Geological Quarterly, Vol. 38, No. 3, 1994, p. 415448

Andrzej GASIEWICZ

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

Calcite or calcite-sulphur limestones pseudomorphic limestones after gy psum selenite crystals are a salient feature
of the Polish sulphur deposits and associated (barren) carbonate rocks which serve as a cardinal argument for the
bioepigenesis of the Polish stratiform sulphur deposits. Detailed investigations indicate (hat these postselenite
rocks form distinct facies defined as gypsum-ghost facies. This facies is composed of empty or filled (mainly with
calcite and sulphur) spaces (“psevdomorphs”) after selenite gypsum. With regard to the main component, which
is ghosts of variously developed original selenite gypsum crystals (fine, coarse selenite or sabre-like forms), they
may be divided 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 analogies between these two lithologies. The differences between these facies with regard to components,
matrix, porosity, structures and textures excludes them from being facies equivalents. Characteristics of these
limestones suggest additional diagenetic factors which could play an iimportant role in the preservation of original
gypsum structures during the course of the alteration.

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 formation 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. Pawiowski, 1968, 1970;
S. Pawlowskier al., 1965, 1979, 1985; M. Nie¢, 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. cit. 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 mineralogical and petrographic varieties are, in a very general way, ascribed to
various gypsum lithotypes which have undergone alteration (e.g., K. Pawtowska, 1962, R.
Krajewski, 1962; S. Pawlowski, 1968, 1970; S. Pawlowski et al., 1965, 1979, 1985; M.
Nieé, 1969, 1982, 1992, T. Osmélski, 1972; M. Pawlikowski, 1982; B. Kubica, 1992).
However, no detailed reconstruction of criginal 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, ameng 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 limestones, for their highly spectacular nature, serve also as one of the cardinal
arguments for the bicepigenetic formation of the Polish native sulphur ores.

The preservation of original selenite fabrics in the gypsurn-ghost limestones is of special
importance mainly for association with the sulphur mineralization. These limestones ap-
pear as essential features of the Polish sulphur .deposits and therefere provide unique
possibility to (1) evaluate the current model of Polish sulphur deposit formaticn in the light
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 of this work is to describe and to compare both selenite gypsum and gypsum-ghost
facies based on insight from petrology. This study is also intimately connected with regional
characteristics of these two main lithologies (A. Gasiewicz, 1994). Both papers are, in turn,
a part of more extensive research focussing on the gypsum-ghost limestones underiaken by
the author. In particular, the researeh includes further work on both geochemical and sulphur
mineralization characteristics of the facies as well 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.

MATERIAL AND METHODS

Detailed sedimentological analysis comprised carbonate (mainly) and sulphate sefies
(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 —Baranéw Sandemierski
deposit and core material from selected boreholes of other sulphur deposits (Grzybéw,
Tarnobrzeg and Basznia), as well as numerous field studies in the open-pit mine at Machéw
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 II. Alazarin Red staining indicates that the investigated
carbonate rocks are exclusively composed of calcite.
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GEOLOGICAL SETTING

The 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 withlocally (mainly in the marginal part of the foredeep) developed
so-called secondary sulphur-bearing or barren limestones. This unit is unconformably
covered by a thick (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), 8.
Pawlowski ef 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
of textural varieties of the ore deposits and were described in general way by K., Pawlowska
(1962}, M. Nieé (1969, 1982, 1992), 8. Pawlowski (1970), 5. Pawlowski ez al. (1979, 1985),
The most striking feature of these rocks is the preservation of original sulphate structures
{R. Krajewski, 1962; K. Pawlowska, 1962; 5. Pawlowski, 1968, 1970; M. Nied, 1969, 1982,
1992; 8, Pawlowskd ef al., 1965, 1979, 1985; M. Pawlikowski, 1982). These original
selenitic gypsum precuisors form specific interbeds defined here as gypsum-ghost lime-
stones,

CHARACTERISTICS OF GYPSUM-GHOST LIMESTONES

GENERAL FEATURES

Abundant and distinct relics of original calciom sulphate (selenite gypsum) precursors
form adistincily three-dimensionally defined variety of carbonate (limestone). The primary
contents of such postselenite structures have been commonly completely removed. The
structures inclode “ghosts™ {ie., empty spaces left after gypsuin crystals) and so-called
calcite and sulphur (or both) pseudomorphs (spaces remaining after removal of gypsum
crystals and later fully (rarely) or parily (most commounly) filled with caleite and/or native
sulphur). For all these reasons the considered Limestones are defined here as “gypsum-
shost™ facies. Rocks consisting entirely of pseudomorphic gypsurm are rare and limited to
the fower part of the carbonate series where larger gypsum-ghost structures commonly
occur. The most distinetive features of the facies are porosity (P1 T, IT) and ghosts of selenite
precursors (P1. {I-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 ez al., 1979).
Such elongated caverns may occur chaotically or may be (usually finer forms) amanged



418 Andrzej Gosiewiez

into single, weakly marked and discontinuous horizons. Locally, extremel porosity of these
limestones is manifested by the presence (Pl. I) of small (about 0.5 m in size) to Jarge
(maximally up to few metres in height) and isolated caverns (interpreted as the result of
karstification — B. Nielubowicz, 1973; T. S. Piatkowski, 1974; T. Osmélski, 1976; M.
Nieé¢, 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 of vuggy 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 microporosity) limestones 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 (Pl. III, Fig. 8), locally as
high as about 40% of the rock volume. The measurements in such deposits indicate (J.
Kowalik et al., 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 close to one another forming distinct horizons.
In fine-grained gypsum-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 al., 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 (PL. 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. IT) on a local
scale is reflected by thin, flat or wavy lamination or streaks (of clayey-calcite, calcite or
sulphur fractions as well 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 microsparitic 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 poorly
sorted, oval peloids (up to 0.25 but usually 0.05-0.10 mm in size).

