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The Lower Carboniferous granitoid rocks, penetrated by the boreholes deepened at Üveghuta (Bátaapáti, Mecsek Mountains) area, 
are cross-cut by mineral veins with different thicknesses and positions.

The material of the fissure fillings in order of their frequency is: carbonates, quartz, clay minerals (montmorillonite, palygorskite, 
illite), chlorite, epidote, feldspar and Fe-oxihydroxides.

Based on the results of thin-section studies it can be determined that both the carbonates and the quartz, as well as other fissure fill
ing minerals originated from hydrothermal solutions with different temperatures and chemical compositions.

The results of microscope, X-ray diffraction and thermal analysis were supplemented with auxiliary research (electron microprobe, 
fluid inclusion, isotope analysis, K/Ar age determination, etc.) for the paragenetic sequence of the fissure filling minerals.

1. Introduction

Lower Carboniferous granitoid rocks, intersected by 
the boreholes (first of all Üh-22 and Üh-23) deepened at 
Üveghuta (Bátaapáti, Mecsek Mountains), are cut by min
eral veins of different thickness and position (carbonates, 
quartz, clay minerals, chlorite, epidote, feldspar and Fe-oxi
hydroxides).

The mineralogical analysis was made at the laboratories 
of the Geological Institute of Hungary. The results, com
pleted with electron microscope and fluid inclusion (in cal- 
cite) analyses (S zabó et al. 1998, 1999), oxygen isotope, 
carbon isotope and sulphur isotope analyses (H ertelendi 
et al. 1998, 1999) and K/Ar age determinations (B alogh  
1998, 1999), were presented in unpublished reports (B alla 
etal. 1998, 1999).

The microscope analyses were performed on large thin 
sections and the mineral composition of the carbonate fill
ings was determined by the staining method. Colouring the 
sections, potassium-ferricyanide solution and alizarine red 
indicator were used in a 1/8 N HCl-solution.

The X-ray diffraction analyses were done on a Philips 
PW 1730 diffractometer under the following conditions: 
Cu anti-cathode, 40 kV and 30 mA tube current, graphite 
monochromator, goniometer speed 2 "/minute.

The more detailed research of the clay minerals was 
performed on the <2 |i clay mineral fraction separated by 
Atterberg cylinders. From the separated clay-mineral frac
tion, orientated preparations were made and these were 
investigated by XRD in an untreated state, treated with eth
ylene-glycol (60 °C/9 hour), and heated (490 °C/4 hour).

The thermal analyses were completed by Derivatograph 
PC simultaneous TG, DTG, DTA, in a ceramic (corun
dum) crucible, with a heating speed of 10 "C/minute up to 
1000 °C and with A120 3 as inert material.

In the following text we present the results of our inves
tigation of the materials, and outline our conclusions.

2. Results of investigation

The investigation of the materials was completed by 
two main methods: studying of the rock samples and thin 
sections, and instrumental mineral determination. The 
results are presented by method, then complementary data 
are outlined concerning the origin of the fissure fillings.

2.1. The visual and microscope characterisation 
of the fissure fillings

The fissure filling material in order of frequency was: 
carbonates, quartz, clay minerals (montmorillonite, paly
gorskite, illite), chlorite, epidote, feldspar and Fe-oxi
hydroxides. The structure of the fillings was mosaic-like, 
or striped. The host rock is strongly altered in a thin zone 
along the fissure and this alteration crust is often spread 
over the fissure walls. In the crust there are often crushed 
rock fragments. The minerals composing the host rock — 
potash feldspar (microcline), plagioclase (albite-oligo- 
clase), biotite, amphibole, chlorite and quartz — are fre
quent, and can be found in different quantities in the sam
ples. These minerals got into the fluids which formed the



fillings on one hand as fractured, inherited components, on 
the other hand later, during sample preparation as unavoid
able contamination.

From the point of view of mineral infillings, we found 
several different types of the veins, and they will be described 
below (the data of the thickness and the dip come from 
Boreholes Uh-22 and Uh-23).

