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Abstract: The work deals with diagenetic evolution of the Lower Muschel-
kalk sediments. The following problems are considered: submarine wversus wvado-
se early cementation, mineral composition of an early cement (non-ferroan pali-
sade calcite cement of the first generation), chemical composition of the Muschel-
kalk marine waters, evolution of primary mud into microspar (syntaxial cementa-
tion), generation of microspar-size cement in the mud-supported deposits, develop-
ment of blocky calcite cement (the second generation) and its composition and
neomorphism simultaneous with the late cementation.

INTRODUCTION

In the second part of the paper related to the Lower Muschelkalk
carbonates of the south-western margin of the Holy Cross Mts., the
orthochemical components of carbonate rocks and diagenetic processes
are discussed. : 4

Electron micrographs were made in the laboratories of the Elec-
tron Microscopy of the Institute of Metallurgy of the Polish Academy

* Academy of Mining and Metallurgy. Institute of Geology and Mineral Re-
sources, al. Mickiewicza 30, 30-059 Krakow.
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of Science and of the Scanning Microscopy of the Jagiellonian Univer-
sity. The author expresses her sincere gratefulness to the Menagement
and to the Staff of these institutions.

ORTHOCHEMICAL COMPONENTS OF CARBONATE ROCKS

There exist, in the investigated rocks, both orthochemical components
built of calcite i.e. micrite, microspar, sparry cement (spar) and pseu-
dospar (neomorphic calcite), and noncarbonate autigenic minerals i.e.
gypsum, chalcedone (lutecite), quartz and feldspars. The noncarbonate
minerals have not been examined in detail.

The orthochemical components are minerals precipitated in a sedi-
mentary or diagenetic environment, they bear no traces of transport.
Among them only the carbonate mud (micrite or microspar in a lithified
sediment) could have been displaced before the final deposition.

Folk (1959, 1962) introduced the term ,micrite” to determine the
diagenetic counterpart of the primary carbonate mud, chemically or bio-
chemically precipitated in a sedimentary environment. The mud, when
settling on the bottom, may suffer some later drifting by weak currents.
As a conventional size maximum for the micrite grains the cited au-
thor accepted 4 um.

Gradually, the term , micrite” started to be used for comparatively
small cement crystals (cf. Alexandersson, 1969, 1972, Ginsburg et al.,
1971, Schroeder 1972, 1973, 1974 and others) and lost its quasi-genetic
aspect. It became purely descriptive and as such has been used in this
paper.

The term ,,spar” corresponds to the cement precipitated on the free
surfaces of grains or in intragranular voids. The size of its crystals is
dependent, among others, on the available void space. The term ,spar”
is essentially of genetic meaning, especially since the term ,pseudo-
spar” (Folk, 1965) has been introduced for recrystallized calcites.

As most of the investigators of the Middle Triassic carbonates agree
(Skupin, 1970, 1973, Bachman, 1973, Schwarz, 1975), in the investiga-
ted limestone micrite occurs rarely. The matrix of most of the lime-
stones is composed of microspar (Pl. I, Fig. 1), the diagenetic equivalent
of the original carbonate mud.

The sparry cement appears mainly in (biosparites and pelsparites
i.e. in limestones built of dense packed grains. It also occurs in smaller
amounts in other kinds of limestones, coating grains and filling voids.

In the above meaning ,,spar” corresponds to cement, but the latter
is essentially a broader term, for it may be developed as crystals of
micrite or of microspar size.
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pseudospar (Pl III, Figs. 3, 4, 5) prevails in organic remains recry-
tallized in situ. Recrystallization (neomorphism) of other components is

not very common.

icrospar and micrite

Recent deposits of shallow marine environments are mainly compo-
sed of aragonite or aragonite-calcite muds. They originate as a result of:
— Dying of calcareous algae, especially of green algae. They produce
in their thallus aragonite needles which accumulate, after decay of
the organic matter, as a loose sediment (Lowenstam, 1955, Stock-

man et al., 1967);

__ Breakidown and abrasion of aragonite and calcite remains (cf. Mat-

thews, 1966);

— Physico-chemical and biochemical precipitation of calcium carbonate
out of supersaturated marine water (Cloud, 1962, Wells and Illing,
1964, Neev and Emery, 1967).

The last mentioned process is the most controversial one. Precipita-
tion of aragonite has been ascertained in the supersaline conditions of
the Dead Sea (Neev and Emery, 1967). This problem remains unsettled
when concerning the Great Bahama Bank muds. According to Cloud
(1962) they could also resuit from physico-chemical processes.

The oriigin of muds in the Muschelkalk sea may be only the mafter
of speculation. Because of poverty in the calcareous algae, the first of
the processes discussed above appears the least probable. Bachman (1973)
disagrees with the conception of the origin of mud as a result of dis-
integration and abrasion of organic remains, because of a low grade of
rounding of skeletons. However, the conception mentioned above should
not be disregarded. The organic remains, especially the pelecypod and
gastropod shells tend to break up into microstructural elements of mud
size (cf. Force, 1969). It is not possible to recognize such elements if they
originate from break up of skeletons with fibrous or thinly prismatic
microstructure. The results of break up can be relatively easily distin-
guished in case of shells with thick prismatic structure, because of a con-
siderable size of individual prisms (about 0,15 mm). There are lot of
such particles in the Lima striata Beds (cf. Part I, Pl. V, Fig. 4). Neither
the single prisms nor fragments composed of a few of them indicate
any rounding, whereas the micritized skeletal fragments with their ori-
ginal structure destroyed, are subjected to it. According to the author,
break up and abrasion of skeletal remains were an important source of
carbonate muds. '

The third of the cited sources — the physico-chemical (and biochemi-
cal) precipitation of mud out of the supersaturated marine water can
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not be denied, yet till now it has been too little investigated to be pro-

perly evaluated.

The recent carbonate muds are built of aragonite and high magne-
sian calcite that change to low-magnesian calcite during diagenesis: Mg-
_calcite loses Mg ions as a result of an incongruent dissolution (Berner,
1967, Land, 1967) but aragonite is replaced by calcite in situ (Schlanger,
1964) or dissolved and again precipitated as calcite. Those changes occur
in the diagenetic environment with pore waber devoid of Mg ions.

It is not known whether the comiposition of the Lower Muschelkalk
muds was similar to the recent ones. However, since the neomorphism
is only slightly marked in the microspanite limestones, it appears that
these muds were built mainly of stable minerals (calcite).

According to Folk (1965) the primary carbonate mulds converted into
micrite during diagenesis, can be consequently changed into microspar,
i.e. the more advanced stage of neomorphism. The meomorphic genesis
of microspar can be supported (Folk, op. cit.) by following arguments:
— Microlspar often occurs as patches in unaltered micrite, being in no

relation to the bedding;

— Microspar often starts as fringes around allochems, forming an at-
reole of neomorphism. A radial arrangement of crystals around the
allochemss excludes a detrital origin of microspar;

— Microspar is often associated with terrigencus clay minerals, conside-
red to be a hydraulic equivalent of a calcareous sediment composed
of clay-sized particles,

However, it appears that microspar of the investigated limestones
never existed as micrite. This conception can be supparted by following
observations:

— Microspar often displays a horizontal, parallel and lenticular lamina-
tion and cross-lamination (cf. Part I, Pl. 1II, Fig. 2). These features
point to a transport and segregation of material;

— Microspar growing druse-like on the allochems shows all the fea-
tures of cement (Pl. I, Figs. 1, 2, Pl. II, Fig. 1) and differs from the
cement of biosparite by size only (Pl. IV, Fig. 1). In this case no neo-
morphic aureole can thus be taken into account;

— Microspar of the matrix lacks features characteristic for the neo-
morphic calcite (cf. PL. I, Fig. 1 and Pl. 111, Figs. 3, 4);

— No micrite patches have been found in microspar;

— In favour of existence of various grain sizes in the original carbonate
mud are microsparites (of Permian age) horizontally laminated and
simultaneously graded bedded, that indicates a possibility of micro-
spar origin as a result of a mechanical segregation of mud (Pl. III,
Fig. 1).

Being aware of the importance of the neomorphic processes the
author presumes, however, that neomorphism is not the only way to-
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wards generation of microspar. For exar}nple, microspar c?n be a diage-
netic equivalent of a silt fraction appearing in the original mud (Ba-
thurst, 1959). Moreover, it can also result from a syntaxial cementation
of the primary mud particles growing due to dissolution of the unstable
fp@ﬁtieles. o

In the investigated rocks of the Lower Musschelkalk no micritic lime-
stones have been found.

Basing on all those data it has been accepted that the carbonate n}ud
originating from different sources had been subjected to a m'e'.c}}amc?l
transport and sorting, likewise the clastic material. After deposition, in
the mud soaked with marine water and presenting the same porosity
as the recent muds (cf. Ginsburg, 1957, Pray, 1960, Pray and Choquette,
1966), processes of an early diagenesis begun ie. a gradual dehydrati-
zation, dissolution of unstable particles and precipitation of cement.
A submarine cementation of carbonate muds is accepted by Choquette
(1968) basing on data from isotopic amalyses of oxide and carbon.

The cement crystallized in an optical continuity with crystallites of
organic structures and with mud particles (cf. Bathurst, 1959), changing
the latter into microspar. This process caused a gnadual hardening of
the sediment and elimination of pores. It is possible that the character-
istic elongation of many microspar grains has been caused by a faster
~ growth of cement in direction of the optic axes of the primary particles.
The syntaxial cementation proceéded in the thin layer of the sedi-
ment near the surface, under oxidazing conditions. The source of cement
was marine water supersaturated in respect to CaCO; and unstable
aragonite particles dissoluted during the early diagenesis. Thus origina-
ted microspar is represented by grains slightly bigger than the primary
mud particles.

In the limestone of Middle Triassic, micrite is of little importance.
It appears only as micrite envelopes and crusts and chamber fillings
of some gastropods (cf. Part I). Some peloids are built of micrite too.

