix-supported (massive variety) 
(PI. I, Fig. 3; PI. ill, Figs. 8, 10; PI. VI). This subfacies has sharp boundaries or gradually 
passes into other sulphur-bearing or barreD limestones. 



They are light to dark grey, high porosity and high crystalline calcite varieties usually 
are fragHc, while massive varieties are more compact and firm, The latter limestones often 
contain elongated, angular or oval. dark and uniform, indistinct, chaotic clasts, Coarse 
gypsum-ghost limestones are locally brecciated with grains cemented by calcite, The largest 
ghosts of gypsum usually occur in the lower part of the section and upwards usually become 
finer. In general, the subfacles is locally discontinuously laminated (mainly by various 
calcite fractions or calcite· sulphur material), especially when it occurs in the lowest part of 
the Chemical Series. 

Larger (often exceeding 10 em in length and up to 2-3 cm in width) ghosts usually show 
(pI. VI; PI. VII, Figs, 23, 24) distinct, relatively regular, and preferred orientation in that 
they grew in a vertical or subvertical (commonly between 4(}-80") position, They are 
straight or slightly to distinctly bent (resembling sabre·likeforms); they may OCCur individ
ually or closely packed parallel to one another. The finer posts.lenite relics (usually below 
10 em in length) are straight and thin, They may occur individually, randomly dispersed in 
between the larger relics or as clusters consisting of randomly or preferentially (and thus 
more regularly) oriented ghosts of crystals. These ghosts often are obbquelly oriented at an 
angle lower than that typical for the larger stroetures. The smallest forms commonly are 
randomly disseminated in carhonate matrix without any preferential orientation ofparticu
lar fonns and only sometimes show an arrangement into streaks. In addition, smaller 
structures may chaotically co·occur, for example, smaller ghosts may be accompanied by 
the smallest; however. in general. this co-occurrence is distinctly insignificant volumetri
cally, It happens relatively often at the margins of the facies (at the transition to other 
diagenetic facies) in both vertical and lateral extent, 

Matrix between the ghosts is heterogeneous in that it is composed mainly of 
micrite and sparite fractions with conimon microspari!e patches with blurred margins and 
individUal, fine peloids, The matrix exhibits distinct bipartition into (1) ardatively uniform, 
massive, grey Or dark·grey form, representing the matter between fanner gypsum crystals 
which irregularly interfinger with (2) lighter, typically highly crystalline with crystals very 
variable in size which is commonly coarse (and rarely line) crystailine, locally I.minated, 
and which contains peloids and often displays features of recrystallization, Thus, both 
petrographic and cathodoluminescence allalyses of the gypsum-ghost limestones exhibit 
two types of matrix representing different of formation - the fIrst one corresponds 
to synsedimentary deposition, while the second one (with peloidal texture) to a later 
diagenetic stage. 

The fabric often exhibits additional primary textures such as numerous streaks or small 
and discontinuous wavy lamination composed of clayey matter or variations in crystal size 
and calcite-sulphur proportion (pI. VII, 25, 26), These streaks are often variously 
inclined (often up to 2Q.-30") and sometimes the dip is associated with the preseoce of 
adjacent larger gypsum ghosts or carboMte clasts, In general, the stratification is poorly 
marked or absent but locally may be well by either streaks and laminae 
(sometimes disturbed) or thin interbeds (up to about 30 cm thick) and rarely thicker 
lense-like complexes, Thinner layers usually dip slightly (5-10·), These bedies composed 
of streaky, marly limestones with gradual Or sharp boundaries and containing dispersed and 
fine ghosts of gypsum, locally resemble rudstones composed of angular carbenate' clasts 
which are poorly sorted, chaotically and variously packed (pI. Figs, 25, 26). They are 
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usually below 5 em in length, light or dark, often elongated or tabular, with sharp or blurred 
margins. Some clasts are impregnated by sulphur, others are laminated, but most of them 
are dark and uniform (micritic) usually, cemented by lighter calcite. Individual clasts are 
often found in between larger postselenite relics. These rudstones ate commonly laminated 
by calcite, clayey-calcite or calcite- sulphur fractions. Lamination may be horizontal and 
flat but usually is wavy and oblique (20-40°). 

Gypsum-ghost structures, as mentioned above, may be empty, partly or completely 
infilled, or impregnated with various minerals, most commonly with calcite and sulphur 
(PI. VI; PI. VII, Figs. 23,24). This subfacies, if it is not or only slightly infilled with later 
diagenetic mineral phases, may be highly porous (up to around 40%) and mainly results of 
removal of large selenite crystals. A lack of later diagenetic mineral infillings caused 
sponge-like texture of the subfacies (PI. VII, Figs. 23, 24). In the lower part of the section 
they usually are very cavernous. In contrast, the matrix is generally of low (and locally 
extremely low) porosity and sometimes coarse crystalline streaks contain fine (up to a few 
millimetres in size) and irregular elongated or partly angular pores. These small vugs may 
emphasize local stratification or may be scattered throughout the matrix. Their shape, 
relationships as weJI as the orientation, however, only sometimes indicates original sulphate 
crystals and most commonly they are very irregular. 