The gypsum-ghost limestones may be sulphur-bearing (P1. I, Figs. 9, ]0) or barren (P1.
I, Fig. 8) and locally more marly. As 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 (P1. 1, Figs 2, 3; P1. 11, Fig. 5) more or less elongated
iense-like (usually about 0.5-2.5 m in length}, isolated carbonate bodies, commonly up fo
1.0—-1.5 m thick and several to tens of metres long (whete are connected one to other). They
occur mainly in the tower 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 (P1. 1, IT) by thin
{5-20 cm 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 (PL. 1L, Fig. 4) as well as
between particular lense-like bodies may be (usually) gradual or sharp. The gradnal contact
15 expressed by change in: (1) both size and number of gypsum-ghost stroctures, (2) content
and form of sulphur aggregates, and (3) content and nature (marly, micritic 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. Gasiewicz, 1994).

In general, the postselenitic gypsum stroctures include individual or igolated clusters of
fine (straight) to large (straight to sabre-like) structures remaining after the removal of
individual or groups of original gypsum crystals (PL I, Rig. 5; PL.IU). 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 numercns intercrystal voids
or matrix in between the forms). Large structures commonly are obliguely 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

“mucritic or microcrystalline matrix or in matrix composed of mixed micritic carbenate and
gypsum mixed with sinall gypsum erystals. Small lenticular structores 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, it is possible to distinguish (P11, Fig. 5; Pl. II-VII) three types
of gypsum-ghost structures: (1) large (mainly up to around 20 cm in length and up to 2-3
cm in width), straight or bent; (2) smaller (below 10 cm in length and below 1-1.5¢m in
width), straight or twinned; and (3) small (below 1 cm in size} lenticular or lath-shaped .
{small square-shaped relics occur occasionally dispersed in befween 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 few from
original anhydrite crystals. While the first type of structure is the miost 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 uswally 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 form
interlayers ot thicker beds with distinct conglomeratic features. Most clasts are dark aniform
{indcritic) or heterogeneouns {micrite-sparitic, containing no lenticular gypsuin relics or
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peloids), angularor oval, elongated, and sometimes broken, The nature and especially shape
of the clasts 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 or nonlaminated, 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 stratification. The conglomeratic beds commonly have lamina-
tions of clayey-calcite and/or 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 Jocally 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 fractions 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 Jocally 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 orfand native sulphur, gypsuim 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-occur in
varying combinations and quantities in postselenite vugs, These minerals rarely completely
occlude spaces remaining after gypsum precursors and usually a variable degree of porosity
still exists. The mostcommon 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 larger vugs or small
caverns) distinctly expressed by the presence of (thinner or thicker) 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 filling 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 thus 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 bamren limestones, the post-gypsum voids commonly are
empty and only sometimes covered by thin continuous or {(mainly) discontinuous calcite
crusts or fine 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 mm) in sroall 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 ahsent within the gypsum-ghost structures.
Only a few exceptions, restricted to very fine individuals preserved within the carbonate
martrix, are composed of both gypsum crystals and calcite infillings. However, even in such
examples, it cannot be excluded that gypsum may he 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

Occurrénce 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: (1) fine-grained, more or less loosely packed in the calcareous
matrix (P1. I, Fig. 3; PL. II, Fig. 4) and, (2) middle to coarse crystalline which may occur
individually or as intergrowths, usually in interlocking mosaics (P1. II, Fig. 5; P1. III-VII).

Fine gypsum-ghosts subfacies (Pl IV, 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 graduaily pass into other carbonate rocks. Stratification is
usually horizontal but locally dips up to 10°. It is often expressed by thin (usvally 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 (PL. IV, V) variably porous, and are composed
of fine (usually 1 cm in size) individual (PL. IV, Figs. 11, 12) or connected (P1. IV, Fig. 13),
irregular to oval and angular pores often arranged into more or less distinct laminae, streaks
or layers (P IV, 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 individvally chaotically arranged (PI. IV, Fig. 14; P1. V, Fig. 16) or
reflect the presence of original selenite clusters (P1. V, Figs. 15, 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 (PL. 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 throughout 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
individual 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 usvaily co-occur with postselenite structures and
thus form interbeds that range from single streaks (up to a few centimetres thick), layers
(below 10 cm 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 (P1. IV, V) are composed of
distinct calcite-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 cm in size and maximally reach [0 cm in length and 1 cm in width. Most
distinctive grains have a shape which clearly represent fragments of twinned selenite
crystals. Generally, these grains tend (o 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 postselenitic 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 uniform 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 (P1. V, Fig. 18). This s also confirmed
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 fraction 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
carbonale 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
dispersed or forms 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 subfacies, occur clay minerals, detrital grains and, locally, shreds of bitumens.