Quartz veins are frequent, generally thin, somewhat 
lenticularly pinched out and are of quartzite type. The 
quartz are sometimes accompanied by potash feldspar and 
even carbonate. In some samples, beside quartz small 
amounts of tridimite was found. The quartz-veins are an 
integral part of the host rock, and their material is hard and 
impermeable. Fissure fillings dominated by quartz (>25%) 
are 1-40 mm thick, and their dip varies between 40-90°. 
The quartz veins could be divided into several categories.

Quartzite-like dykes, consisting of quartz squeezed by 
pressure from the granitoid rock, could be formed during 
more than one phase after the pegmatite and the micro
granite.

The fissure fillings, re-crystallised from siliceous gel, 
originated from the late stage magmatic solutions or also 
from the pressure-squeezed siliceous material, altered later 
due to metamorphosis. They typically consist of very small 
quartz grains squeezed into each other, displaying a 
“clung” texture.

Hydrothermal quartz dykes consist partly of short prismatic, 
slightly deformed crystals showing undulatory extinction 
and partly of quartzite-like, interlocking, mosaics of crystals. 
These were formed at relatively high temperature. These 
could be about the same age as the rock dykes or may 
equally be younger.

The fissure fillings, consist of idiomorphic, prismatic 
quartz, grown on the walls, sometimes with idiomorphic 
feldspar and carbonate in contact with large crystal faces, 
do not show pressure-deformation, and therefore they were 
formed from late hydrothermal solutions.

We describe the striped quartz dykes of Borehole Uh-22 
in detail to illustrate the structure of the dykes.

-  At a depth of 331.60 m there are often stubby, eu- 
hedral crystals on the edge of the veins, which in
dicates a higher formation temperature. These are fol
lowed by long prismatic crystals, which were formed 
at a lower temperature. Finally the central zone 
mainly consists Fe-bearing calcite and quartz as well 
as minor Fe-dolomite (Plate I, 1).

-  At a depth of 332.50 m the fissure filling is also 
striped quartz, in which the inner zone consists of 
small, acicular prismatic quartz crystals, which was 
formed by the re-crystallisation of the siliceous gel, 
resulting from some kind of metamorphic process.

-  At a depth of 411.50 m symmetric fissure fillings can 
be seen, in which three brecciated zones alternate 
with zones of microcrystalline dolomite, with large, 
corroded, xenomorphic quartz showing undulatory 
extinction and with small, stubby, idiomorphic 
quartz (Plate I, 2).

Feldspar veins are relatively rare. The feldspars, mainly 
microcline, give a pale pink colour to the thin fissure fill
ings composed of quartz and carbonate. The fissure fillings 
dominated by feldspar (>25% microcline and plagioclase), 
are 1-10 mm thick, and their dips vary between 70-80°. 
Thin microscopic veins, formed by twinned albite crystals, 
can be seen in the potash feldspar megacrystals. Two types 
of feldspar veins could be distinguished.

Pink feldspar (+quartz, calcite) veins were formed by 
metasomatism. They could be younger than the microgran
ite, and also belong to more than one phase.

Thin feldspar veins contain inclusions of idiomorphic epi- 
dote, and minor biotite, amphibole, and chlorite. The coloured 
minerals are totally fresh and unaltered, however most 
amphiboles, biotite and the feldspar in the host rock are 
altered.

Along the fissures in the host rock — mainly in the 
mylonitic zones — there is an enrichment offlesh-red, small- 
grained and crushed potassium feldspar, which may be the 
result of re-mobilised K* (during mylonitisation) where 
hydrothermal solutions migrated in the fissures.

To illustrating the structure of the veins, we describe 
the striped feldspar veins in the deeper part of Borehole 
Uh-22 in detail.

— At 446.8 m depth thin, 0.1-1 mm, very fine-grained 
quartz-feldspar strips alternate with 1-3 mm thick 
clayey, Fe-oxide/oxihydroxide and carbonate-epi- 
dote-chlorite veins. The strips often surround small, 
rounded, fresh microcline crystals.

— At 472.60 m depth a fresh epidote vein replaces the 
middle part of the quartz-feldspar vein; the epidote 
appears here with mainly chlorite, calcite and Fe- 
minerals (pyrite, hematite, goethite).