Two types of micrite envelopes have been distinguished (cf. Part I).
The emvelopes of the type I are formed as a result of a replacement
of an original! particle by micrite filling vacated microborings (Bathurst
1964, 1966). Micritization is centripetal and gradually eliminates the pmi-
mary substance. In some skeletal remains single, small patches of mi-
crite, corresponding to particular borings, can be noticed (Pl. II, Fig. 4).
The carbonate cement precipitating in borings is of micrite size, because
of small void dimensions. This cement probably results from both the
physico-chemical (Alexandersson, 1972) and the biochemical processes
connected either with metabolism of algae or with the bacterial disinte-
gration of the organic matter (Kendall and Skipwith, 1969, Lloyd, 1971,
Margolis and Rex, 1971, Alexandersson, 1974).

The envelopes of the type I are of variable thickness. Micritization.
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is often limited to the external parts of the attacked allochems, however,
in exfreme case, it can eliminate the primary material and turn the
grain into a peloid (cf. Part I).

Within the micrite envelopes formed on the calcite skeletons, prima-
ry microstructure is partly or wholy preserved, due to a relatively high
stability of the organic calcite.

The micrite envelopes developed on the aragonite remains surround
calcite casts after dissolved aragonite (Pl. II, Fig. 2). It can be assumed
that, after dissolution of the aragonite and before precipitation of the
calcite cement, the micrite envelope surrounded the void. If at this stage
compaction took place, the micrite envelope was breaking, forming col-
lapse structure (cf. Part I, this volume fasc. 2)

Presence of collapse structures in the microsparite matrix indicates
the degree of consolidation of the sediment during compaction (Catalov,
1971). The fragments of micrite envelopes wholly buried in the sediment
indicate dissolution of the organic aragonite and compaction taking place
before consolidation of mud. Broken micrite envelopes, covered with

~cement of the first generation with exception of fracture surfaces, indi-

" cate both dissolution of the organic aragonite before the early cementa-
tion and compaction after crystallization of the first generation cement
(cf. Part I).

Micritization indicates conditions favouring colonization of grains by
microborers. Theise conditions are: a low mobility of colonized gnains
and a sufficient light penetration. The latter is however, of no signifi-
cance in case of the heterotrophic microborers (Frigdman et al., 1971).

The envelopes of the type II (Davies and Kinsey, 1973) are formed
either as a result of a mechanical trapping of mud particles in the sticky
organic film coating the calcareous grains or as a result of a bioche-
mical precipitation of micrite within it. Under pressure the envelopes
behave like those of the type I.

The recent micrite envelopes are built of aragonite and high Mg-cal-
cite (Bathurst, 1966, Winland, 1968, Purdy, 1968, Alexandersson, 1972),
but their fossil counterparts are built of low Mg-calcite.

If to admit that in the marine environment of the Muschelkalk the
aragonite skeletons were coated with aragonite micrite envelopes, then,
since dissolution of the aragonite skeletons in these rocks is known,
a question arises why aragonite of the organic remains became dissolved
when the same mineral of the micrite envelopes was transformed into -
calcite without any visible structural change. Is it possible for the same
mineral to behave differently under identical diagenetic conditions?
Such question cannot be answered unequivocally. However, the author
supposes that the envelopes were buflt not of aragonite as in the recent
environments but of calcite with eventually a slight addition of
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MgCO;. A small amount of Mg*? ioms in the calcite micrite would ex-
plain the high resistance of the micrite envelopes to dissolution.

- Beside the micrite envelopes there appears sometimes a structureless
micrite in form of swellings and knobby crusts on the skeleton or
peloid surfaces (cf. Part I, Pl. II, Fig. 2). According to Catalov (1972)
the crusts present biosedimentary structures of microstromatolite type.
Nevertheless, it is possible that micnitization of encrusting foraminifers
takes place here.

S

Cement

In the Lower Muschelkalk limestones cement is built of calcite grow-

ing free on the grain surfaces and filling up the voids. It is often

quite difficult to distinguish the calcite cement from the neomorphic

(recrystallized) calcite. Here, the criteria presented by Bathurst (1971,
p. 417) can be helpful.

* By the method of staining with alizarine red S and potassium ferri-

cyanide solution (see Friedman, 1959, Evamy 1963, Dickson, 1965, Hut-

chison, 1974) the following varieties of cement have been detected:

— orange-pink non-ferroan calcite cement;

— pink — pale violet cement with small amount of Fe™?

— violet ferroan calcite cement:

— blue, strongly ferroan calcite cement ?

Orange-pink non-ferroan calcite cement

Development of non-ferroan calcite cement depends on the type of
the substratum, size of voids and time of crystallization.

In biosparites, biopelsparites and pelsparites cement develops on the
grain surfaces as layer composed of thin, long, steep-faced crystals re-
latively tightly arranged (Pl. IV, Figs. 1, 5). This kind of cement wals
called palisade cement (Schroeder, 1972). Inside the skeletal grains,
mainly in voids left after the dissolved aragonite shells, the cement
crust is usually very thin and sometimes even absent. In the first case
dissolution of skeletal aragonite begun with some delay in relation to
the cement precipitation but ended early emough for cement to crys-
tallize in voids, forming a layer thinner than on the grain surfaces,
someftimes a layer of tiny initial crystals only. In the second case (lack
of cement crust) dissolution of skeletal aragonite has taken place after
crystallization of the non-ferroan calcite cement (cf. Bachman, 1973).
The steep-faced cement crystals are gemerally niot observed on the com-
paction fracture surfaces. Hence, it appears that cement crystallization
was prior to compaction and to the collapse structure as well (cf. Bath-
urst, 1964). '

1 In the following text the colour of calcite cement means the colour obtained
by staining.
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The palisade cement forms crusts of stable thickness (Pl IV, Fig. 5)

around the grains in the biosparite. However, # in the proximity ce-
ment develops in an optical continuity with the echinoderm plates,
growth of the palisade cement will be stopped (Pl III, fig. 6) by the
syntaxial cement growing faster (cf. Lucia, 1962). Many examples of
cement in an optical continuity with echinoderm ,,monocrystals”, with
radial crystals of foraminifer tests (Pl. IV, Fig. 3), with thin prisms of
ostracied carapaces and prisms of pelecypod shells were noted. »
' The tiny voids left in biomicrosparites mainly after the thin-shelled
fauna, are filled with non-ferroan cement built of more or less izome-
tric crystals of microspar size (20 to 30 pm). This type of cement has
been callled granular cement. . ,

On the whole, the thinnest, slender and steep-faced crystals of the
orange-pink cement were found in the Lima striata Beds (Pl. 1V, Figs.
1, 5). In lower units, especially in the Wolica Beds, cement developed
as rather short and thick crystals. It is possible that this difference was
caused by different quantities of Mg ions in the calcite lattice (cf. Folk,
1973, 1974). .

‘Many examples of microspar-size cement were found on the surfaces
of the skeletal grains embedded in the microsparite matrix (PL. I, Figs.
1, 2, Pl. II, Fig. 1). Those grains were buried in the calcareous mud
where they remafned in no contact with one amother. It has been gene-
rally assumed that the mud enveloping the grains impedes the growith
of cement. However, the author considers the growth of cement possi-
ble, especially if crystallites of organic structures are of an appropriate
crystallographic shape and optical orientation, and the sediment — of
an adequate porosity. As stated by Neugebauer (1974), in chalk type
sediment mainly syntaxial growth of cement with crystallites of some
organic structures (e. g. echinoderm plates, inoceram prisms) has been
observed. This process is influenced by the crystal size and the crystal
shape of the particles. The growith of cement in optical continuity with
such particles is faster than development of cement on grains, which
size, shave and optical orientation are not appropriated. So, it cam be
assumed that presence of microsrar-size cement results from its faster
crystallization on the skeletal grains than on mud particles also sub-
jected to cementation. :

It is remarkable that both the skeletal remains and microspar of
the matrix as well as micrite of the micrite envelopes acquire the same
orange-pink colour as the discussed non-ferroan cememt. So, it means,
that all the processes of micritization, mud cementation leading to for-
mation of microspar, and crystallization of cement occurred under oxida-
zing conditions. A

In the microsparite matrix a phenomenon can be dbserved that con-
firms the hypothesis of the syntaxial cementation of mud ;palrtdldliesm

e
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Some of the microspar grains are characterized by presence of orange-
pink nuclei on which develops the violet calcite in an optical continuity.
The coatact between the differently coloured zones is sharp. These
grains are grouped in small patches scattered in the microsparite ma-
trix of an uniform orange-pink colour.

The process of syntaxial cementation is, most probably, very com-
mon, but it is very difficult to be found because of small crystal size
and possible changes of the oxidation-reduction potential in the diage-
netic environmen{. Under oxidizing conditions the non-ferroan calcite
cement crystallizing on the non-ferroan mud particles forms crystals
Jacking zomial structures.

Ferroan calcite cemenit

Other types of cement: the violet-pink, violet and blue (after stain-
ing) have been called blocky cements (cf. Dunham, 1969, Schroeder,
1972) because of large, izometric crystals which are not, at least appar-
ently, in any relation to the substratum (Pl. II, Fig. 3, Pl. IV, Figs. 1,
5). In the very small voids there sometimes appears the violet granular
cement of the same size and shape as the orange-pink one.

The inftercrystalline boundaries in the mosaic of blocky cement are
often built of plane interfaces and among triple junctions with the
palisade cement, enfacial junctions are not uncommon (cf. Bathurst,
1964, 1971). Thiat proves a gap between crystallization of the palisade
cement and the blocky one.

The coloured variants of the blocky cement often form zonal crystals.
There was found an optical continuity beftween the ferroan calcite ce-
ment, non-ferroan calcite cement and bioclastic nuiclei (Pl. IV, Fig. 4).