Coarse gypsum-ghosts subfacies (Pl VI, VII). This subfacies
includes relatively large gypsum-ghost structures, often accompanjed by finer ones. These
limestones may be relatively either (occasionally) gypsum-ghost-structure-supported (PI.
10, Fig. 5; PL.III, Fig. 9; PL. VI, Figs. 23, 24) or (mainly) matrix-supported (massive variety)
(P1.1, Fig. 3; P1. II1, Figs. 8, 10; PL. VI). This subfacies has sharp boundaries or gradually
passes into other sulphur-bearing or barren limestones.
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They are light to dark grey, high porosity and high crystalline calcite varieties usually
are fragile, while massive varieties arg more compact and firm. The fatter imestones often
contain elongated, angular or oval, dark and uniform, indistinct, chaotic clasts. Coarse
gypsum-ghostlimestones are locally brecoiated with grains cemented by caleite. The largest
ghosts of gypsum usually oceur in the lower part of the section and upwards vsually become
finer. In general, the subfacies is Jocally 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 exceading 10 cinin length and up to 2-3 cm in width) ghosts usually show
(PL VI, Pl VI, Figs. 23, 24) distinct, relatively regular, and prefested orientation in that
they grew in a vertical or subvertical (commenly between 40-807) position. They are
straight or slightly to distinctly bent (resembling sabre-like forms}; they may oocur individ-
ually or closely packed parallel to one another, The finer postselenite relics {usually below
10 cm 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 regularty} oriented ghosts of erystals. These ghosts often are obliguelly oriented af an
angle tower than that fypical for the larger struetures, The smallest forms commonly are
randomly disseminated in carhonate matrix without any preferential orientation of particu-
lar forms and only sometimes show an arrangement into streaks. In addition, smaller
structures may chaotically co-ocour, for example, smaller phosts may be accompanied by
the smallest; however, in peneral, this co-oceurrence is distinctly insignificant volumetri-
cally. It happens relatively often at the marging of the facies (at the ansition o other
diagenetic facies) in both vertical and lateral extent.

Matrix between the ghosts of gypsum is heterogeneous in that it is composed mainly of
micrite and sparite fractions with comimon microsparite patches with blurred marging and
individuoal, fire peloids. The matrix exhibits distinct bipartition into {1} arelatively uniform,
massive, grey or dark-grey form, representing the matter between former gypsum crysials
which irregularly interfinger with (2) lighter, typically hiphly ceystalline with crystals very
variable in size which Is commonly coarse {and rarely fine) crystalline, locally laminated,
and which containg peloids and often displays features of recrystallization. Thus, both
petrographic and cathodoluminescence snalyses of the gypsum-ghost Himestones exhibit
two types of mairix representing different stages of formation — the first one corresponds
to synsedimentary deposition, while the second one (with peloidal texture} to a fafer
diagenetfic stage.

The fabric often exhibits additional primary textures such as numersus streaks or small
and discontimaous wavy lamination composed of clayey matter or variations in ceystal size
and calcite~sulphur proportion (PL VI, PBigs. 28, 26). These streaks are often variously
inchined {often up to 20-307) and sometimes the dip is associated with the presence of
adjacent larger gypsum ghosts or carbonate clasts, In general, the stratification is poorly
marked or absent but locally may be well expressed by elther streaks and laminae
{sometimes disturbed} or thin interbeds {up to about 30 cm thick} and rarely thicker
lense-like complexes. Thinner layers vsually dip slightly (510"}, These bodies composed
of streaky, marly imestones with gradual or sharp boundaries and containing dispersed and
fine ghosts of gypsum, locally resemble rudstones composed of aogular carbonate clasts
which are poorly sorted, chaotically and variously packed (PL. VI, Figs. 25, 28). They are
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usually below 5 cm 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 are 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
(P1. VI; Pl. VIO, 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 sclenite crystals. A lack of later diagenetic mineral infillings caused
sponge-like texture of the subfacies (Pl. 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 well 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
enhedral or semihedral and mostly coarse crystalline calcite that centripetaily infills the
vugs or occurs as anhedral sparite in the matrix where it often encloses irregnlar micrite
patches with diffuse margins. Calcite, sulphur and celestite forms dmses in moulds of
gypsum crystals. Sulphur commeonly infills or encrusts various vugs present in the matrix.
High porosity of this carbonate voggy facies often forms a framework for accumulation of
economic amounts of native sulphur. It may be locally as high as 50-809% with thicker
(maximally up to about 1 m thick) intergrowths of pure sulphur. These Intergrowths
represent specific, highly heterogeneous mineral deposits in the form 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

Gypsuin deposits form a widespread unit in the Carpathian Foredeep and are composed
of different lithofacies (S. Pawlowski ef al., 1965, 1985; M. Pawlikowski, 1982; M. Babel,
1986, 1987; A. Kasprzyk, 1989; B. Kuhica, 1992; with references therein).