Epidote-chlorite veins are not frequent. Their thickness 
is generally 1-10 mm, and dips vary between 50-90°. They 
are typically green and hard. They are intergrown with the 
material of the host rock. The epidote and chlorite — with 
calcite and Fe-minerals (pyrite, hematite, goethite) — 
appear in aggregates and more rarely in well formed crys
tals. In the 406.30 m of Borehole Uh-22 crystalline epi- 
dote-bearing “nests” were found in microcrystalline, earthy 
epidote and chlorite aggregates.

Chlorite veins are rare. Their thickness is 1-10 mm and 
their dips vary between 80-85°.

In some cases fissure fillings with a high biotite content 
can be found. Their thickness is 1-10 mm, and their dips 
vary between 50-85°.

Carbonate veins are commonest. In the studied samples 
calcite, dolomite, Fe-dolomite, ankerite and kutnahorite 
could be identified. The fissure fillings dominated by car
bonate (>25%) are 1-40 mm thick, and their dips vary 
between 40-90°, mostly between 75-90°. In the carbonate 
veins dolomite, kutnahorite and Fe-dolomite are always older, 
and calcite is youngest. Clay mineral and/or Fe-oxide/oxi- 
hydroxide crusts are often seen among the different genera
tions. The 160.00, 205.70 and 258.40 m sections of 
Borehole Uh-22 showed the following zonation in the car-



bonate veins more or less symmetrically from outside to 
inside (the veins are crossed by younger Fe-dolomite):

— rock breccia,
— mosaic-like, big, xenomorphic dolomite crystals,
— fibrous-prismatic, Fe-dolomite with undulatory ex

tinction, which indicates high salt content and low 
temperature,

— thin clayey crusts (with or without hematite),
— micritic, mosaic-like, small botryoidal Fe-dolomite- 

bearing formations, which might originally have 
been aragonite,

— long prismatic, Fe-free dolomite,
— idiomorphic, mosaic-like Fe-dolomite, which could 

indicate higher temperature (Plate I, 3).
Fissures filled by clay minerals are frequent. Their main 

minerals are: montmorillonite (sometimes vermiculite- 
like), illite, and palygorskite. The fissure fillings dominated 
by clay minerals (>25%) are 1-10 mm thick, and their dips 
vary between 10-90°. The thickness of the crushed, 
argillised fault zone could sometimes be metres thick. The 
fissures with clay minerals are generally open, and the clay 
minerals are smeared on the wall of the fissures as a crust
like coating.

The Fe-oxides/oxihydroxides generally appear in sepa
rate veins, and their appearance is mostly characteristic of 
the high angle fissures. They give a typical dark red colour 
to the fissure fillings. Their most important component is 
hematite and its hydration decomposition product, goethite. 
In the investigated sample Fe-oxihydroxides can generally 
be found in small quantities. Hematite can be found in larg
er quantities (10-13%) generally in greater depths (e.g. in 
Uh-22, 368-471 m).

The rock breccia found on the external edges of the fis
sures is generally coated with Fe-oxihydroxides as a decom
position product. The main characteristic of the breccia is 
the ubiquitous presence of rock and mineral fragments.

The Fe-minerals found as fillings form a smeared, 
earthy-ductile material, generally on the walls of open fis
sures, in which mineral components could not be found,or 
found only in small amounts.

Based on the result of the thin-section studies it can be 
established that both the carbonates and the quartz, as well 
as other fissure filling minerals formed from hydrothermal 
solutions with different temperature and chemical compo
sition. We could not preclude the possibility that among 
the fissure filling some Fe-oxides/oxihydroxides originated 
from weathering, but at the present time it is not possible to 
distinguish them.

Crushed, argillised fault zones could be noticed in the 
boreholes, which could be classed into the following 
groups based on their mineral composition:

1. calcite-bearing (e.g. in Uh-23, 65.1 m), probably 
formed in the third phase of carbonate formation 
(secondary, meteoritic calcite);

2. Fe-dolomitic as well as “ankeritic”(also Fe-bearing 
dolomite) ones (e.g. in Uh-22, 381.5-384.0 m) could 
represent the initial phase of the carbonate precipi

tation, so they could be formed from hydrothermal 
solutions at higher temperature;

3. “vermiculitic” (e.g. in Üh-23, 169.6 m), which are 
more frequent in the fault zones.