The sequence of crystallization of cement around the bioclastic
monocrystals (echinoderm plates) is as follows:

— the orange-pink, non-ferroan calcite cement grows syntaxially, im-
mediately on the surface of the echinoderm plate;

— on it, also in an optical continuity, develops a zone of the violet or
violet-pink cement with a thin subzone next to the non-ferroan cement;
usually, the subzone is of an intemsive violet colour, it is in a sharp
confiact to the non-ferroan calcite cement and, being parallel to the lat-
ter, passes gradually outwards into the violet-pink calcite cement (PL.
IV, Fig. 4);

— the last to crystallize in an optical continuity is the blue calcite ce-
ment. It fills the remaining pore spaces between the grains.

Each zone of the ferroan calcite cement can contain thin, differently
coloured subzones. Their boundaries are usually not sharp in contrast
with the clearly marked external boundary of the non-ferroan calcite
cement. o
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Generations of cement

The above described sequence of the cement crystallization: non-fer-
rcan calcite — sharp boundary — ferroan cement, is the same for all
monocrystals with bioclastic nuclei. A similar sequence oCCurs in voids:
the non-ferroan palisade cement crystallizes directly on the grain surfa-
ces and the internal part of pore spaces is filled with the ferrioan blocky
cement (Pl II, Fig. 3, PL. IV. Figs. 1, 5).

Taking into account colour, shape and position in relation to the
substratum, the non-ferroan orange-pink calcite cement has been consi-
dered as the first generation, and the ferroan blocky cement — as the
second generation (cf. Oldershow, 1971).

Between the crystallization stages of the first and the second gene-
ration cement a time break took place, easily noticed in case of the
sequence: palisade cement — blocky cement. The layer of the steep-fa-
ced (palisade) cement is characterized by a dog-tooth surface separating
both generations (Pl IV, Fig. 1) between which no geneftic relation has
been observed. Discontinuity of crystallization is also stressed by pre-
sence of the compaiction fracture surfaces not lined with the palisade
cement but covered directly by crystals of the blocky cement (cf. Ba-
thurst, 1964). This discontinuity is not seen in case of monocrystals with
bioclastic nuclei where the zonal structure is visible only after applica-
tion of staining.

The simple and clear scheme of the sequence of cement crystalliza-
tion is slightly disturbed by the ferroan granular cement. It cannot be
distinguished from the non-ferroan granular cement and even from the
microsparite matrix without application of staining. This cement appears
rarely: Its relation to the blocky cement is not clear. It is possible that
granular ferroan cement represenfts the first generation developed un-
der conditions of the negative oxidation-reduction potential. However,
there is another possibility: the ferroan granular cement is the one of
the second generation, of size limited by void dimensions.

According to the research in recent (reef) sedimentary-diagenetic en-
vironments, there appear in a relatively short interval of time several
cement generations which do not result from macro-changes of environ-
mental agents. The repeating processes of sedimentation and cementa-
tion run almost simultaneously, and cement (aragonite and Mg-calcite)
is characterized by a variable fabric (cf. Ginsburg et al., 1971, Schroe- '
der, 1972, 1973 and others). So, separation of the only two cement ge-
nerations in the Lower Muschelkalk limestones is a considerable simpli-
fication. However, as a generation, all the cement crystallizing unider
stable in the macro-scale diagenetic conditions should be taken into
account and, it is possible, that as a result of subtle changes of the en-
vironment, subgenerations could have lbeen generated. Nevertheless,
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a picture of such cement subgenerations in rather monotonous micro-
sparites and biomicrosparites is much less clear than in reefs with their
primary an secondary voids in which all generations of internal sedi-
ments and the cementation stages can be registered (cf. Zankl, 1971,
Schmidt, 1971, Ginsburg and Schroeder, 1973, Schroeder and Zankl,
1974). Attemps to distinguish such subgenerations were succesful for
definite beds only. But, as up till now, no general correlation has been
reached. Probably, one could attain much better results by applying
cathodoluminescence (cf. Meyers, 1974).

Discussion

The first generation cement has been considered as an early diage-
netic product of calcium carbonate crystallization in marine environ-
ment, and the second generation cement — as an effect of crystalliza-
tion under relatively deep subsurface conditicns.

An early submarine cementation is supported by the following:

— Lack or only slight traces of compaction in microsparites a@‘d biomi-
crosparites (coprolites are not compacted);

— Presence of intraclasts being at the moment of erosion, in various
stages of consolidation, completely Ulithified included (cf. Zankl,
1969);

— Presence of rock-borers, serpulids and oyster-like pelecypods, connec-

~ ted with the existence of hardgrounds.

- During crystallization of the first generation cement the dia@enetic
marine environment was under oxidazing conditions. Another possibili-
ty — reducing conditions and lack of Fe2™ ions is less possible, although
the final effect in form of non-ferroan calcite cement woould be the
same. Evamy’s suggestions (1969) that the non-ferroan calcite cement
was being formed above the ground walter table under subaerial condi-
tion (i. e. in vadose zone) are not motivated in case of the Lower Mu-
schelkalk deposits. Neither the meniscus (Dunham, 1971) nor the gravi-
tational (Miiller, 1971) nor the stalactite cement (Purser, 1969, 1971)
which are considered as cementation criteria for the vadose zone have
been found. There is, as well, no vadose internal sediment in voids (cf.
Dunham, 1969). Sediment covering the first generation cement appears
only in case of infiltration of the material from the overlying bed, bring-
ing one more evidence of the considerable speed of cementation.

It is possible, that under generally oxidizing conditions of the early
diagenetic environment the negative oxidation-reduction potential and
consequently, crystallization of the ferroan granular calcite cement could
have occurred. The cause of such changes could be found in a Ilocal
accumulation of the decaying organic matter or in a strong supply of
clay hampering the exchange of the marine water with the one pene-
trating through the sediment.
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The source of the first generation cement was calcium carbonate ori-
ginating partly from the dissolved skeletal aragonite remains and partly
from marine waters saturated with respect to CaCOs.

In pace with growing thickness of deposits, the solutions penetrating
partly cemented sediments, were gradually losing contact with marine
water, what, most probably, brought about the end of the first (early
diagenetic) phase of cementation.

The ferroan blocky calcite cement of the second generation was de-
velopping in a different diagenetic environment. Its crystallization was
slow, plossibly with time breaks, resulting in lange, often izometric cal-
cite crystals. Because of reducing conditions, some Ca ions in the calci-
te lattice were substituted by Fe* ions. The variable amount of Fe?*
ions, causing a characteristic scale of colours in calcite crystals, proba-
bly reflects the changes in the chemical composition of pore solutions
(cf. Evamy, 1969).

It is difficult to establish when the second phase of cementation of
carbonate sediments began. Nevertheless, it did not immediately follow
the early cementation stage. It is indicated mot only by the compaction
(collapse) structures, but also by the pressure-solution which results,
among others, in microstylolites. In the pressure-solution processes par-
ticipated the grains, the matrix and the first generation cement but not
the second generation one. :

At the end of the Late Triassic the Lower Muschelkalk deposits were
not deeply buried. The rocks of the Middle and the Upper Muschel-
kalk are not of big thickness (some tens of metres) and the Keuper se-
diments were in a great part removed in result of pre-Rhaetian uplift
and following erosion (Senkowiczowa, 1970). So, one can assume that
the diagenetic processes were somehow influenced by meteoric waters
deeply penetrating and mixing with relic pore solutions of marine ori-
gin. The meteoric waters, poor in Mg ions brought about the final eli-
mination of aragonite remains, preserved till then. Crystallization of the
blocky calcite began froma the solutions enriched with calcium carfcona-
te. Cementation took place probably in the phreatic zone where the re-
ducing conditions and considerable mobility of walter could be expec-
ted. According to Land (1970), cementation in the phreatic zone is much
faster than in the vadose zone, allthough, there are different opinions
on this subject (cf. Benson, 1974).

As a source of the second generation cement, the dissolution of the
organic aragonite and pressure-solution, should be considered, especially
in relafion to the marly sediments. Whether these sources provided an
amount of CaCO; adequate for cementation — it is not known. Stylo-
litization could be considered as a potential source of cement, but some
of stylolites are younger than the blocky calcite cement.
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Mineral composition of the cement of the finst and the second
generations

The second generation cement was developing under conditions of

purial and inflow of meteoric waters usually poor in Mg ions. There is

qo doubt that it was built of the miost stable form of CaCO; i. e. the
low Mg-calcite. '

The question of the first gemeration cement now also built of low

Mg-calcite, is more complicated. As an early diagenetic component cry-

stallizing under submarine conditions it should be, from the actualistic

point of view, aragonite or Mg-calcite. Had it be aragonite primarily,
it would have to be subjected, in the late diagenetic environment of
pore solutions poor in Mg ions, to neomorphic changes or, like the or-
ganic remains, dissolved. According to Schneidermann et al. (1972), Sand-
berg et al. (1973) and Sandberg (1975a, b) in the neomorphic calcite
some relics of the primary aragonite structure of organic and inorganic
origin (for example cement) are preserved. However, in the calcite cry-
stals of the first generation cement neither aragonite relics (Pl IV, Fig.

1) nor features typical of neomorphic calcite have been found. This ce-

ment is definitely a product of direct crystallization from solutions.

It is possible that the cement of the first generation now presenit in
the rocks, replaced the earlier aragonite cement completely dissolved
under conditions of fresh water inflow. In such a case, it should be ac-
cepted that these processes took place in the vadose zone where the po-
sitive oxidatfon-reduction potential, necessary for the crystallization of
the non-ferroan calcite cement, could be expected, and where the fresh
waters would make the low Mg-calcite development possible. Angu-
ments againts the vadose zone as the environment of the diagemetic
changes are as followss:

— Lack of internal sediments in the primary and secondary voids (cf.
Dunham, 1969);

— Lack of relation between the meomorphosed skeletal grains (see p.
313 and the first generation cement;

— Lack of meniscus (Dunham, 1971), gravitational (Miiller, 1971) and
microstalactite cements (Purser, 1969, 1971);

— Presence of early diagenetic gypsum in beds now situated in the
saturation zone (bore-hole Piekoszéw 1G-1); this mineral was remov-
ed from rocks being mow in the vadose zone and remaining voids
were filled with silica of lutecite type (cf. Folk and Pittman, 1971,
Siedlecka, 1972).