Although gypsum deposits of the Carpathian Foredeep exhibit a wide vadety of
lithotypes with respect fo 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 selenitic gypsum may be further subdivided into several
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varieties {A. Kasprzyk, 1989}, Gypsurnis the most abundant mineralin the evaporite section
but small amounts of other mincrals like celestite {A. Kaspreyk, 1994), anhydrite, calcite,
dolomite, quartz, pyrite, {eldspar and various clay minerals also oconr, Calcliels a relatively
common mineral, composad of very fine grained crystalline material fup 0 025 mm). Itls
often scattered throughout gypauin beds, or forms local concentrations {(as irregular patchy
aggregates or concentrations in between gypsum crystale), or form more or legs distinet
tayers in the gypsum matrix,

Cienerally, the series staris {for detailed llustrations of the vertical succession of gypsum
lithofacies see also A. Kasprzyk, 15%4a in a case study in this volume)} with distinct,
vertically oriented and twinnad gant gypsum intergrowths forming crystals up to a few
metres in helght, 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
gypsom deposits with characteristically bent erystals, This complex, sometimes with
marly-clayey admisture and thinoer laminated gypsum intercalations, conmunonly exhibits
chaotic and tight overgrowth 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. Clastic texture with gypsum crystals and fragments of sulphate deposits
may be aranged in grain or matrix supported framewoerks. Such sections may be layered
with gypsum clasts which have been munded, sorted and mixed with other detrital material
{quartz, lithoclasts) and subjected to reworking (abrasion of edges and comers) in transport.

In summary, the lower part of the gypsum sequence is dominated by exceptionally
coarse {glant} or very cvarse selenites while the upper part is dominated by massive, bedded
and laminated crystalline or brecoiated gypsum strata.

FACIES

For the main purpose of this work {reconstruction and comparative study of original
gypsurn fabrics in the postgypsum limestones) selenitic gypsum complexes are essential
becaose they exhibit selient features which may be easily traced in the epigenetic postsul-
phate recks. To facilitate the reconstruction, the selenitic gypsum complexes may be
grouped into two distinct categories or subfacies: (1) giant or very coarse, and {2} erys-
talline or coarse (o fine {including gypsum crysials a centimetre or so in size) selenitic
gypsummn (these deposits are described fn detail in references mentoned at the beginning of
this chapter and also in B. C. Schreiber, 1978 and 1988 with references therein). The
selenific gypsun sizata may form thicker complexes or a fow relatively thinner interbads
which intercalate other gypsum lithotypes, While the former are more frequent in the lower
part, the latter usually form interbeds in the midde part of the gypsum sequence.

Giant or very coarse selenite gypsum sabfacies Pl
VIIL, Figs. 27, 28). Giantor 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-
pured 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% — J, Kowalik er 21, 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.

Crystalline gypsum subfacies. 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 (P1. VIIT, Fig. 29). Based upon size they may
be further differentiated into fine or coarse crystalline deposits, or poorly sorted selenitic
crystals. These deposits include other selenitic sublithotypes like previously described
sabre-like (Pl. VIII, Figs. 30, 31), skeletal (P1. 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 usually are parallel or radially oriented. The larger individ-
uals, commonly well formed, 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 poikilotopic 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 walls
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 chaotically arranged with tight intergrowths to form 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
presence of large 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 sulpbate 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 play a 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



428 Andezed Gaslewice

and native sulpbur. A lack of adequate original gypsum structures in sulphur-bearing or
barren carbonates is commonty interpreted as the effect of alieration of other {i.2., non-se-
lenitic) gypsum lithotypes or varying intensity and selectivity of metasomatic processes (K.
Pawlowska, 1962; 8. Pawlowski et al,, 1965, 1979, 1985; B. M. Nieé, 1982; Kubica 1992,
1894}, obliteration by the transformation processes (8. Pawlowski er ol 1978, 1985, B.
Kubica, 1992}, influence of tate ore-forming processes like recrystallization (M, Nisd, 1982,
1986}, or dependence on the pathways of the alterating fluids (A, Bolewskl, 1835; 5.
Kwiatkowski, 1962; M. Pawlikowsk, 1982),

The gypsum-ghost Tacies have commaonly been belisved io be an equivalent of selenitic
gypsum facies commonly found in swrounding areas {e.g. K. Pawlowska, 1962, R.
Krajewski, 1962; 8. Pawlowski, 1965, 1968, 1970, 8. Pawlowski 1 al., 1965, 1979, 1985;
M. Nied, 1982, T. Gsmélski, 1972; M. Pawlikowski, 1982; B. Kubica, 1992, 1994b).
Unfortunately, this view is based only on a rough comparison of various gelenite gypsum
lithotypes with the gtructures found In the carbonale series. Thus, the suthors ideniified the
carbonate analogs of sabre-like and selenite gypsuro (K. Pawlowska, 1962; S, Pawiowski,
1968; 8. Pawlowski er al., 1965, 1974, 188357, coarse selenite gypsum (R Krajewskd, 1962;
M. Nied, 1982, 1992}, very coarse selenite gypsum (M. Pawlikowski, 1982), and crystalline
{zselenite) gypsom (T, Osmélski, 1572). This ambiguity in the reconstruciion of gypsum
facies analogs in carbonaie series as well as the ofien emphasized impossibility of the
comelation of adequate sulphate and carbonate (postsulphate) facies imply that there is no
frangition 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 subfacies. However, structural variations between gypsam-ghost
limestones and selenitic gypsum facies argues for a genetic diversity,