Mineralogical composition of this subfacies is generally similar to the fine gypsum
ghost one, and the differences are mainly quantitative. The most distinct mineral phase is 
euhedral or semihedral and mostly coarse crystalline calcite that centripetally infills the 
vugs or occurs as anhedral sparite in the matrix where it often encloses irregular micrite 
patches with diffuse margins. Calcite, sulphur and celestite fonns druses in moulds of 
gypsum crystals. Sulphur commonly infills or encrusts various vugs present in the matrix. 
High porosity of this carbonate vuggy facies often forms a framework for accumulation of 
economic amounts of native sulphur. It may be locally as high as 50-80% with thicker 
(maximally up to about 1 m thick) intergrowths of pure sulphur. These intergrowths 
represent specific, highly heterogeneous mineral deposits in the fonn of irregular pockets 
(in preparation) in comparison to typical sulphur mineralization in other ore facies (strati
form sulphur layers or regular beds with disseminated sulphur). 

CHARACTERISTICS OF SELENITIC GYPSUM FACIES 

GENERAL FEATURES 

Gypsum deposits fonn a widespread unit in the Carpathian Foredeep and are composed 
of different lithofacies (S. Pawlowski et aI., 1965, 1985; M. Pawlikowski, 1982; M. B~bel, 
1986, 1987; A. Kasprzyk, 1989; B. Kuhica, 1992; with references therein). 

Although gypsum deposits of the Carpathian Foredeep exhibit a wide variety of 
lithotypes with respect to chemical composition, mineralogy, texture and sedimentary 
structures, the most spectacular feature of the gypsum sequence remains the presence of 
selenitic (i.e. composed of macroscopically visible gypsum crystals) complexes and layers. 
Based upon variation in texture and structure (particularly on the size, arrangements and 
sedimentary structures) the selenitie gypsum may be further subdivided into several 
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varieties (A. Kasprzyk, 1989). Gypsum is the mostabundanl mineral in the evaporite section 
hut small amounts of other minerals like celestite (A. Kasprzyk, 1994), anhydrite, calcite, 
dolomite, quartz, pyrite, feldspar and various clay minerals also occur. Calciteis a relatively 
COmmon mineral, composed of very fine grained crystalline material (up to 0.25 mm). It is 
often scattered throughout gypsum beds, or forms local concentrations (as irregular patchy 
aggregates or concentrations in between gypsum crystals), or fonn more Or less distinct 
layers in the gypsum matrix, 

Generally, the series starts (fordetailedillustrationsof the vertical succession of gypsum 
lithofacies see also A Kasprzyk, 1994a in a case study in this volume) with distinct, 
vertically oriented and twinned giant gypsum intergrowths forming crystals up to a few 
metres in height. This series is overlain by an alternation of bedded selenite gypsum and 
stromatolitic gypsum layers which in turn are covered by so-called skeletal and sabre-like 
gypsum deposits with characteristically bent crystals. This complex, sometimes with 
marly-clayey admixture and thinner laminated gypsum intercalations, commonly exhibits 
chaotic and tight ov<>rgrowth of successive gypsum crystal generations. These beds are 
followed by series consisting of bedded, finely crystalline and laminated gypsum complexes 
with selenitic clusters. Synsedimentary clastic gypsum deposits developed in the upper part 
of the sequence. Clastie texture with gypsum crystals and fragments of sulphate deposits 
may be arranged in grain or malrix supported frameworks. Such sections may be layered 
with gypsum clasts which have been rounded, sorted and mixeD with other detrital material 
(quartz, lithoclasts) and subjected to reworking (abrasion of edges and corners) in transport. 

In summary, the lower part of the gypsum sequence is dominated by exceptionally 
coarse (giant) or very coarse selenites while the upper part is dominated by massive, bedded 
and laminated crystalline or brecciated gypsum strata. 

rAcrES 

For the main purpose of this work (reronstruction and comparative study of original 
gypsum fabrics in the postgypsum limestones) selenitic gypsum complexes are essential 
because exhibit salient features which may be easily traced in the epigenetic postsul-

rocks. To facilitate the reconstruction, the selenitic gypsum complexes may be 
grouped into two elistinct categories or subfacios: (I) giant or very coarse, and (2) crys
talline or coarse to fine (including gypsum crystals a centimetre or so in size) selenitic 
gypsum (these deposits are described in detail in references mentioned at the beginning of 
this chapter and also in B. C. Schreiber, 1978 and 1988 with references therein). The 
seleoitie gypsum strata may fonn thicker complexes or a few relatively thinner imerbeds 
which intercalate other gypsum lithotypes, While the fomTer are more frequent in the lower 
part, the latter usually form interbeds in the middle part of the gypsum sequence. 

Giant or very coarse selenite gypsum subfacies(pJ. 
VITI, Figs. 27,28), Giant or very coarse selenite gypsum builds up thicker complexes with 
no discernible bedding composed of giant (up to about 3.5 m in height) grey or honey-col
oured crystals. They are composed of massive vertically arranged, twinned intergrowths 
which grew upward. This lithotype, being of very low porosity, is only locally more 
fractured or cavernous (with a porosity below 5% -], Kowalik e/ a/., 1979), Giant selenite 
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commonly occur at the base of the gypsum sequence and is characterized both by irregular 
thickness (up to several metres) and occurrence. 