Because of the lack of proofs for the vadose cementation, together
with the arguments stated above (p. 307) in favour of the submarine ce-
mentation, the author assumes that the first generation calcite cement
was a low Mg-calcite, eventually, with a slight addition of MgCO;.
Two stages of cementation were distinguish: the symsedimentary
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submarine cementation (cement of the first generation) and the late dia-
genetic cementation under shallow burial (cement of the second genera-
tion). The diagenetic processes (among others stylolitization, and cry-
stallization of cement in the tectonic fractures) probably continued un-
der relatively deep burial caused by sedimentation of Jurassic and Cre-

‘taceous deposits.

The crystallization of calcite cement in the Muschelkalk sea would
have been possible if Mg/Ca ratio in the marine water was lower than
92:1 (recenitly 5:1). A possibility of such conditions in the amcient seas
is suggested by Sandberg (1975b). According to this author the abun-
dant development of planktonic foraminifers and cocicolithophorids buil-
ding the skeletons of low Mg-calcite, could have highly influenced the
increase of Mg/Ca ratio through binding and removing Ca idons from
the oceanic system (cf. Li et al., 1969).

The highest part of the Lima striata Beds was deposited under dif-
ferent conditions than the lower units so one can assume that its syn-
sedimentary cementation run in different way. A griadual increase in
salinity, indicated by appearance of an early diagenetic gypsum, and
extinction of fauna at junction of the Lower and Middle Muschelkalk,
could have influenced both the diagenetic environment and the kind of
the crystallizing cement. Thus, one should consider that both the pri-
mary aragonite and the Mg-caicite cemenits could have existed in those
deposits, especially, since some signs of neomorphism of the first genera-
tion cement have been indicated (see p. 313, 314). So, dissolution of ara-
gonite shells before deposition of the immediately higher sediment re-
quires some explanation (cf. Part I, p. 219). The author suggests that
some parts of the marine bottom could have emeriged, locally and for
a short time only. It is possible, that those parts were either situated
in the tidal zone or even in supratidal one from time to time flooded by
waves, so that the marine water was penetrating into deposits. Salt con-
centration was growing up due to evaporation, thus resulting in precipi-
tation of gypsum. Subsequenfly, in periods of intensive rainfalls, the
aragonite skeletons close to the sediment surface were being dissolved. .

NEOMORPHISM

In 1965 Folk suggested ”a comprehensive term of ignorance” i. e. neo-
morphism, to describe the transformations between one mineral and
itself or a pclymorph. Neomorphism includes inversion (or a polymor-
phic transformation) and recrystallization but does not concern replace-
ment of a mineral by any other one of a different chemical composi-
tion.

In this paper the term ’’neomorphism” concerns only the aggrading
neomorphism (Folk, 1965). The author could not find any example of
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the degrading neomorphism i. e. diminution of grains as a result of re-

crystallization (cf. Orme and Brown, 1963, Wiolf, 1965). Formiaftion of

micrite envelopes i. e. micritization, is not connected with recrystalliza-
tion but with crystallization of cement in borings.

. In the Lower Muschelkalk deposits the neomorphic transformations

are easy to trace within organic structures.

In respect to the grade of neomorphism the organic remains have

been divided as followss:

—- Elements of primary microstructure preserved; under the light micro- ‘
scope no transformations were found in them;

— Elements in which stages of the neomorphic transformations may be
obiserved; .

— Neomorphosed elements with weak relics of primary structure.

The first group is represented by skeletal remains of echinoderms,
brachiopods, nodosarids, serpulids, ostracods and by some calcite layers
of pelecypod shells (e. g. Lima striata). These skeletons or their parts
were priobably built, like the recent forms, of low and high Mg-calcite.
In case of skeletons built of Mg-calcite the loss of Mg ions and trans-
formation into the low Mg-calcite was being accomplished without any
changes in their microstructure, that could be observed under the light
microscope (cf. Friedman, 1964). However, there can be some ultrastruc-
tural changes visible under the electron microscope only (cf. Sandberg,
1975a). They were observed in ostracod valves, Under the light micro-
scope the microstructure of an ostracod valve makes an impression of
an unchanged homogenous-prismatic one, what is furthermore, empha-
sized by the syntaxial cement. However, on a SEM photomicrograph,
a clearly developed cement can be observed but the prismatic structure
is at least problematic (Pl. II, Fig. 3).

The second group contains the elements in somehow »lixed” stages
of neomorphic transformations. Here predominate pelecypod shells or
more exactly, the calcite layers of their shells, usually accompanied by
cement casts of the primary aragonite layers.

Neomorphism is performed as follows:

— In the primary microstructure comjposed of crystaliites generally in-
distinguishable under the light microscope, some single neomorphic
crystals appear (Pl. III, Fig. 2), which are of irregular shapes and
with tendency to imitate the primary framework;

— Growth of the neomorphic crystals causes their extention beyond the
shell layer where the neomorphism begun; relics of layered struc-
ture as dark ghost lines transect neomorphic sparry mosaic (Pl. III,
Figs. 2, 3, 4);

— In the final stage, a mosaic of irregular neomorphic crystals, elon-

gated normal to the layer surface is formed, and ghost lines disap-

pear in places (Pl III, Figs. 3, 4).
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A typical feature of the neomorphic calcite crystals is an undulose
or semi-composite light extinction and usually orientation of optic axes

normal to the direction of crystal elongation. This phenomenon Wwas
observed by Lindholm (1974), in respect to calcite crystals considered
by the mentioned author, as neomorphic.

To the third group there belong the skeletons of pelecypods and ga-
stropods, built of necmorphic caleite only, without any traces of the pri-
mary structure, apart from the ghost lines. These remains are in the fi-
nal stage of neomorphism.

A characteristic feature of the organic remains of all three groups IS
their pale-brown colour and pseudo-pleochroism (cf. Hudson, 1962). To-
gether with increasing intensity of neomorghism the brown colour
grows paler.

To a separate group belong skeletons (mainly pelecypod remains)
built of a single calcite crystal with undulose extinction, in which some
prown inclusions appear oriented according to a scheme conditioned,
most probably, by the primary microstructure. These inclusions can be
oriented: parallely to layer surface of a shell, perpendicularly and obli-
quely to it; the optical axes are oriented in the same way. The light
extinction is wavy, as, for example, in the calcite shell layer of Lima

| striata. However, in the latter case, the homogenous-prismatic microstruc-
s ture of the layer is visible — in the skeletons mentioned above, no de-
%‘ tails of the primary structure can be distinguished. Taking into conside-

l ration the orientation of inclusions and of optic axes, the primary struc-
|

| ture of particular skeleton can be approximately reconstructed: a paral-
11 lel orientation of optic axes and lines of inclusions indicates a fibrous
' strudture with the orientation of crystallites parallel to a layer surface,
wheress the normal orientation indicates a prismatic structure witth
Hfi crystailites perpendicular to the layer surface. An oblique orientation
\l indicates a prismatic structure with crysstallites inclined to the layer
surface.
Although, in the microstructure of the elements mentioned above
some transformations took place, which obliterated the individual fea-
 tures of particular crystallites, the author is mot sure, mainly because
of lack of reorientation of the optic axes, whether the neomorphism can
be taken into account. Most probably, obliteration of crystallites was
caused by the loss of organic matter. A similar phenomenon was obser-
il ved in foraminifers of radial structure though in their ultrastructure
i no transformations were found (Pl. IV, Fig. 3).

Subsequently, a question arises: at what stage of diagenesis did the
neomorphic transformations take place? The following observations help
to dissolve this problem:

— The first generation cement grows in an optical comtinuity with the
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ements of pmefsnervetd primary structure but it does not form crystals
taxial with neomorphic calcite;

. The second generation cement grows in an optical continuity with
als of neomorphic calcite. If a skeleton is surrounded by the two
cement generations, the calcite of the second generation is in an optical
continuity with neomorphic calcite of organic structure but the first
generation calcite cement preserves its individuality (PL III, Fig. 3, 4);
In case of an optical continuity between the second generation ce-
ment and nmeomorphic calcite the optic and crystallographic axes are
oriented normally to the layer surface. Inside the shell, where no con-
tact between neomorphic calcite and cement exists, the optic axes of
the neomorphic calcite are mostly perpendicular to the elongation (cry-
g,t.avllographic axes) of crystals (cf. Lindholm, 1974).

Basing on the above given data, one can assume that neomorphism
was simultaneous with development of the second generation cement
_ (cf. Benson, 1974). The neomorphic transformations were, most prob-
‘ably, influenced by pore solutions from which cement was precipitated.
It is difficult to established whether orientation of neomorphic calcite
was forced by cement crystallizing syntaxial with it or, to some ex-
tend, by the primary microstructure. The author considers the first pos-
sibility as more probable, at least in the zone of junction of cement
with the neomorphosed orgamic structure. As indicated by Schroeder
(1973), skeletons may be replaced by neomorphic calcite which is in
an optical continuity with the blocky, low Mg-calcite, though the ara-
gonite cement of an older generation occurring between the blocky ce-
ment and neomorphic calcite, is not affected by the transformations.
 The primary mineral composition of the neomorphosed skeletal re-
mains will be discussed next.

- Aragonite cannot be considered as mineral building up skeletons of
the second group because the still preserved primary microstructure
gives a negative result when treated with Feigl’s solution (Pl. III,
Fig. 2). The fact of different neomorphic stages being ,fixed” in a ske-
leton may be eventually explained by different amount of Mg ions in
crystallites and related different response to neomorphic transforma-
tions.

The skeletons of the third group could be built of Mg-calcite - as
well as aragonite. However, they are often accompanied by cement
casts, what points at an early dissolution of aragonite layers. Thus,
in such cases, it is more probable that the neomorphosed layers had
been primarily built of Mg-calcite.