There is no doubt that the gypsum-ghost structures follow gypsum ¢rystals and represent
original variously developed selenitic gypsum individuals. However, with regard to the both
gypsum-ghost (snlphur-bearing or barren) and selenitic gypsumm facies, detatled petrologic
comparison of these litholipies exhibits distinet 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 anslog in the postsuliphate carbonate secies, 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 i the Carpathian
Foredeep (B. Kubica, 1992; A Kasprzyk, 19945 and should be preserved inthe carbonate
series, at least locally. This is not the case, however, although z very rough analogy saill
exists: this Hthostratipraphic position useally is acoupied by the very coarse gypsum-ghosi
subfacies. However, the differences connected with the size, arrangement of selenitic
crystals, as well as features of both grain composition and matrix clearly exclude any
correlation between these two lithofacies,

In general, both gypsur-ghost subfacies are for the most part distinetly matrix-sup-
ported ({rom about 3340 up to 80-90 and wsually 40-80%) which significantly exceeds
the percentage of the sulphate (or carbonate-sulphate) matnx commonly found in the
mentioned gypsum lithotypes. Thus, gypsum-ghast struetures are (oo scarce to be correlat-
able to adequate selenitic gypsum facies. Note also the conglomeratic nature of the fine
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gypsum-ghost subfacies and cornmon 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, occur-
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-catled
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 such 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 gypsuim-ghosts facies allow conclusion that so-called pseudomor-
phic Himestones 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 ebsarved, there is no transition 2one
- between these lmesiones and selenite gypswn beds. Instead of this, there is 2 sudden kil
in the structural characteristios at the contacts of these two lithologies which axclude simple
lateral continuity or lithalogie zonation,

The presence of relics after selenite gypsum beds and conumon dingenetic features found
in the gypsum-ghost timestones suggest that they are connected with as yet unrecognized
alteration processes of original gypsum beds.

SUMMARY

Investigation of both sulphur-bearing and barcen limestones, from vadous native
sulphur ores preserved in the northern parf of the Carpathian Foredeep, exhibit distinct
features of original selenite gypsum precursors which allow their definidon as gypsum-
ghost mestones, There is no doubt that gypsum relics preserved in so-called postsuiphate
carbonates sirictly reflect selenite gypsum individusls Bike fine or coarse selenific or
sabre-Hke gypsum crystal forms.

Petrologic features of these limestones allow differentiation of them into two different
rock types or subfacies with distinct characteristics, roainly with regard to the main
component {i.c., 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 analopics between the
facies. The differences are too significant Lo assume they are facies equivalents. This study
indicates a common conglomeratic nature of the fine gypsum-ghost subfacies and in situ
formation of the coarse facies with relatively high content of carbonate clasts and other
grains. A comparative swdy of both facies indicates that, in general, there is no gypsum-
ghost analog of the glant of very coarse selenite gypsum Lthotype and that other crystalline
gypsum facies are essentially not reflected in the carbonate series. Consequently, it aftests
that the characteristics of selenitic gypsum Facies and gypsum-ghost sulphur-beaging
limestones canpot be simply correlated to one another ag has been previously assumed .

The present study does not allow exclusion of additional factors which could play
important roles in the preservation of origing] gypsum structures in the gypsum-ghost
limestones during the course of the alteration. Thus, it implies more complex conditions
responsible for formation of the Polish native sulphor ores and, in the author’s opinion, this
problem deserves more attention and reguires forther study,
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Andrze} GASIBWICZ

FACIE WAPTEN, POSELENITOWY CH" POLSKICH 22.0% SIARKI RODZIME]:
ANALOG GIFSOW SELENITOWYCHY

Strezzczenie

Omdwlone wapionic sintkonodoe 2 zachowanymi reliltami po kryszialach gipstw seionitowych, okrslone
jako wapienie poselenitowe, hedaos charakserystycznym skbadnikiem plonaych § oslaskovwanych vrwor6w wysts-
puigoyeh w zapadlichky porzadkarpackim. Cechy makroskopowe § mikroskopows tych wapieai, o w szezeg6lnofel
cechy ich gidwnepo skindnika, kidrym sg reliley po nivwaiplivwyoh krysztalach tédnle wylszadoonychselenitdw,
pozwalala no wydziglenie dwdch subfnch zlozonych £ {1) diobaych 1 {2) dugyeh strking po selenitachs