Cry s t a II i neg y p sum sub f a c i e s . Crystalline gypsum rocks are dis
tinctly more bedded and composed of smaller (up to 30 cm but commonly below 10 cm in 
length) grey and light-grey or brown crystals (PI. VIII, Fig. 29). Based upon size they may 
be further differentiated into fine or coarse crystalline deposits, or poorly sorted selenitic 
crystals. These deposits include otber selenitic sublithotypes like previously described 
sabre-like (pI. VIII, Figs. 30, 31), skeletal (pI. VIII, Fig. 32) and bedded selenitic gypsum. 

Larger crystals commonly are sub- to vertically oriented, most of them are twinned with 
the twin-plane perpendicular to bedding. Sabre-like crystals (up to 90 cm in length) occur 
individually or form rows and usualJy are paralJel or radiaUy oriented. The larger individ
uals, commonly well fonned, may be tightly interlocked or may be separated from one 
another. In the latter case they are often overgrown by finer crystals and the remaining space 
is filled with a matrix composed of micritic gypsum or gypsum-carbonate material (as much 
as 15% of the mass volume). Where selenitic crystals are less crowded they display bushes 
or a group-spherulite pattern or occur as large poik.ilotopic crystals; where they are more 
crowded, they form contiguous clusters (grass-like selenites) or rows of oriented crystals. 
Where the space in between larger crystals was not infilled, low porosity defined by waUs 
of crystals usually remained. As selenite grain-size decreases, bedding is better developed. 
Thus, they may be banded or form coverS of grass-like selenites, however, commonly they 
are chaoticaUy arranged with tight intergrowths to fonn massive interlocking mosaics Or 
skeletal fabric. 

Selenitic gypsum beds may contain (in between the larger crystals or may be intercalated 
by) subordinary thin interbeds or layers of laminated gypsum-carbonate, clayey or clayey
carbonate partings or fine-grained selenite-micritic gypsum. Irregular or semi-regular 
intercalations, sometimes wavy laminated, may separate layers, beds or complexes of 
crystalline gypsum. This material may also intercalate rows of sabre-like crystals. The 
deposits may be compact or slightly compact, often locally fine to coarse porous or 
fractured, with a varying porosity maximally up to 15%. Porosity is connected with the 
presenceoflarge or fine intracrystalline vugs or pores developed between selenitic crystals. 

DISCUSSION 

According to the demands of the bioepigenetic hypothesis of Polish sulphur deposit 
formation, the postsulphate rocks should be closely correlated with appropriate primary 
gypsum deposits having the Same characteristics. As the model says, the structural and 
textural features of gypsum facies are inherited in the carbonate (released as postsulphate 
rocks) series. Based on this general reason, most workers strongly implied lithological 
compatibility between sulphate and carbonate series and invoked the presence of a range 
of transitional lithologies (with partly preserved original sulphate structures, e.g., calcite 
pseudomorphs after selenite gypsum) between pure sulphates and pure carbonates. In this 
light, the presence of distinct postselenite relics found in sulphur-bearing and barren lime
stoneS playa special role because there is evident proof of the presence of original gypsum 
crystals (and thus gypsum deposits) before the alteration of sulphate series into. carbonates 
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and native sulphur. A lack of adequate original gypsum structures in sulphur"bearing Or 
barren carbon ales is corurnonly interpreted as the effect of alteration of other (i.e., non-se
Jenitic) gypsum lithotypes or varying intensity and selectivity of metasomatic processes (K 
Pawlowska, 1962; S. Pawlowski et ai., 1965; 1979, 1985; B. M. Niee, 1982; Kubica 1992, 
1994), obliteration by tbe transformation processes (S. Pawlowski ef aI., 1979, 1985; B. 
Kubica, 1992). influence of/ate ore-forming processes like recrystallization (M. Niee, 1982, 
1986), or dependence on the pathways of the alterating fluids (A. Bolewski, 1935; S. 
Kwiatkowski, 1962; M. Pawlikowski, 1982). 

The gypsum-ghost facies have commonly been believed to be an equivalent of selenitic 
gypsum facies commonly found in surrounding areas (e.g. K. Pawlowska, 1962; R. 
Krajewski, 1962; S. Pawlowski, 1965, 1968, 1970; S. Pawlowski et aI., 1965, 1979, 1985; 
M. Niet, 1982, T. Osm6lski, 1972; M. Pawlikowski, 1982; B. Kubica, 1992, 1994b). 
Unfortunately, this view is based only on a rough comparison of vadous selenite gypsum 
litbotypes with the structures found in the carbonate series. Thus. the authors identified the 
carbonate analogs of sabre-like and selenite gypsum (K. Pawlowska, 1962; S. Pawlowski, 
1968; S. Pawlowski etal., 1965, 1979, 1985), coorse selenite gypsum (R Krajewski, 1962; 
M. Niee, 1982, 1992), very coarse selenite gypsum (M. Pawlikowski, 1982), and crystalline 
(selenite) gypsum (T. Osm6lski. 1972). This ambiguity in the reconstruction of gypsum 
facies analogs in carbonate series as well as the often emphasized impossibility of the 
correlation of adequate sulphate and carbonate (postsulphate) facies imply that there is no 
transition between these two lithologies, 

Generally similar (the differences are essentially quantitative) mineralogical composi
tion and overall structural similarity of the fine and coarse gypsum-ghost subfacies argues 
for genetic unity of these subfades. However, structural variations between gypsum-ghost 
limestones and selenitic gypsum facies argues for a genetic diversity. 