In the higher part of the Lima striata Beds, examples have been
found, indicating neomorphism of the first generation cement. In fact
an optical continuity was found betiween both generations of cement
Ei — Rocznik PTG XLVIII/3—4
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and the neomorphic calcite of skeletal remains. The remains and the

first generation cement are orange-pink coloured, whereas the second
generation cement, growing syntaxially with the former, is blue. Change
of colour between these two generations is mot sharp. In this case the
sequence of the diagenetic events has been as follows:
— Crystallization of the first generation cement (aragonite and/or Mg-
—callcite) on skeletal grains;
— Crystallization of the late diagenetic cement (the second generation)
from pore solutions with simultaneous neomorphism of both mefbasta-
ble cement of the first generation and of the organic remains.
Moreover, within the blocky cement, some smalll pores were found,

(PL. IV, Fig. 2), which may indicate an early presence of the primary
aragonite cement (cf. Schneidermann et al., 1972, Sandberg et al., 1973).
The question of neomorphic changes in the Muschelkalk deposits re-
quires still more investigations.

. Essentially, the neomorphic events are limited to the examples here

discussed. In some deposits, recrystallization within coprolites (the Li-

ma striata Beds) can be found, sometimes also in other peloids. Though,
such examples are more rare than it should be expected.

CONCLUSIONS

Diagenesis includes changes occurring in a sediment under condi-
tions of a relatively low temperature and pressure, and leading to trans-
formation of loose sediments into hard rock. Choquette and Pray (1970)
distinguished three stages of diagenesis: eo-, meso- and telogenetic.
Eogenesis includes a time interval beginning with the final deposition
and ending with burial of sedimentts. The mesogenetic stage includes
the period of a more or less deep burial of sediments, where the oper-
ating processes are not immediately influenced by surface agents. The
telogenetic stage is connected with rock uplift, erosion and weather-
ing. In comparison to other authors (cf. Strachow, 1953, 1960, Fairbridge,
1967, Chilingar et al., 1967), Choquette and Pray (op. cit.) enlar-
ged the notion of diagenesis by incorporating into it the weathering
processes reaching down to the ground water level. The aufhor adoptts
the terminology of the cited authors but excludes the telogenetic stage
from diagenesis.

In relation to the Lower Muschelkalk deposits, during gogenetic
stage the following processes were operating: partial dissolution of or-
ganic aragonite, bioturbaltions, an early cementation (cememt of the firist
generation), a gradual dehydration of a sediment accompanied by
a slight compaction and, in places, crystallization of gypsum.

In the mesogenetic stage, there took place: processes of compaction
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ind pressure-solution, further dissolution of still existing aragonite ske-
stons, a late diagenetic cementation (cement of the second generation)
accompanied by neomorphism of metastable minerals, and stylolitiza-
ion. Migration of silica should be also taken into account in this
tage.

.~ The telogenetic stage is connected with karts processes, dissolution
. gypsum and precipitation of silica in place of the latter. Those pro-
cesses were not investigated in detail.

The diagenetic processes, and conditions under which they opera-
d in the Lower Muschelkalk deposits, were as follows:

Before the final deposition of some sediments, there occurred rrnthm-
tion of skeletal grains and, locally, intra- and intergranular cemen-
ion of many partidles of manifold origin, lying on the sea bottom in
contact with one another, from which grapestones and other peloids
generated. Subsequently, those grains were redeposited, partly at least,
and formed cross laminated or horizontal laminated sediments.

9. The main phase of the early diagenesis (the eogenetic stage) begun
with the final deposition of the sediment. Diagenesis was considerajly
conditioned by the type of the sediment and rate of its deposition (cf.
Shinn, 1969). In calcareous muds, a gradual dehyldratization and decre-
ase in porosity took place (cf. Ginsburg, 1957). Probably, dehydratiza-
tion wias of little importance iin more coarse-grained sediments devioid
of mud.

In areas of slow sedimentation, the early cementation was pmobably
almost simultaneous with deposition. To deposits of such type belong
mainly microsparites and some biomicrosparites, where postdepositio-
nal trace fossils as well as coprolites are found. The lack of Fe?* jons
in calcite lattice indicates that the early diagenetic cement (the first
generation) was being formed in an oxydizing environment. The trace
fossils are also proofs of the oxydizing conditions.

Presence of intraclasts, lithified coprolites and rock-borers, as well
as dlight compaction in microsparites, indicate a fast cementation in
the submarine environment. The source of the cement was mamine wa-
ter supersaturated with CaCO,; and the dissolved organic aragonite.

A mineral precipitated as cement of the first generation was cal-
cite, probably containing a low percent of MgCO,. However, taking
into consideration the change of crystal habit (cf. Folk, 1973, 1974) in
the Muschelkalk profile, it can be assumed that in the upper parts of
the Lower Muschelkalk sequence, the chemical composition of calcite
cement was being gradually changed, the amount of Mg ions was gro-
wing due to an increase in salinity and evaporation.

No proofs of precipitation of aragonite cement nor of neomorphism
of the first generation cement (with exiception of the cement in the
upper part of the Lima striata Beds) and, evidences of dissolution of

3*
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aragonite skeletons, suggest that in the Early Muschelkalk sea the
Mg/Ca rmatio was different than in the recent oceans. Quite probably,
this ratio was lower than 2:1; so, there was a possibility of nuicleation
of inorganic calcite (cf. Folk, 1974, Sandberg, 1975b) as cement (acti-
vity of bacteria and algae could be important). Precipitation of arago-
nite cement could have occurred in the higher part of the Lima striata
Beds, because of an increase in salinity and crystallization of CaCOs
and gypsum; thus a gradual elimination of Ca ions from solution and
a rising Mg/Ca ratio took place.

The calcite cement of the first generation is a cement growing syn-
taxially with cr}ﬂs'ttaﬂllﬁibeis of organic structures, and probably, with the
calcareous mud particles. It seems, that increase of grain size of primary
carbonate mud up to microspar size, also results from this process.

Growth of the palisade cement of microspar size was observed on
Skeletal remains buried in mud. Because the crystals are small they

can be distinguished from the microsparite maltrix only by applying
 of an electron microscope. .
3. The mesogenetic stage begun when thickmess of the overlying sedi-
ment increased and the marine water supply was cut off. Compaction
resulting from accumulation of the overlying beds caused collapse
structures in partly cemented but still porous sediment. Thus, the com-
padtion fracture surfaces lack cement of the first generation, what
allows to consider the compaction as early mesogenetic.

During Keuper and Rhaetian, in connection with sea regression and
uplift, meteoric water deeply penetrating and mixing with relics of
marine pore fluids, had probably a considerable influence on diagene-
sis. From those poor in Mg ions solutions dissolving the still preserved
aragonite skeletons, the blocky cement of the second generation cry-
stallized. Simultaneously, meteoric waters enabled recrystallization (neo-
morphism) of grains built of meltastable carbonates. :

The late diagenetic cementation (second generation) was taking place
under reducing conditions, what is indicated by presence of Fe?* joms
in the lattice of the blocky calcite. ;

The main source of cement of the second generation is not kmowmn.
Some amounts of CaCO,; could have been supplied by both the pressure-
solution and dissolution of organic aragonite.

4. The telogenetic stage started at the moment of uplift of rocks to
the subsurface zone. The main processes were: karst formation, dissol-
ution of gypsum and migration of silica as well as its precipitation

Manuscript receizged IX 1977
accepted V 1978




— 317 —

REFERENCES — WYKAZ LITERATURY

Alexandersson T., 1969. Recent littoral and sublittoral high-Mg calcite lithi-
fication in the Mediterranean. Sedimentology, 12: 47—61. , :
Alexandersson T., 1972. Micritization of carbonate particles: processes of
1 precipitation and dissolution in modern shallow-marine sediments. Bull. Geol.

Insts. Univ., Uppsala, N. S., 3: 201—236.

;‘&lexand ersson T. 1974, Carbonate cementation in coralline algal modules in

the Skagerak, North Sea: biochemical precipitation in undersaturated waters.

J. Sediment. Petrol., 44: 7T—26. :

Bachman G-H, 1973. Die karbonatischen Bestandteile des Oberen Muschelkal-

' kes (Mittlere Trias) in Sitidwest-Deutschland und ihre Diagenese. Arb, Inst.

Geol. Palidont. Univ. Stuttgart, N. F, 68: 1—99.

_ Bathurst R. G. C., 1959, Diagenesis in Mississippian calcilutites and pseudo-

breccias. J. Sediment. Petrol., 29: 365—376.

Bathurst R. G. C., 1964, The replacement of aragonite by calcite in the mollu-

scan shell wall. IN: J. Imbrie and N. D, Newell (Eds). Approaches to Paleo-

‘ecology. Wiley, New York, p. 357—376.

Bathurst R. G. C. 1966, Boring algae, micrite envelopes and lithification ot
molluscan biosparites. Geol. J., 5: 15—32.

Bathurst R. G. C, 1971. Carbonate sediments and their diagenesis. Developments
in sedimentology, 12, Elsevier, 620 pp.

Benson L. V. 1974. Transformation of polyphase sedimentary assemblage into
a single phase rock. J. Sediment. Petrol., 44: 123—135. :
Berner R. 'A., 1967. Comparative dissolution characteristics of carbonate mine-
rals in the presence and absence of aqueous magnesium ion. Am. J. Sci., 265:

45—70. '

Chilingar G. V., Bissel H. J, Wolf K. H. 1967. Diagenesis in carbonate
rocks, Developments in sedimentology, 8: 179—322. Elsevier, Amsterdam.
Choquette P. W. 1968. Marine diagenesis of shallow marine lime-mud sedi-

ments: insights from O and C!2 data. Science, 161: 1130—1132.