Cechy strakouralns i ksturaine tyoh sublagii, jak rdwnied w ogdlnodel calei Tacil posclenitows], nie wykazula
anglogii do odpowiednich (hardzo ogdlnie zarysowanych) facli selenltowych, oplsywanyeh wielokeoinic z obszary
zapadhighn, Wogdinofci nie ms odpowiednika facjalnego gipsdw glipantokrygtalicznych ub hardso grubokrystali-
cenyeh, Waplenis poselznitows nic mogg by pordwnywane réwnded 2 gipsand zzablastymi, jok | sekicletowymi.
Gidwne wdenice misdzy viml sprowadzels sis do dutego uddials da weglnowego w wapeniach w goréwnaniy
do fda w selenitach, a wyrafnie mnisiszego udzialu samych sicukive poselenitowych. Fouadio zarmaezajs sig
dinice nugdzy wymienippymi skalomi w odniesieniv do sirokiur sedymentacyinych, e, skiadn ziamisiego |
porowaiofel, Zwraca wwage wyradnle zlopiedcowaty charakier subfacji drobropostlenitowsy, & takete dudy udzial
iagtdw weglsnowyeh w sublacii groboposclenitowe), charakieryzujact] sie powstawanien iz sife pierwolnych
Form selenitowych, W efekee waplenie posslenitowe nie mogy byd niodsarmniane 2 edpowiednimi Iofagiam
glpsdw seleniiowych jak o dotyehezas prayimowano,

Fowszechnle obserwowatie céchy zmian diagenstycznych w wapicniach poselenitowych wekammig, fo
zzehowanio plerwatnyeh snkiar selendiowyeh moglo zalefed takfe od mierozpoznane) dotychozas natary samyeh
provesfw praomian.
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Frg. 1. Gypsum-ghost Ianestones somplex with nemesoes $nd various in £iz¢ cuveras preserved in the upper
part of the Chemical Series, Machdw ppen-pit mine; scale baris L m

Kompleks wapieni poseletitowych 2 liczaymi kawernatmt © zirdenan wictkodol wystepuincy w glrmei caplod
serii chenieznel Kopalnia Machde skala =1 m

Fig. 2. Close wpof Fig. 1 Porons, sulphur-haaring and large lense-like gypsum-ghost Bmestone body, Machdw
open-pit mine

Fragment fig. 1. Dusa soczewa povowaryeh osiarkowmnysh waplent poselenitowyceh. Kopalnia Machow

Fig. 3. Small lense-like gypsum-ghost Limestones with emply vugs after individual selenile precursors end
pores infilled with sulphur (white). Machdw open-pit auine; lense cap iz f em in dlameter

Maia scozewka osiarkowanyeh wapiend possizaitowych 2 pojedynczyini proZniami po keysziafach selenitdw
i pedzadam wypelnionym sarks rodzimg (blale). Kopalnia Machdw, drednien denka obiekiywe 6 om
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Fig. 4. The coninct between porous lense-like gypsum-ghost imestones bodies {right side) and wavy bedded
sulphur-bearing limestones {lefl side). Machdw open-pitinine; lense cap is 6 om in dlameter

Kaniakt migdzy soczewkowsiymi wapieniami poselenitowymi {prawa strona) a falifoic warstwowanymi
wapicaiani ofarkewanynd {lewa strong). Kopalniz Machfw, drednicn denka obiskivwy 6 om

Fig 5. Close up of Fig. 1. Lense-Jike gypsum-ghost lancstones with large ghosts of selenite gypsoimn crystals
separafed by thin interloyer of limestones with oo relics of selemte gypsum, Mot & grodual ansifion inio
gypsuneghost bodies. MachGw open-pit mine; lense cap 186 om in disrmeier

Fragment fig. |. Soczewkowale wapienie poseleniiowe dotone 7 dudyceh relikadw po dudveh keysaialach
selenittw rozdziclone preez clenkg worstwg wapiend nie sawiersinoych streltur poselentiowyeh. Zwioca uwage
siopniows preeidois w wapienie poselenitowe, Kopalpie Machdw: frednica denka obickiywu 6 om

Fig. & Close up of Fig. 2. Gradual ransition berween gypsum-ghost lense-like bodies reflected by limestons
irgeriayer with nemerons sulphur granuies and nodules {whitish spots). Machéw open-pit ming; scole baris Som

Fragrmem fig. 2. Stopniows preeifcle mipdzy soozewkani wapieni poselenitowych odzwierciedione preez
wapisnang wasstowke 2 Hoenymi graneiami | nodulami siarki rodzime] {binlavwe). Kopahnia Machdw; skala = 5 em

Fiyg 7. Gradual trangition of porous sulphur-beaning {whitish sposs) gypsum-ghost imestone {upper part) into
laminnted inforiayer {lower part). Buda Stalowska 168 borehole; depth 2332.0 m; scale bar in cenlimclre

Stopuiowe pranjfele porowatyeh wapiesi poselenilowych osiatkowanych {géma czgéd) w laminowany
warsiewks waplenny {dolna cpdd), Orwdr wiarindozy Bude Sinlowsks 146, gheb. 233,00 m; skala w centymetrach
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Fig. 8. Barren, strongly porons gypsun-ghogt [imestonss composed of latge gypsum-ghost siruciures.
Machdw open-pil mine, lense cap is & om in diasmeter

Plonae, silnie porownle waplenic poselenitowe rawisrninee duge strukiory po dozyeh krvsztalach selenittw,
Kopainio Machdw; frednica denksn obiektywu 6 om