There is no doubt that the gypsum"ghoststructures follow gypsum crystals and represent 
original variously developed selenide gypsum individuals. However, with regard to the both 
gypsum-ghost (sulphur~bearing or barren) and selenitic gypsum facies, detailed petrologic 
comparison of tilese litholigies exhibits distinct differences in their textural and structural 
development which exclude any correlation. 

There is general agreement that the giant or exceptionally coarse selenite gypsum facies 
has no analog in the postsulphate carbonate seoes. This is especially striking because of the 
fact that this gypsum lithotype has a relatively stable stratigraphic position (commonly in 
the lower or lowermost part of the sulphate sequence) and is widespread in the Carpathian 
Foredeep (B. Kubica, 1992; A. Kasprzyk, 1994b) and should be preserved in the carbonate 
series, at least locally. This is not the case, however, although a very rough analogy stili 
exists: this lithostratigraphic position usually is occupied by the very coarse gypsum-ghost 
subfacies. However. the differences connected with the size, arrangement of seltuilic 
crystals, as well as features of both grain composition and matrix clearly exclude any 
correlation between these two lithofacies. 

In general, both gypsum-ghost subfacies are for the most part distinctly matrix-sup
ported (from about 30AO up to 80-90 and usually 40-80%) which significantly exceeds 
the percentage of the sulphate (or carbonale"sulphate) matrix commonly found in the 
mentioned gypsum lithotypes. Thus, gypsum-ghost structures are too scarce to be correlal
able 10 adequate sdenitic gypsum facies, Note also the conglomeratic nature of the fine 
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gypsum-ghost subfacies and common of admixture of heterogeneous clasts in the coarse 
subfacies. 

Relatively large gypsum-ghost structures, straight or slightly to distinctly bent and 
subvertically to vertically oriented, and often accompanied by finer relics, seem to resemble 
sabre-like gypsum facies. However, commOn stratification by laminae or streaks and their 
composition, orientation and abundance as well as nature of both porosity (shapes. QCcur
rence, abundance and arrangement) and matrix (two distinct phases with common admix
ture of other carbonate grains like clasts, peloids) indicate that they cannot represent typical 
sabre-like gypsum lithofacies. Occasional, gypsum-ghost limestones predominated by 
densely and parallel packed larger (10 cm in the length) relics, do not resemble typical . 
sabre-like gypsum in that they do not contain a common admixture of smaller individuals 
and thus rather form a separate facies . 

Finer, straight and thin, individual postselenite relics (1 centimetre in length), are 
randomly dispersed in between the larger relics or form clusters or separate beds consisting 
of randomly or preferentially oriented ghosts of crystals. They may resemble so-called 
skeletal selenite beds. However, a high content of the carbonate matrix , carbonate grain 
composition, structure and textures again do not allow correlation of these rocks to a 
corresponding selenite facies. 

In addition, other features allow elimination of the gypsum-ghost facies described here 
as an analog of adequate selenite subfacies. They include: (1) irregular association of the 
smaller ghosts which are randomly dispersed or often arranged into distinct streaks; (2) a 
usually lower angle of obliquely oriented ghosts than that typical for the larger selenite 
individuals; (3) commonly low (VOlumetrically insignificant compared to corresponding 
selenitic facies) percentage of smallest gypsum ghost as well as their arrangement into 
commOn and distinct streaks which are often strongly wavy or dip more than in selenitic 
facies; (4) vugs not associated with the gypsum ghost were formed in the matrix in between 
the relics (as may be indicated by the growth pattern of calcite crystal mosaics) and were 
not limited by the original gypsum crystal walls as is often found in skeletal or very coarse 
selenitic gypsum rocks; (5) heterogeneity of the matrix (reflected by micrite, microsparite 
and sparite fractions with blurred margins, and individual, fine peloids as well as the 
presence of two types of the matrix) which suggests various stages of formation after the 
synsedimentary stage; (6) the presence of distinct and numerous primary textures sucb as 
small and discontinuous wavy lamination, streaks or lamination often steeper (20-30") than 
in selenitic facies; (7) more Or less expressed but common lamination or streaks induced 
by alternation of clayey-calcite and especially various calcite fractions; (8) relatively 
uniform nature of larger sparite areas without any preservation of original small gypsum 
individuals; (9) in general, relatively high matrix percentage, low or locally extremely low 
porosity of the matrix and arrangement of small vugs into horizons or layers emphasizing 
local stratification. 

Characteristics of the gypsum-ghosts facies allow conclusion that so-called pseudomor
phic limestones only at first glance seem to resemble some varieties of selenitic gypsum 
lithotypes found in the Chemical Series of the Carpathian Foredcep. All features of the 
gypsum-ghost limestones mentioned above lead to the conclusion that they distinctly differ 
structurally from the selenite gypsum deposits and therefore cannot be simply correlated 
with selenitic gypsum complexes. In addition, although a regional lateral continuity 
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between gypsum-ghost ore and barren limestones is observed, there is no transition zone 
. between these limestones and selenite gypsum beds. Instead of this, there is a sudden shift 

in the structural characteristics at tbe contacts of these two lithologies which exclude simple 
lateral continuity or lithologic zonation. 