Choquette P. W,, Pray L. C., 1970. Geological nomenclature and classification
of porosity in sedimentary carbonates. Am. Assoc. Petrol. Geol. Bull., 54: 207—
250. ‘ '

Cloud Jr. P. E, 1962. Environment of calcium carbonate deposition west of An-
dros Island, Bahamas. U. S. Geol. Surv., Profess. Papers, 350: 1—138. -

Catalov G. 1971. Certain diagenetic processes in the progress of lithification
of the Triassic limy sediments in the Teteven Anticlinorium, Geol. Inst. Bull.
Ser. Stratigraphy and Lithology, 20: 157—176. Bulgarian Acad. Sci. (in bulg.
english summary).

Catalov G. A. —UatanosT. A., 1972. MEKPOCTPOMATOJINTEL B HEKOTOPBIX TPHACCOBLIX H3Be-
CTHAKAX u HX reHermueckoe sHauveHue. C. R. Acad. Bulg. Sci., 25: 369—372.

Davies P. J, Kinsey D. W, 1973. Organic and inorganic factors in Recent
beach rock formation, Heron Island, Great Barrier Reef. J. Sediment. Petrol.
43: 59—81. ’

Dickson J. A. D, 1965. A modified staining technique for carbonates in thin
section. Nature, 205: 587.

Dunham R. J., 1969. Early vadose silt in Townsend mound (reef), New Mexico.
IN: G. M. Friedman (ed.), Depositional environments in carbonate rocks:
a Symposium — Soc. Econ. Mineral. Paleont. Spec. Publ., 14: 139—181.

Dunham R. J.,, 1971. Meniscus cement. IN: O, P. Bricker (ed.), Carbonate cements.
Studies in Geology, 19: 297—300. Johns Hopkins Press, London, Baltimore.




— 318 —

Evamy B. D, 1963. The application of a chemical staining technique to a study
of dedolomitization. Sedimentology, 2: 164—170.

Evamy B. D, 1969. The precipitational environment and correlation of some
calcite cements deduced from artificial staining. J. Sediment. Petrol., 39: 787—193.

Fairbridge R. W. 1967, Phases of diagenesis and authigenesis, IN: G. Larsen
and G. V. Chilingar (Eds.), Diagenesis in sediments. Developments in sedimen-
tology, 8: 19—89. Elsevier, Amsterdam. '

Folk R. L. 1959. Practical petrographic classification of limestones. Am. Assoc.
Petrol. Geol. Bull., 43: 1—38.

Folk R. L., 1962. Spectral subdiwvision of limestone types. IN: W. E. Ham (ed),
Classification of carbonate rocks. Am. Assoc. Petrol, Geol., Mem, 1: 62—84.
Folk R. L. 1965. Some aspects of recrystallization in ancient limestone. IN: L.C.
Pray and R. C. Murray (eds.), Dolomitization and limestone diagenesis: a Sym-

posium — Soc. Econ. Paleont. Mineral Spec. Publ., 13: 14—18.

Folk R. L., 1973. Carbonate pe«tamg\i‘lap!hy in the Post-Sorbian age. IN: R. N. Gins-
burg (ed.), Ewvolving concepts in sedimentology. The Johns Hopkins Univer-
sity Press, Baltimore and London, p. 118—158.

Folk R. L., 1974. The natural history of crystalline calcium carbonate: effect of
magnesium content and salinity. J. Sedim, Petrol., 44: 40—53.

Folk R. L., Pittman J. S, 1971. Length-slow chalcedony: a new testament
for vanished evaporites. J. Sediment. Petrol., 41: 1045—1058. :

Force L. M. 1969. Calcium carbonate size distribution on ‘the west Florida
shelf and experimental studies on the microarchitectural control of skeletal
breakdown. J. Sediment. Petrol,, 39: 902—934.

Friedman G. M., 1959. Identification of carbonate minerals by staining meth-
ods. J. Sediment. Petrol., 29: 87—97.

Friedman G. M., 1964, Early diagenesis and lithification in carbonate sedi-
ments. J. Sediment. Petrol., 34: 777—813. _

Friedman G. M, Gebelein C. D, Sanders J. E., 1971. Micritic en-
velopes of carbonate grains are not exclusively of photosynthetic algal origin.
Sedimentology, 16: 89—96.

Ginsburg R. N, 1957. Early diagenesis and lithification- of shallow water
carbonate sediments in south Florida, IN: R. J, LeBlanc and J. G. Breeding
(eds.), Regional aspects of carbonate deposition — Soc. Econ. Paleont. Mineral.,
Spec. Publ., 5: 80—99.

Ginsburg R. N, Marszatek D. S, Schneidermann N, 1971. Ultra-
structure of carbonate cements in Holocene algal reef of Bermuda. J. Se-
diment. Petrol., 41: 472—482.

Ginsburg R. N, Schroeder J. H, 1973. Growth and submarine fossiliza-
tion of algal cup reef, Bermuda. Sedimentology, 20: 575—614. . .

Hudson J. D. 1962. Pseudo-pleochroic calcite in recrystallized shell limesto-
nes. Geol. Mag., 99: 492—500.

Hutchison C. S. 1974 Laboratory handbook of petrographic techniques
Carbonates. Wiley. London. p. 24—30. _ o .
Kendall C. G. S. C., Skipwith P. A. D'. E, 1969. Holocene shallow water car-
bonate and evaporite sediments of Khor al Bazam, Trucial Coast, southwest

Persian Gulf. Am. Assoc. Petrol. Geol. Bull., 53: 841—869. o

Land L. S, 1967. Diagenesis of skeletal carbonates. J. Sediment. Petrol., 31: 914—
930. . , - _ ’ .

Land L. S, 1970. Phreatic versus vadose meteoric diagenesis of limestones: evi-
dence from a fossil water table. Sedimentology, 14: 175—185. -




— 319 —

}ai"Y—-—{H., Takahashi T, Broecker W. S, 1969. Degree of saturation of
CaCO; in the oceans. J. Geophys. Res. T4: 5507—5525. | .
ndholm R. C., 1974. Fabric and chemistry of pore filling calcite in septa-
rian veins: models for limestone cementation. J. Sediment. Petrol., 44: 428—440.
I.loyd R. M, 1971. Some observations on Recent sediment alteration (,micri-
tization”) and the possible role of algae in submanine cementation. IN: O. P.
Bricker (ed.), Carbonate cements. Johns Hopkins University Press, Baltimore,
p. 72—79. '
Towenstam H. A, 1955. Aragonite needles secreted by algae and some sedi-
mentary implication. J. Sediment. Petrol., 25: 270—272. :

r,ucia F. J, 1962. Diagenesis of a crinoidal sediment. J. Sediment. Petrology,

32: 848—865. '

Margolis S, Rex R. W., 1971. Endolithic algae and micrite envelope forma-

tion in Bahamian oolites as revealed by scanning electron microscopy. Geol.

Soc. Am. Bull., 82: 843—852.

Matthews R. K, 1966. Genesis of Recent lime mud in southern British Hon-

' duras. J. Sediment. Petrol., 36: 428—454.

Meyers W. J., 1974. Carbonate cement stratigraphy of the Lake Valley For-

mation (Mississippian), Sacramento Mountains, New Mexico. J. Sediment. Pe-

trol., 44: 837—861.

Miller G., 1971. ,Gravitational” cement: an indicator for the vadose zone o
the subaerial diagenetic environment. IN: 'O. P. Bricker (ed.), Carbonate ce-
ments, Johns Hopkins University Press, Baltimore, p. 301—302.

Neev D, Emery K. O, 1967. The Dead Sea. Depositional processes and en-
vironments of evaporites. Israel Geol. Surv. Bull., 41: 1—147. _

Neugebauer J., 1974. Some aspects of cementation in chalk. IN: K. J. Hsii
and H. C. Jenkyns (eds.), Pelagic sediments: on land and under the sea.
Inter. Assoc. Sedim., Spec. Publ., 1: 149—176.

Oldershaw A. E., 1971. The significance of ferroan and non-ferroan cai-
cite cements in the Halkin and Wenlock limestone (Great Britain). IN: O. P.
Bricker (ed.), Carbonate cements. Johns Hopkins Press, Baltimore, p. 225—229.

Orme G. R, Brown W. W. M., 1963. Diagenetic fabric in the Avonian lime-
stones of Derbyshire and North Wales. Proc. Yorkshire Geol. Soc., 34: 51—66.

Pray L. C, 1960. Compaction in calcilutites. Geol. Soc. Am. Bull., 71: 1946 (ab-
stract).

Pray L. C, Choquette P. W., 1966. Genesis of carbonate reservoir facies
Am. Assoc. Petrol. Geol. Bull., 50: 632 (abstract).

Purdy E. G, 1968. Carbonate diagenesis: an environmental survey. Geol. Ro-
mana, 7: 183—228.

Purser B. H., 1969. Syn-sedimentary marine lithification of Middle Jurassic
limestones in the Paris Basin. Sedimentology, 12: 205—230.

Purser B. H., 1971. Middle Jurassic synsedimentary marine cements from the
Paris Basin, France. IN: O. P. Bricker (ed.), Carbonate cements. Johns Hop-
kins Press, Baltimore, p. 178—184.

Sandberg P. A, 1975a. Bryozoan diagenesis: bearing on the nature of the
original skeleton of rugose corals, J. Paleont., 49: 587—606.

Sandberg P. A, 1975b. New interpretations of Great Salt Lake ooids and of
ancient non-skeletal carbonate mineralogy. Sedimentology, 22: 497—537.

‘Sandberg P. A, Schneidermann N, Wunder S. J., 1973. Aragonitic

ultrastructural relics in calcite-replaced  Pleistocene skeletons. Nature Phys.
Sci. 245, no. 148: 183—134.




— 320 —

Schlanger S. O. 1964. Petrology of limestones of Guam. U. S. Geol. Surv.
Profess. Papers, 403—D: 1—52.