Fig, 9. Leose of sulphur-bearing gypsurm-ghost Emestones composed of numerous and haevily packaed ghosts
of selenite gypsum crystals infilled with native sulphur. MachGw open-pit mine; scale baris S em

Boczews waplen poselenitowych oslarkowanyeh zhwierajaca liczne § stinie upakowane relikly po selenilach
wypekionych siavka rodzima. Kopainia Machdw; skala=5Som

Fig. 10, Frgment of lense-Jike gypsum-ghost Himesiones prosented in Fig, 8. Numerous spaces after salenite
gypenrn erystals are infilled with native sulphur, Darker elongated forms represent carhonate matrix proseoved in
betwesn the structuses. Note individual sulphar gransles and nodules preserved in the matix as well as lacger
irmpnlar earhonate aocumulates {night lower comer), Machdw opon-pit mine; scale baris2 cm

Fragreal sovzewy wapisni posclenitowych predsiawionych wa fig. 9. Liczne prestrzenie po kevezizlach
selenitdw sy wy pelniona siacky rodzimg. Clemalaisze wydlutops formy prredsiawiaiy fragmeniy a weglanowsego
zachowsanego mdedzy simkbmand poselenfiowyrl. W He weglanowym wyslepui pojedyneze grasole § nodule
starki roddzbmef ornz wigheze nieregolaome skupienis weglandw {prawe dolna cxedd). Kopalaia Machdw; skala =
2om
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Figg, 11, 12. Massive fios gypsam-ghost Hmestones wilh indistinet porous horizons composad of elongatad
or trregulas vogs; Pig 11 — Jesidcko B-13 borehols, degth 1720 m, Fig. 12 — Kezyiowse Mosty Pl borehols,
depth 23750 ru; seale barin centimetre

Masywne wopierie poseleniiows 2 wydlutonynd | nlereguiamymi présmami ukladajacymi sie w siabo
zazaaczong poiomy: fig. 11~ ciwdr wierlolzy Jezidrko B-13, gieb. 1720 m, fig. 12 — oiwir wienniczy
Krzyzowe Mosty PI, gleb, 237,30 m; skaln w cantymetrach

Figs, 13, 14. Fine gypsum-ghost limestones composed of sbundont vugs forming sponge-like textores, Poros
may he relatively Jarger aod connected one to olber vugs (Mg 13} or small disconnecied but forming digtingt
porous streaks {(Fig. 14) allernpting with massive and subfely laminaied lmestones. Fig. 13 — Jezideko E-17
borehole, depth 167,50 m, Fig. 14 — Crajkdw 83 horehole, depah 28.60-28.80 m; scnls bar o contimaine

Wapienie poselenitowe zawieries bardza liczne préinie po malych kryszialach selonitéw bworzgos gabe-
zasty tekyiure wapieni. Prdinic moga byé wagledinie wicksze @ polaezone ze sobq {fig. 13} b bardeo drohoe,
grupujac wie w wyragne sinugl preedzislone sinugami masywnyeh t detikatnie langinowanych wapion: (fig. 141
Fig. 13 — olwfdr wienalezy lszidrke B-17, gieb. 167,50 m, fig. 14 — oiwér wienniozy Canjkdw 83, gleb.
2B.60-28,80 m; skala w cenlymetrach

Hand spacimens in Fles. 11 and 13 coll, by K. Pawlowska
Okazy preedstawione na fig 11 113 pochodzy 2 kolekeji K. Pavlowskicj
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Figs. 15, 17 Fine gypsum-ghost mestones with relise of selenite gypsum clusiers: Fig. 15 — Muchdw
open-pit mine, Fig. 17— horehole Skopanie 134: depth 2602026030 m; scale bar in centimeirs

Wapienis poselenifows 2 ralikiomi po wigzkech malyoh selenitéw: 8g. 15 — kopalnia Machdw, fig. 17 —
atwlr wieriniczy Skopanie 134; gleb, 280.20-260,30 m: skals w contymetanel

Fig. 16. Fine gypsum-ghost limestones with chaotically arranged empty voids following fragments of
selenites. Borehule Misdzywodzic 149 dopth 232,90 m: soale bar in contimetre

Wapienic posslonifowe s chaotyoznio ropmieszezonymi préniami po frsgmentach malychseleniidw . Otwér
wictiniczy Migdrywodzic 149; gioh. 352,50 m; skala w centymetrach

Fig. I8, Pomous fine gypsum-ghost Hmesionss with digtind imegular or angular fagments of massive
carbonates and selenite fragment (arrow}. In the upper part of (he photo infergrain spaces are infilled with sulphur
{whitc spots). Borehole Ruda 18; depth 206 { e seale bar in centimetre; coll, K, Pawlowska

Wapienie poselenirowe 2 mdiniami po miabyeh selenitach 2 wyradnym nisregulamymi lub kancisstymi
fragmentami masywaych weglandw | fmgmeniem selenity [stontks), W gdmed czefel fotogmfli przestrzents
migdzyziamows 53 wypsinione stacks sodaimg (Blale skupienta), Otwir wigriaiczy Ruda 18; gleb. 206,06 m; skala
w centymetiach; kolekejs K. Pawlowskiel
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Figs, 19, 20. Coarse, mainix-supporied gypsum-ghost limestonas eomposed of individes] large sud siceply orionied
ghasts of seleuites, The structures are bregularly infilled with calelie {(Fig. 19} ond encrusted by esleiie and sulphur
(Fig. 20). Machéw gpen-pit mine; scale har in centimatre