The presence ofreHes afterselenlte gypsum beds and common diagenetic features found 
in the gypsum-ghost limestones suggest that they are connected with as yet unrecognized 
alteration processes of original gypsum beds. 

SUMMARY 

Investigation of both sulphur-bearing and barren Iimestqnes, from various native 
sulphur ores preserved in the northern part of the Carpathian Foredeep, exhibit distinct 
features of original selenite gypsum precursors which allow their definition as gypsum
ghost limestones. Tbere is no doubt that gypsum relics preserved in so-called postsulphate 
carbonates strictly reflect selenite gypsum individuals like fine or coarse selenitic or 
sabre-like gypsum crystal forms, 

Petrologic fealures of these limestones allow differentiation of them into two different 
rock types or sub facies with distinct characteristics, mainly with regard to the main 
component (i.e., ghosts of selenite gypsum crystals). 

Petrographic characteristics of the gypsum-ghost limestones are inconsistent with the 
features of selenite gypsum deposits, clearly indicating no close analogies between the 
facies. The differences are too significant to aSsume they are fades equivalents. This study 
indicates a commOn conglomeratic nature of the fine gypsum-ghost subfacles and ill situ 
formation of the coarse facies with relatively high content of carbonate clasts and other 
grains. A comparative study of both facies indicates that, in general, there is no gypsum
ghost analog of the giant or very coarse selenite gypsum lilhotype and that other crystalline 
gypsum facies are essentially not reflected in the carbenate senes, Consequently, it attests 
that the characteristics of selenitic gypsum facies and gypsum-ghost sulphur-bearing 
limestones canoot be simply correlated to one another as has been previously assumed, 

The present study does not allow exclusion of additional factors which could 
important roles in the preservation of original gypsum structures in tbe gypsum-ghost 
limestones during the course of the alteration. Thus, it implies more complex conditions 
responsible for formation of the Polish native sulphur ores and, in the author's opinion, this 
problem deserves more attention and requires further study. 
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Andrzej GI\SfSWICZ 

FAc,m WAPlENI "POSELENlTOWYClJ." POLSKlClJ. ZL6:i SlAll.Kl RODZ1MEJ: 
ANALOG GIPSOWSELENITOWYCH? 

Streszczenie 

Omowionc w,apienic siarkontt&oe z znchowanyrni reliktami po krysltalach gips6w 5clenitowych, okre~lone 
jnko wapiellJe posclenitowe, ~~ clwakterystycznyrn skladnikiem plonnych i os!atkowanych utwor6w wyst<:;~ 
puj(lC)'ch w zapadHsku ponedkarpackirn. Cechy makroskopowe i mikroskopowe tych wapieni, 0 W szczeg61nosci 
cechy ich gtownego skladnika, kt6rym ~ reIJkty po niewlltpllwych krysz.tatach rotnie wyksZ!Moonych selenit6w, 
pozwalnj~ no wydzieJcnie dv.t6ch subiacji zlownych z (1) drobnych i (2) dutyeb struktur po se1enitaclL 

Cecby strukturaJnc i tekmurrunetych subfacji,jak rOwnie.t w ogOhloSci calcj faejl poselcnitowej, nle wykazuja
analogil do odpowi ednieb (bardzo ogohlie zarysow8.rtycb) faej; selcn ilowych. op!sywanycb wiciokrotnie Z OOS:Ulfll 
zapadliska, W ogolnosei oie rnaodpowiednika fllcjalnego gips6w gigamokrystaHeznych lub bardzo grobokrystali
cznych. Wapienie poselenJtowe nie mOgfJ hye porownywane r6wniet z gipsarru szablastymi, jak i szkie!etowyrni 
016wnc roinice mi~7.Y mmi sprowadzajQ sil} do dui.ego uct'L\atu tla ~lanoweg{} w wQ~i1iach w porownaniu 
do tIll w selenitaeh, a wyratnie mniejszego udziBlu samych struktur poselenitowych. Pouadlo zaznaczaja sic 
.r6:t.nice miedzy wymienionymi skatumi w odniesieniu do struktur sedyrnentacyjnych, tin, sklarlu ziamistego i 
porowa1o~ci, Zwraca uwag(: wyra.Zn!e zlepieI\cowaty chru:::::tkter subfacji drobnoposelenitowej, a taktt. duzy udziaI 
klast6w w¢g1anowych w subfacji gruboposclenitowej, ehawkteryzujqccj si~ powstawaniem in situ pierwolnych 
form seienit(.)wych, W efekcie wapierue poselcnitowe nie mog/l hyc IItotsumiane Z odp(}wiednimi litofacjam.i 
gips6w selenitQwychjak to dQtycbczas pnyjmowano, 

Powszechnie obserwowane cechy zrruan diagenetycznych W wllpicniach poseJenitowych wskaZllj~ :re 
7Mhowame pierwntnych strukrorselenitowyeh nrogio zrue7£!C talp;,.te od nierozpoznanej dotychczas natury samych 
prooos6w przemian, 
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Fig. 1. Gypswrn~ghost limestones complex with numerous and various in size cuvCrns presen<ed in rile upper 
part of the Chemical Series. Muchow opeowpit nune; scale bar is 1 m 