Schmidt V. 1971. Early carbonate cementation in Middle Devonian bioherms,
Rainbow Lake, Alberta. IN: O. P. Bricker (ed.), Carbonate cements. Johns
Hopkins Press, Baltimore, p. 209—220. '

Schneidermann N, Sandberg P. A.. Wunder S. J.,, 1972. Recognition of
early cementation of aragonitic skeletal carbonates. Nature Phys. Sci.,, 240:
88—89.

Schroeder J. H. 1972, Fabrics and sequences of submarine carbonate ce-
ments in Holocene Bermuda cup reefs. Geol. Rundschau, 61: 708—730.

Schroeder J. H., 1973. Submarine and vadose cements in Pleistocene Ber-
muda reef rock. Sediment. Geology, 10: 179—204.

Schroeder J. H, 1974. Carbonate cements in Recent reefs of the Barba-
dos and Bahamas: keys to the past? Ann. Soc. Géol. Belg. 97: 153—158.

Schroeder J. H, Zankil H., 1974. Dynamic reef formation: a sedimentological
concept based on studies of Recent Bermuda and Bahama reefs. IN: A. M.
Cameron et al. (eds.), Proc. 2nd Int. Symp. on Coral Reefs, vol. 2, Great Bar-
rier Reef Committee, Brisbane, p. 4183—428. '

Schwarz H. U, 1975. Sedimentary structures and facies analysis of shallow
marine carbonates (Lower Muschelkalk, Middle Triassic, southwestern Ger-
many). Contributions to Sedimentology, 3: 100 pp.

Senkowiczowa H. 1970. Trias. Inst. Geol., Pr. 56: Stratygrafia mezozoiku
obrzezenia Gor Swietokrzyskich. Warszawa, p. 1—42.

Shinn E. A, 1969. Submarine lithification of Holocene carbonate sediments in
the Persian Gulf. Sedimentology, 12: 109—144.

Siedlecka A. 1972. Lenght-slow chalcedony and relics of sulphates — ewvi-
dence of evaporitic environments in the Upper Carboniferous and Permian
beds of Bear Island, Svalbard. J. Sedim. Petrol., 42: 812—816.

Skupin K., 1970. Feinstratigraphische und mikrofazielle Untersuchungen im
Unteren Hauptmuschelkalk (Trochitenkalk) des Neckar — Jagst — Kocher —
Gebietes. Arb. Geol, Paldont. Inst. Univ. Stuttgart, N. F. 63, 173 pp., Stuttgart.

Skupin K. 1973. Stratigraphy and microfacies in the crinoidal limestones (Tro-
chiten limestone, Triassic) of southwest Germany. Sediment. Geology, 9: 1—i19.

Stockman K. W., Ginsburg R. N, Shinn E. A, 1967. The production of
lime mud by algae in south Florida. J. Sediment. Petrol., 37: 633—648.

Strakhov N. M. —Crpaxos H. M,, 1953. [luareHes OCafgKOB M €r0 3HAYCHHC [JIA OCa-
mounoro pymoobpasosanust HMse. AH. CCCP, cep. 2eos., 5: 12—49.

Strakhov N. M. — Crpaxos H. M., 1960. OcHOBbI TeOpHM JIMTOrEHESA. T. I. WIsg. AH
CCCP. Mockea, crp. 210. ,

Wells A. J.,, Illing L. V., 1964. Present-day precipitation of calcium carbonate
in the Persian Gulf. IN: L. M. J. U. Van Straaten (ed.), Deltaic and shallow
marine deposits. Development in sedimentology, 1: 429—435. Elsevier, Amster-
dam.

Winland H. D. 1968. The role of high-Mg calcite in the preservation of mic-
rite envelopes and textural features of aragonite sediments. J. Sediment. Pe-
trol., 38: 1320—1325.

Wolf K. H., 1965. "Grain diminution” of algal icolonies to micrite. J. Sediment.
Petrol., 35: 420—427.

Zankl H, 1969. Structural and textural evidence of early lithification in fine-
grained carbonate rocks. Sedimentology, 12: 241—256.

Zankl H, 1971. A model of sedimentation and diagenesis in Triassic reef. IN: O.
P. Bricker (ed.), Carbonate cements. Johns Hopkins Press, Baltimore, p. 189—
192,




— 321 —

STRESZCZENIE

raca jest poswiecona charakterystyce ortochemicznych skladnikow
} weglanowych (mikryt, mikrospar, cement), ich zwigzkowi z pro-
sami diagenezy oraz przebiegowi diagenezy.

Sktadniki ortochemiczne

Wsérod skladnikéw ortochemicznych mikryt ma najmniejsze znacze-
ie. Buduje on powloki na elementach ziarnowych, niektére peloidy,
ezasem wypelnia wnetrza komoér Slimakow.

Glownym skladnikiem tla skalnego mikrosparytéw, biomikrospary-
i biopelmikrosparytow jest mikrospar — diagenetyczay odpowied-
ik pierwotnego mulu weglanowego (Pl I, fig. 1, 2). Mul weglanowy
zypuszczalnie zawdzigcza swe pochodzenie mechanicznemu i biolo-
jcznemu  kruszeniu elementéw szkieletowych; cze$¢ mulu moze byé
wynikiem fizyko-chemicznego lub biochemicznego wytrgcania CaCOjg
z wooldy morskiej. Mul weglanowy. ulegal transportowi i mechanicznemu
sortowaniu, tworzgc osady poziomo i przekgtnie warstwowane. Jego
przeksztalcanie w mikrospar nastgpilo przypuszczalnie w drodze sym-
takisjalnej cementacji poszczegdinych czgstek.

Cement weglanowy stanowi, obok elementéw ziarmowych, gléwny
sktadnik biosparytéw i biopelsparytéw, pojawia sie réwniez w innych
rodzajach skat. Sktadaja sie nan dwie generacje: starsza, I generacja
jest wyksztalcona w postaci bezzelazistego kalleytu stromosciennego (PL
IL, fig. 3, Pl IV, fig. 1), niekiedy o rozmiarach mikrosparu (Pl. I, fig: 1,
2, Pl 11, fig. 1). Mtodsza, II generacja jest kalcytem Zelazistym o zmien-
nej zawartosci jonoéw Fe2® i odznacza sie blokowym wykszbalceniem
(PL. 11, fig. 3, PL IV, fig. 1).

Przebieg diagemezy

Wiasciwa faza wezesnej diagenezy (stadium eogenetyczne) rozpoczela
sie z chwilg koncowej depozycji osadu. Polegala ona na stopniowym
odwadnianiu sedymentéw, spadku porowatosci, ToZpuszcozaniu —organi-
cznego aragonitu i wezesnej cementacii. »

Cement I generacji tworzyl sie gléwnie w warunkach utleniajgcych.
Jego zrddlem byla przesycona weglanem wapnia woda morska przeni-
kajagca osad oraz ulegajacy rozpuszczeniu organiczny aragonit. Minera-
lem krystalizujgcym w postaci cementu I generacji byl kalcyt, zawie-
rajgcy przypuszczalnie niewielkie domieszki MigCO;. W wyizszych ogni-
wach dolnego wapienia muszlowego (Wwyzsza cze$¢ warstw z Lima stria-
ta) mozna spodziewaé sie wzrostu zawartodci Mg w cemencie kalcyto-
wym w zwigzku ze wzrostem zasolenia oraz usuwaniem z TOZEWOTGW
j)o«n()'w Ca w postaci kalcytu i gipsu. Dla morza wapienia muszlowego
sugeruje sie odmienny od wspolezesnego stosunek Mg/Ca, przypuszczal-
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nie nizszy od 2:1, co pozwalalo na krystalizacje nieorganicznego kalcytu
w postaci cementu I generacyi. ,

Pallisaidowy cement kalcytowy o wielkiosci mikrosparu (Pl. I, fig. 1,
2) znaleziono na powierzchniach elementéw rozsianych w mule wegla-
nowym (w mikrosparytach 1 biomikrosparytach). Cementacja tych
utworéw przebiegata przypuszezalnie szybko, gdyz masowo niekiedy
wystepujace koprolity nader rzadko wykazuja Slady deformacii pod
wplywem kompakeji. Zawaliskowe struktury kompakcyjne tworzyly sie
prawie wylgcznie wtedy, gdy niektoére aragonitowe elementy szkiele-
towe ulegajac rozpuszczeniu we wiezesnym stadium diagenezy, pozosta-
wity po sobie préznie otulone cienkimi powhlokami mikrytowymi lub
w przypadku $limakéw, ktérych komory mieszkalne byly co najwyzej
w niklym stopniu wypelnione mulem.

Struktury zawaliskowe powstaly po wykrystalizowaniu cementu
I generacji, nalezy je wiec wigza¢ z mezogenetycznym stadium diage-
nezy. W etapie tym, w zwigzku ze wzrostem migzszosci nadkladu i od-
cieciem doplywu $wiezej wody morskiej, zanikl bezposredni wplyw
czynnikéw powierzchniowych (podmorskich) na przebieg diagenezy.

Wiskutek regresji morza w kajprze, przypuszczalnie posredni wipltyw
na przebieg diagenezy wywarly wody meteoryczne, wsigkajace w glab
skal i mieszajgce sie z reliktowymi wiodami porowymi. Z roztwiorow
tych rozpoczela sie krystalizacja cemenftu II generacji. Zrédio weglanu
wapnia nie jest blizej znane. Przypuszczalnie cze§¢ CaCO; pochiodzita
z zachowanych dotad i rozpuszczanych aragonitowych elementéw szkie-
letowych, czes¢ za§ z proceséw rozpuszczania pod cisnieniem (mikro-
i makrostylolity). ‘

Cement II generacji wytrgcal sie w postaci kalcy.u blokowego w wa-
runkach redukeyjnych, na co wskazuje obecnosé¢ jonow Fe?t w jego
sieci przestrzenne].

Réwnoczesnie z krystalizacjg cementu blokowego rozpoczely sie pro-
cesy neomorfizmu (rekrystalizacji), ograniczone gléwnie do niektoryich
elementéw szkieletowych, zbudowanych prawdopodobnie z Mg-kalcyitu.
W wyniku przemian neomorficzaych pierwotna struktura tych szczg-
tkéw ulegla w znacznej mierze zatarciu (Pl IV, fig. 2, 3, 4, 5).