2.2. The characterisation of the major fissure filling minerals 
based on X-ray diffraction and thermal analysis

Among the authigenic minerals formed from hydrother
mal solutions in the fissure fillings, and in decreasing quan
tity, the most frequent minerals are the carbonates, mont
morillonite, palygorskite, illite, epidote and Fe-oxihydrox
ides (Figure 1). The results of their instrumental mineralógi
ca! analyses are as follows.

Figure 1. Distribution of the major fissure filling minerals in 
Borehole Üh-22

1. ábra. A fontosabb repedéskitöltő ásványok eloszlása 
az Üh-22 fúrásban

Carbonates. The greatest part of the fissure fillings are 
carbonate-bearing. Among the carbonates, we identified by 
analyses, the transitional forms of calcite, dolomite and Fe- 
dolomite as well as forms of ankerite and kutnahorite. 
Supplementary mass-spectrometry analysis revealed rare-

T a b le  1

Distribution of carbonates
in the samples of Borehole Uh-22 and Borehole Uh-23

Borehole/ Calcite Dolomite Ankerite Kutnahorite
/sample 0//o

Üh-22/77 22 6 4 1
Ü h-23/19 36 0.5 - -

earth carbonates too (Szabo et al. 1998, 1999). Table l  
shows the average quantity of the different carbonate min
erals found in Borehole Uh-22 and Borehole Uh-23. The 
distribution of carbonate minerals in Borehole Uh-22 is 
shown in Figure 2. The dominance of calcite can be seen in 
the upper and lower parts of the borehole, while Fe-bearing
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Figure 2. Distribution of the Ca-, Mg-, Fe- and Mn-carbonates in 
Borehole Üh-22

2. ábra. A Ca-, Mg-, Fe- és Mn-karbonátok eloszlása 
az Üh-22 fúrásban

dolomite and ankerite are characteristic for the middle 
part. The strongly Mn-bearing dolomites constitute of just 
one separate zone.

The analytical results of each carbonate mineral are 
outlined as follows.

Calcite [CaC03] was found in the majority of samples, 
often accompanied with other carbonate minerals. Calcite 
in most cases appears in the following mineral associa
tions: calcite, calcite+dolomite, calcite+kutnahorite, cal- 
cite+quartz, calcite+chlorite±epidote, calcite+palygorskite, 
calcite+(Mg)montmorillonite.

XRD can be used to calculate the amount of Mg enter
ing the calcite lattice. The scale of isomorphic replacement 
was calculated from the highest (104) reflection (d = 
29.44° 20) with the help of determination curves 
(S zem ethy  1975). The quartz reflection (d =26,64° 20) 
indexed (1010) was used as a reference base. These d values 
appear between 29.36-29.56° 20  (Figure 3) and the d 
value of the theoretical, stoichiometric calcite is 29.44° 20. 
The 29.56° 20  d value means maximally 3 mol% MgC03 
entered the calcite lattice. In such samples, where beside 
the calcite there are practically no other carbonates (0-3% 
dolomite), montmorillonite is very scarce too. This próba-

calcite m measured data 
kalcit mért adatok

Figure 3. Distribution of the calcite (104) reflection in Borehole 
Üh-22

3. ábra. A kalcit (104) reflexiójának eloszlása az Üh-22 fúrásban

bly could be explained by the minimal Mg-content of the 
solution from which these minerals precipitated: insuffi
cient for either separate Mg-carbonate, or Mg-bearing 
montmorillonite, so the Mg entered into the calcite lattice.

Calcites of metamorphic origin can contain 9 mol% 
MgC03. This replacement depends on the temperature 
too, since for example at 500 °C, 5 mol% MgC03-bearing 
calcite is the stable mineral (S zem ethy  1974). The small 
values (29.36-29.40° 20) probably indicate Ca-poor cal
cite, since these generally could be measured in such sam
ples where additionally dolomite, kutnahorite or ankerite, 
or even vermiculite-palygorskite are present. It is possible 
that the Ca2* in the calcite lattice is replaced by the smaller 
Na*, Sr2* or Ba2* cations. These cations are released during the 
alteration of potassium feldspars and maybe plagioclases.