Kompleks wopieni posetentfowych z liczoymi knwernllmt 0 zmiennej wietko.sc1 wy$t~pujl1cy Vi gOmej czc~cj 
serii chemicznej. Koprunio !v!ach6w; skala =' 1 m 

Fig. 2. Close up QfFig. 1, Porons, sulphur ·bearing and Jarge-lensc-llke, gypsum-ghost limesrone body. Mach6w 
open-ph mine 

Fragment fig. l. Dnin ,soczeWll porownrych osinrkowanych wllpienj posetenitowych. Kopalnia MacMw 
Fig, 3, Small lense·like gypsum-ghost limestones with emply vugs after individual selenite precursors and 

pores infilled with sulphur (white} Much6w open-pit mine; leuse cap is 6 em in diameter 
Mala soctewka osiarkowanych wapieni poselenitowych z: pojedynczymi prM.J1iami po krysltaJachseIeni!uw 

j prozniumi wypetnionymi siarkq, rodZlUU\. (biala). Kopalnia Mach6.w; stednka denkaobiektYW1l6 em 
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Fig. 4. The contact between porous lense-like gypsum-ghost limestones bodies (right side) and wavy bcCdec 
sulphur·bearing: limestones (left side), lvf;)dHhv open-pit mine; Jensc cap is 6 em in diameter 

KQnt<lkr mkd],]' 5ocz.ewkowatymi wapieniami poselenitowymi (prowa strons) a ff11iscie waTstwowanymi 
wapieninmi o$inrkQwfUlymi (iewa stn;mn). Kopal.nia MachOw; sred-nlea aeoka obiektywl.l 6 ern 

Fig. 5. Close up of Fig. I. Lense-like gypsum-ghoSllimcstones with large ghosts of selenite gypsum crystaL; 
separaled by thin imcrInyer of limestones with no relics of selenite gypsum. Note a gmdllal tmnsltion inm 
gypsnrn*ghost bodies MacMw open-pit mine; lense cap is 6 em in dimneler 

Fragment J. Socl.ewkowate wapienie poselenitowc ;::Io';'one ;; duiych retikt6w pc duzycb krysz!alach 
selenit6w prze:z cienkq wllfstw1¥ wllPieni nie z3wierajqcycb struJ...1.ur poselenilowyeh. Zwraca uwagv 

przejscic w wapienie poselenitowe. Kopa1nia MacMw: srednica denka obiektywu -6 em 
6. Close up of Fig. 2. Grnduailransttion between gypsum-ghost lense~like bodies refleetcd by limestone 

interlayer with Hume!OlL" sulphur gmnules and nodulcs (whitish spots). Mach6w open-pit rnine; scok: bar is 5 em 
Fragment fig. 2, Stopniowe przejscle m!t;dzy soczewkami wapieni poselenitowych odzwierc1edlone przez 

wnpicnHq. warsfewk~z.licznymi tranulami i nodu!ami siurki rodzimej (bial.nve} KopaJnia Mach6w; skala::: 5 ern 
Fig 7. Gredual tfllilsitionofporous sulphur-bewing (whitish spots) gypsum-ghost limestone (uwer pan) into 

laminnled iotcrlaycl (lower part) Buda StaIowska 166 boreho!e; dcp-.:h 233.0 m; scuIe barin centimetre 
Stopulowe PQ10watyeh wapjeni poselenitowy;;h osj4rl;owa.'1ych (g6ma czysC) w \.aminowunQ 

warslewky Otw6r wienmczy Buda SlnIcw-sk'<1166., g./yb.233,Q m; sbb w centymetrncb 
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Fig. It Barren, s.!rongly porons gypsum-ghost Iirr.cstones composed of large gypsum-ghost structures. 
Muchow open-pit mine; lense cap is ();;-m in diameter 

Ploone. silnie porowale wapicnlc poselenjrowe za'Wjernj<)Ce dUle struktury po ouiych krysztalach selenilOw. 
Kopalnia Muchow; firednlc3 denka obiektywu 6 em 

Fig, 9. Lense of sulphur~bea..,ng gypsum-ghost limestones composed of numerous and haevily packed ghosts 
of selenite gypsum crystals infil1ed with native sulphur. Mach6w open-pit mine; scale bar is 5 ern 

SocLewa wapieni poselenitowych osiarkowzmych 'lllwiemj'ica liczne isiJnie upaKowane relikty po selenitacl:: 
wypetoionycl, siarka rodzimq. Kopalnia Moch6w; skala;:; 5 em 

Fig. 10, Fragment oflensc~like gypsum-ghost limestones presented in Fig. 9. Numerous sp<ices after selenite 
gypsum crySlaJs are infllled with native sulphur, Dorkcrelongated forms represent carbom){e matrix prescrv.oo in 
between the structures, Note individual sulphnr grannIes and nodules preserved in the matrix as Wellli$ lnrger 
irregular carbo.nate accumulates fright (owerccmer). Mach6w open-pit mine; scale bar is 2 cm 