Stadium telogenetyczne rozpoczelo sie z chwilg dzwigniecia skal do
strefy powierzchniowej. Do proceséw zwigzanych z tym etapem nalezy
rozwoj zjawisk krasowyich, rozpuszczanie gipsu oraz czesciowe urucha-
mianie i wytrgcanie krzemionki.

EXPLANATION OF PLATES — OBJASNIENIA PLANSZ

Plate — Plansza I

Fig. 1. Skeletal fragment -with microsparite cement crust, matrix built of micro-

spar, biomicrosparite. Lower Muschelkalk, Wellenkalk, Wolica. Leached thin
section, SEM.
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. Element szkieletowy obros$niety mikrosparytowym wcementem, tlo skalne zbu-
dowane z mikrosparu, biomikrosparyt. Dolny wapien muszlowy, warstwy
faliste, Wolica. Wytrawiona piytka cienka, mikrofotografia skaningowa.

. Skeletal fragment with microsparite cement crust, matrix built of micro-
spar, biomicrosparite. Lower Muschelkalk, Wellenkalk, Wolica. Leached thin
section, SEM.

. Element szkieletowy z narastajgcym icementem mikrosparytowym, tlo skal-
ne zbudowane z mikrosparu, biomikrosparyt. Dolny wapien muszlowy, war-
stwy faliste, Wolica. Wytrawiona plytka cienka, mikrofotografia skaningo-
wa.

Plate — Plansza II

. Skeletal fragment with microsparite cement crust, matrix built of micro-
spar, biomicrosparite. Lower Muschelkalk, Wellenkalk, Radkowice, Thin se-
ction, SEM. (

. Element szkieletowy =z narastajgcym cementem mikrosparytowym, tlo skal-
ne zbudowane z mikrosparu, biomikrosparyt. Dolny wapien muszlowy, war-
stwy faliste, Radkowice. Plytka cienka, mikrofotografia skaningowa.

. Fragment of micrite envelope (M) covered with cement of the first genera-
tion (CI), cast is built of the second generation cement (CII), biosparite. Lo-
wer Muschelkalk, Wolica Beds, Wolica. Thin section, SEM.

. Fragment powloki mikrytowej (M) z narastajgcym cementem I generacji
(CI), odlew zbudowany z cementu II generacji (CII), biosparyt. Dolny wa-
pien muszlowy, warstwy wolickie, Wolica. Plytka cienka, mikrofotografia
skaningowa.

. Fragment of an ostracod shell with cement of the first generation dewvel-
oped on both the external and finternal sides. The inside (left side, bottom)
filled with cement of the second generation, in the right upper corner ma-
trix built of microspar, biomicrosparite. Lower Muschelkalk, Wellenkalk,
Wolica. Thin section, SEM.

. Fragment Sciany pancerzyka malzoraczka z cementem I generacji rozwinie- v
tym na zewnetrznej i wewnetrznej powierzchni. Wnetrze (lewa strona, dot)
wypelnione cementem II generacji, w prawym gérnym narozu mikrospar
tla skalnego, biomikrosparyt. Dolny wapien muszlowy, warstwy faliste, Wo-
lica. Ptytka cienka, mikrofotografia skaningowa.

Fragment of pelecypod prismatic structure, in the left upper corner a ca-
vity formed by micro-borers, filled with micnite, biosparite. Lower Mu-
schelkalk, Wolica Beds, Brzeziny. Thin section, SEM.

. Fragment pryzmatycznej struktury malza, w lewym gérnym narozu wy-
drazenie utworzone przez mikroskalotocze, wypelnione mikrytem, biosparyt.
Dolny wapien muszlowy, warstwy wolickie, Brzeziny. Plytka cienka, mi-
krofotografia skaningowa.

Plate — Plansza III

- Microsparite horizontally laminated, laminae graded bedded. Permian, Bo-
lechowice, Thin section, negative print.

. Mikrosparyt laminowany poziomo, laminy uziarnione frakcjonalnie, Perm,
Bolechowice. Piytka cienka, odbitka negatywowa.

Fragment of pelecypod shell with locally preserved primary structure (ar-
row), in places neomorphic calcite (N) with traces of growth lines, biomi-
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crosparite. Lower Muschelkalk, Lima strlarta Beds Wolica, Thin section, one
nicod.

. Fragment skorupy malza z lokalnie zachowang pierwotng struktura (strzal-

ka), miejscami kalcyt neomorficzny (N) ze $ladami linii przyrostowych, bio-
mikrosparyt. Dolny wapief muszlowy, warstwy z Lima striata, Wolica. Plyt-
ka cienka, 1 nikol.

Another fragment of the same shell: fading out traces of growth lines in
neomorphic calcite (N) mosaic. Poorly formed cement of the first genera-
tion (CI, arrow), well formed cement of the second generation (CII). Thin
section, one nicol.

. Inny fragment tej samej skorupy: na tle meomorficznego kalcytu (N) zani-

kajace &lady linii przyrostowych. Slabo wyksztalcony cement I generacji
(CI, strzalka), dobrze wyksztalcony cement II generacji (CII). Ptytka cienka,
1 nikol.

. As above, micols crossed. Visible cement of the first generation (arrow) Ce-

ment of the second generation is in optical continuity (S) with neomorphlc
calcite (N).

. Jak wyzej, nikole skrzyzowane. Widoczny cement I generacji (strzalka). Ce-

ment II generacji narasta w ciggtoSci optyceznej (S) z neomorficznym kal-
cytem (N).

. The same shell. Visible fragments of preserved structure (arrow), neomor-

phic calcite (N) and cement of the second generation. Thin section, SEM.

. Ta sama skorupa. Widoczne fragmenty z zachowang strukturg pierwotna

(strzalka), neomorficzny kalcyt (N) oraz cement II generacji. Plytka cienka,
mikrofotografia skaningowa.

. Echinoderm fragment (E) with syntaxial cement (S) and fragment of mic-

rite envelope (M) with initial cement of the first generation, development of
‘which was hamper by the faster growing syntaxial cement (arrow), biospa-
rite. Lower Muschelkalk, Wolica Beds, Wolica. Thin section, SEM.

. Fragment szkarlupnia (E) z syntaksjalnym cementem (S) oraz fragment po-

wloki mikrytowej (M) z inicjalnym cementem I generacji, ktorego rozwoj
ulegt zahamorwaniu wskutek szybszego wzrostu cementu syntaksjalnego
(strzatka), biosparyt. Dolny wapien muszlowy, warstwy wolickie, Wolica.
Piytka cienka, mikrofotografia skaningowa.

Plate — Plansza IV

. Steep-faced palisade cement of the first generation (CI) developed on ske-

letal fragments impregnated with iron hydroxide (F). In pore spaces blocky
cement of the second generation (CII), biosparite. Lower Muschelkalk, Li-
ma striata Beds, Wolica. Thin section, SEM.

. Stromoécienny cement palisadowy I genera-éjei (CI) rozwiniety na elemen-

tach szkieletowych przepojonych wodorotlenkami zelaza (F). W porach ce-
ment blokowy II generacji (CII), biosparyt. Dolny wapien muszlowy, war-
stwy z Lima striata, Wolica. Plytka cienka, mikrofotografia skaningowa.

. Microstructure of «calcite layer of a Lima shell (L) with blocky cement of

the second generation (CII). In the cement crystals close to the calcite shell
layer, pores are visible, probably relics after aragonite cement of the first
(?) generation (arrow). Lower Muschelkalk, Lima striata Beds, Piekoszéw
IG—1. Thin section, SEM. ’

. Mikrostruktura kalcytowej warstwy skorupy Limy (L) z narastajacym ce-

mentem blokowym II generacji (CII). W krysztalach cementu przyrastaja-
cych bezposSrednio do kalcytowej skorupy widoczne drobne pory, byé moze,
relikty po aragonitowym cemencie I (?) generacji (strzalka). Dolny wapien
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muszlowy, warstwy z Lima striata, Piekoszow IG—I. Plytka cienka, mikro-
fotografia skaningowa.

. Fragment of nodosariid test of radial microstructure with syntaxially grow-
ing cement of the first generation. Lower Muschelkalk, f.ukowa Beds, Wo-
lica. Thin section, SEM.

. Fragment pancerzyka nodosarii o radialnej mikrostrukturze z narastajgcym
syntaksjalnie cementem I generacji. Dolny wapien muszlowy, warstwy iu-
kowskie, Wolica. Piytka cienka, mikrofotografia skaningowa.

_Crinoid fragments as bioclastic nuclei (E) for the syntaxially growing ce-
ment of the first (CI) and the second (CII) generations. At the contact of
these cements dark rim (arrow). Lower Muschelkalk, Wellenkalk, Pieko-
szow IG—1. Thin section stained with the alizarine red and potassium fer-
rycyanide, one nicol.

. Fragmenty liliowcow jako bioklastyczne jadra (E) dla syntaksjalnie nara-
stajacego cementu I (CI) i II generacji (CII). Na kontakcie cementu I i II
generacji ciemna obwodka (strzaika). Dolny wapien muszlowy, warstwy fali-
ste, Piekoszo6w IG—1. Plytka cienka barwiona czerwienig alizarinowg 1 Zze-
lazicyankiem potasu, 1 nikol.

. Steep-faced palisade cement of the first generation on grain surfaces. Pore
spaces filled with blocky cement of the second generation, biopelsparite. Lo-
wer Muschelkalk, Lima striata Beds, Wolica. Thin section, crossed micols.

. Stromoécienny cement palisadowy I generacji narastajacy na elementach
ziarnowych, Pory wypelnione cementem blokowym II generacji, biopelspa-
ryt. Dolny wapien muszlowy, warstwy z Lima striata, Wolica. Plytka cienka,
nikole skrzyzowane.
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