Wapienie posclenitowe ziogone 2 pojedynczyeh sicokivr po duzych kryszisiach pipsu zorientowanyeh slroma,
Relikty selenitdw s micregulamic wypchidone kaloytem (e 19§ inkvustowane kaloyies [ siafka {fig. 20}
Kopalnia Machéw, skala w contymetrach

Figs. 21, 22. Gypsum-ghose-supported limestones composed of coame struetures obliguely oriented. These
structures may be infifled with caleite (light grey) snd sulphur (white] — Fig. 21, and with sulphor {white) - Fig.
22, Darker, distinet and elongntcd areas represent massive or fualy porous carbonale matrix developed in batwaen
original selenite crysials. Fig 21 — Buds Sulowsks 166 borchole, dopth 243 80 m; Fig, 22 o Jeusidrko Ea17
borehole, depth 156 60 w, call. X Pawlowska; scale bar in centimeirs

Wiaplenie poselenitowe zlofone = liczavch stukiur po dufych kryszinlach pipeu zodentowanyel skofnie
Struldury te s wypeinione kaleytem (Jasnoszary) § siarks (bigda} — fig. 21, oraz wviko siarkg (hinla) — He 22,
Ciemne, wyradne | wydindone Usiwy precdstawialy masywne lub barded drobroporowate tlo woglanowe rovwi-
nigle migdzy plerwomymi kryszialami selenlicw. Big. 21 — otwdr wienniczy Budo Stalowska 166, gleh 243,30
1y fig, 22 v obwdr wieriniczy Jezidrko B-17, pleh, 156,60 m, kolekgja K. Pawlowskij; skala w contymetrach
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Figs. 23, 24, Spunge-ltke conrse gypsuneghost limestones, Abundant, srongly packed, and thin and elongated
ghosts of selenites arc empty or parily infilled with sulphor (white or white-grey spote), Fig, 23 e Muchdw openepit
ming, Fig. 24 — Log 58 borebole; depth 160.10-160.30 m; scale bar in centimetre

Wapienie poselenitowe o teksturze gabezastel, Liczne, siinie upakowane | cienkie, wydiudone refikty po
duzych krysztatach sclenitdw 53 puste lub czefciows wypelnione siarkg (biake lub bialo-szave shupioniad. Fig. 23
— kopaltia Machdw, [ig. 24 — otwér wieriniczy Leg 58; gleb. 160,10-160,30 m: skala w contymaimch

Fig 25 Fragmeni of core material with coarse gypsum-ghost limeatones exhibiting carbonate clasis cemented
by caleiip-sulphur maferial {ceniral purt}, Mikulsiow 145 borehole; depth 161 .60-161.80 my scate in centirastre

Fragment rdzanis wittiniezego ¢ wapigniami posclenilowymi zawierajgeymi relikly po duiych selonitach i
pokazuiney weglanowe ldasty scementowans kaleviem 1 siarks rodrimg (ez288 frodkowa). Otwir wiertniczy
Mikolajéw 145, glgb. 161,60-161L80 my; skala w centymetnch

Fig. 26 Carbonate chosts comenied by laminated cxlcite-sulphir fractions preserved in coarse gypsum-ghost
limesiones, Machdw apen-pit mine

Klasty weglanowe sachowano migdzy dudymi strakiurary posclenifowymi scemeniowane laminowanym
msfertalom kaleylowo-sisdowym. Kopalata Machdw
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Figs. 27, 28, Giant selenite gypiom: Fig. 27 —large {up 1o about 2 min length) covedals, Fig. 28 —close up
af Fig. 27, Chotelek Czerwony

Gipsy gigantolystaliczne: fig. 27 —duge {do ol 2 mdlogoscil krysztaly, fig. 28 — frmgment fig, 27, Chotelek
Crerwony

Fig. 29, Anhydries with fine selenite gypsom pseadomorphs well preserved, Gwoddeiee P10 borehole; depth
535220 m; scule barig | em

Pscudomorfozy gipsdw drobnoselentiowych eachowanyeh wanhiydrviach. Otwdrwieriniczy Gwoldzisc PIO;
gleb. 552,20 my; skala w ceniymeirach

Figs. 30, 31. Sabre-like gypsum; Fig 30 — Piascozne open-pit ming, seale bar i 20 oo, Fig. 31 - Skorocics,
iense cap Is G omin diameier

Gipsy szablaste; fig, 30 — kopalpia Piascegno, skala = 20 em, fig. 31 — Skorocice, Srodnica denka
ohisktywu 6 om

Fig. 32, Skeletal gypsum. Solee 1-2 borehole; depth about 22.0 m; scale bar is 2 om

Gigsy szkisletowe. Obwlr wiertniezy Solec -2, glegh. ok 22 0 m; skala=2 em

Figs, 30 and 32 couriesy by B, Kubica
Fig, 305132 duighd uprreimosed B. Kubley