Fragment soczewy wupieni poselcnjtcwych pr;:edsrawionych lW ng. 9. Liczne pr:restrzeni-e po krys2udach 
selenit6ws!\ w),pernicnesiarkq rodzJm<j Ciemniejsre wydiuZo[le fonny przedslawiaji) frngmenty 11a w<:glanowego 
znchowanego mi,dzy struk!ummi poselenitowymL W tie w~glanowym wyst<;pujq pojedyneze granule i nodule 
siarki rodzlmej oruz. wiy.l.::sze ll.leregularne skuplenin wvgIan6w (prnwa 00.1n;.1 CZe:5c). Kopain.ia MachOw; skala:::::: 
2cm 
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Figs, 11, 12, Massive fioe m'SuJu-/:hostlirncs!ooes with Indistinct porous horizons composed of elongnted 
or irregular vugs; Fig. 11 hOrchole, depth t 72.0 m, Fig. \2 - Krzyrowe Most}' P1 borehole, 
depth 237.50 m; scale bar in centur.etre 

Masywne wapicnie poselenitowe z wydtulonyrni i meregularnymi prozniami uk!adajncymi r;i\: w slubo 
zZlznaczone poziomy: fig. It - otw6r wiertniczy lezi6rko £.13, g/i;:b. 172,0 m, fig. 12 - olwor wier!niczy 
Krzyzowe Mosty Pl, gt.;;b, 237,50 m; skala w ccntymetmch 

Figs. 13, 14. Pine gypsum-ghost limestones composed of abundant vugs fenning sponge~like textures. Pores 
may be relatively larger and coRnecced one (0 other \tugs (Fig. 13) or small disconnected but forming distinct 
porous streaks (Pig. 14) <"Iltemating with massive lind $ubtely lllminaied limestones_ Fig. 13 - lezi6rko 8-17 
borehole, depth 167,50 m, Fig. 14 - Czajk6w 83 borehole, deplh 18,.60---28.80 01; scale bar in centlmctlc 

Wapienie poselenitowe zowicmjrtce bardzo ticzne pr6inie po malych krysztaiach seJenit6w t'.vol?.tIce gqbc
zast4 tekstur~ wapienL Pr6:tolc mog'l byd wzglcdnic wi?ksze i PO[a,cz<:me ze sobq (fig. B) lub bard?)) drohne, 
grupujqC si~ w wyraine smugt przc<:l:rJelone smugami masywnych i delikatnie !amtnQw<lnych waplen! 14). 
Fig. 13 - otw6r wicrtniczy Jezi6rko E·17, gleb. 167,50 m, fig. t4 - otwor wiertnk.zy C2.Djkow gl.;:b 
28.6G···28,80 m~ skala w cen!ymc1mch 

Hand specimens in Figs. 11 and 13 coiL by K. Pawfowsku 
Okazy przedstawl0ne 11<1 fig. 11 i 13 pochodzli z kolekcji K. Pawlowskiej 
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Figs. 15,. 17. Fine gypsum-ghost limestones with relics of selenite gypsum dusters: Pig. 15 - MachOw 
open-pit mine, Fig. 17 - borehole Skopuruc 134; depth 260.20-260.30 m; scaJe bur.in centimetre 

Wnpienie poselenitowe z reliktruni po Wi<tlkach selenit6w: fig. 15 - kopalniu MacMw, fig. 17-
otw6r wiertnlczy Skopllnie 04; g1i;b, 260,20-260.30 m; 

Fig. 16. Fine gypsum-ghost limestones wIth chaotically arranged empty voids following fragments of 
selenltes. Borehole Miedzywoclzic 149: depth 252.90 m; scaJe bar in centimetre 

Wapicnie posc!cnitowe zchactyc:mie rozmieszezonymi promiami po fragmentach malych selenitew. Otw6r 
wiertniczy Mit;dtywodz.ie 149; g~b. 252,90 m; skala w centymetrach 

Fig. 18. Porous fine gypsum~ghost limestones with distinct irregular or angular fragments of massive 
carbonates and selenite fragment (arrow) In the upperpartof!hc photo intergra.in spaces are infi!led with sulphur 
(white spots). Borehole Ruda is; depth 206.0 m; scale bar tn centimetre; coIl, K Paw}owska 

Wapienie poseJen1!Owe z pr6zniami po malych selenitach z wyrainymi nieregularnymi lub kanciastymi 
fmgmentami masywnych w?glan6w I fragmentern selenitu (str:rol.ku.), W gomej czt;:sci fotografii pnestrzenie 
mi(idz;yziarnowe 5~ \vypelnionesiark1! rodz1tTI4(blaleskuplenia), Otw6r wiertniczy Rudn 18; gfCb, 206,0 m; skala 
w centymetrach; kolekcja K. PawlowskieJ 
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FigS. 19,20. Coarse, mntrix~supported gypsum~ghosllimestones composed ofindividuai large fiud steeply oriented 
gho!'>ts ofseleuites. The structures nre irregularly infilled withcaldte (Fig, 19) and encrusted by calcite nad sulphur 
(Pig. 20). Machow open-pit mine; scalc bar in centimetre 

Wapienie posclc-nitowe zfO'lOne z pojedynczyeh stroktur po dutych kry5ztillach gipsu zorientownnych stromo. 
Rclikty seicIlit6w sa nicrcgulamic wypdnione knlcytem (fig. 19) i inkrustowane knlcl'!cm i siarkll (fig. 20l 
Kopalnill MuchOw: skala w centymetrnch 

Figs. 21, 22. Gypsurn-ghost~supported limestones composed of coarse structures obliquely oriented. These 
structures may be inHHed with ca1cite (light grey) find sulphur (white) - Fig, 21, and with sulphur (white) - Fig, 
22. Darker, distinct 8nd elongatcd areas represent massi ve or finely porous carbonate mrurix developed in between 
original selenite crystals. Fig. 21 - Buda Stalowska 166 borehole, deptb 243.80 m; Fig. 22 - Jezi6rko E·I? 
borehole, depth 156.600, calL K. Pawtowska; scale bar in centimetre 

Wapienie poselenitowe ztol:one z licznych struktur po duzych kryszlalaeh gipsu zorientowanych skosnie. 
Struklury te lil1 wype:tnione ka.leytem (jasnoszary) i siark4 (biab; .---- fig. 21, OffiZ tyiko siaikq (binln) _M fig. 22, 
Ciemne. wyrazlIe i wydluiol1c listwy przedstllwiajq masywnc lub bardzo drobnoporow<1te tio wt;glanowe f'o-zwl· 
ni~fe mi;;:-dzy picrwomymi krysztaia.'Tfi selenitow. Fig. 21 -otw6rwlcnniczy Budn Stalowskn 166, gfyb243,80 
m; tig. 22 - otwar wiertniezy leziorko E- ]7. gt~b. 156.6001, kolckcja K. Pawlowskiej; skala w centymelrnch 
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Figs, 23, 24, Sponge-like-coarse gypsum·gho$i ltrnes{OI1{,,,<;. Abundnnt.strong.ly packed, llod thm and elongated 
ghoSts ofselenites arc empty orpanty Inolled 'With sulphur( white orwhite-.grey spots} Pig. 23 -MnchOw open~pjt 
mine, Fig. 24 -t.Gg 58 borehole; depfh 160,10-160JO m; scale bar in centimetre 

Wapienie poselenitowe 0 teksturze g'lbczastej, Uczne, silnie upakowane i cicnkic, wydluzone relikty po 
duzych krysztatnch selenlt6w s& pusre lub czc~ciowo wypelnione siarkq (biate lub bial:o·SZMC sKupiema). Fig. 23 
- kopaInin Mach6w, Jig. 24 - otw6r wiertniczy l¢g 58; gICb, 160,10-160,30 m; skala w centymetrnch 

Fig. 25. Fragment of core mateDul witb coarse gypsum-ghost litnestones exhjbiling carbonate clusts cemented 
by ca!cite~sujphur material (cenrral part). Mikorojow 145 borehole; depth 161.6o-16L'BO m~ scate in centimetre 

Fragment rdzenja wlermiczegQ z wapieniami poselenHowymi 7.a.wiemjQcymi relikry po dulych selcnitach i 
pokazujQcy wcglanowe klasty scementowane kalcytem i sia.rkq TodzimQ (cu;sc ~rodkowa} Otw6r wiertniczy 
Mikofaj6w l45; gI~b, 161,60-161 ,EO m; skala w cenIymetrach 

Fig, 26. Caroonllte dastscemented by laminated calcite-sul.phur fructions preserved in coarse gypsum-ghost 
limestones, Mach6w open-pit mine 

Klasty wl;lghmowe :zachowane micdzy dutymi slruktmami poselenitowymi scementowane laminowanym 
materialem kalc)'!owo-siatkowym. KopaUlra Mach6w 
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Figs. 27, 28. Giant selenite gypsum: Flg. 27 - large (up /0 about 1 min jength) crystals, Fig. 28 - close up 
of Fig. 27, Chotefek Czcrwony 

Gipsy gigantokrystaticz:ne: fig. 27 -duze (£look. 2 m dtugoS:ci) krysmiy, fig. 28- fragme,J)t fig. 27. Chotelek 
Cz.erwony 

Fig. 29. Anhydrites with fine selenite gypsum pseudomorphs well preserved, Gwoidz:ec P10borehole; depth 
552.20 m; scale bar is 1 em 

Pscudomorfozy gips6w drobnoselenitowych Ulchowanych w anhydrytach. Otw6rwiertmczyGwowziec PI 0; 
glt;,b. 552,20 m; skala w centymetrach 

Figs. 30,31. SabreMlike gypsum: Fig 30 - Piascczno open-pit mine, scale bar is 20cen. Fig. 31 -- Skorocicc, 
lense cap is 6 em in diameter 

Gip.sy sz.ablaste: fig, 30 kopatnia Pillsccz:no, skala = 20 em, fig, 3! - Skorocice, srcdoica denka 
obiektywu 6 em 

Fig. 32, Skektol g)pSUfI1. Sole<: D-2 borehole; deplh about 22.0 m; scale bar is 2 em 
GlPS}' szldeletowe. Orw6r wiertnicz), SoJec D-2; gteh. ok. 22,0 m; sk.a.la "" 2 em 

Figs. 30 and 32 counesy by B. Kubica 
Fig. 30 i 32 d;d~ki u.{lo..ejrnos.cl B. Kuble}, 