The samples studied are principally similar to the cal
cite of the Mesozoic sedimentary limestones, based on 
crystallinity data (activation energy, decomposition tem
perature) measured by thermal analysis. Their corrected 
decomposition temperatures vary between 885-908 °C. 
This temperature values stand closer to the upper bound
ary of the range mentioned above (897-908 °C), in the 
case of Mg-bearing calcites, measured by X-ray diffraction.

Based on the data, there seems to be at least two calcite 
generations in the samples:

— one with higher decomposition temperature, >900 
°C (Borehole Üh-22/68.8, 70.3, 81.0, 132.4, 218.5,
307.3 and Borehole Ü h-23/173.38);

— one with lower decomposition temperature, <900 
°C (Borehole Üh-22/67.56, 113.3, 118.8).

However, the presumed two generations could not be 
separated on the basis of the thickness and the dip of the 
fissure fillings.

Beside calcite, dolomite [CaMg(C03)2] is the other 
most frequent carbonate mineral. Both the XRD and ther
mal analysis established interesting cation replacement in 
the Mg-carbonate lattice of the dolomites. In carbonates of 
hydrothermal and metamorphic origin solid solution 
replacement (Ca, Mg, Fe, Mn) is general. Both Fe and Mn 
replacement appear in the dolomites of the samples stud
ied. The quantity of the replacement cation could indicate 
a temperature of formation.

The dolomites appear in the following important mineral 
associations: Fe-dolomite, Fe-dolomite+calcite, Fe-dolomite+ 
quartz±calcite, Fe-dolomite+illite±quartz, Fe-dolomite+paly- 
gorskite+calcite+montmorillonite, kutnahorite (Mn-Fe-bearing 
dolomite )+cal cite.

The distribution diagram of Mg-Fe-Mn carbonates 
{Figure 4) shows that in the samples studied stoichiometric 
dolomite, corresponding to the ideal formula, appears in just 
one sample (Üh-22/411.50 m). Fundamentally the majori
ty of the dolomites lie between theoretical dolomite 
[CaMg(C03)2] and theoretical kutnahorite [Ca(Mn,Mg) 
(C03)2], grouped around Fe-dolomite [Ca(Mgo 67Fe0 33)(C03)2], 
and ankerite [Ca(Mg,Fe)(C03)2]. Accordingly our “dolomites” 
are mainly Fe-dolomites (Figure 4), with more or less Mn 
and Fe-replacement. The scale of the isomorphic replace-



dolomite ankerite kutnahorite measured data
*  dolomit "  ankerit kutnahortt mórt adatok

Figure 4. Distribution of the Mg-Fe-Mn carbonate (104) reflection 
in the samples Borehole Üh-22

4. ábra. A Mg-Fe-Mn karbonátok (104) reflexiójának eloszlása 
az Üh-22 fúrás mintáiban

ment was calculated during the X-ray diffraction from the 
highest ( 104) intensity reflection with the help of the deter
mination curves (S zem ethy  1975). Based on the XRD 
analysis the “dolomite” of the 58 samples from Borehole 
Üh-22 is distributed according to the following calculated 
composition:

— 1 dolomite [CaMg (C 03)2],
-  26 Fe-dolomite [Ca(Mg067Fe0.33)(C03)2],
— 14 kutnahorite [Ca(Mn084Mg016)(C 03)2],
-  12 kutnahorite [Ca(Mg0 66Mn034)(CO3)2],
-  3 kutnahorite [Ca(Mn,Mg)(C03)2],
— 2 Ca-rich dolomite [Ca06Mg040(CO3)2].
Fe-replaced dolomites are often called ankerite in the

literature, but the pure CaFe(C03)2, Fe-equivalent dolomite, 
has never been described as a natural mineral. According 
to synthesising experiments, Fe-replaced dolomites could 
be formed around 450 °C. Those “dolomites”, in which the 
Mg is partly replaced by Fe2+, are often described as 
dolomite. For the Fe-bearing dolomites, which sometimes 
show a low Mn-content, various unofficial names are used, 
depending on their chemical composition (e.g. Fe-dolomite, 
brossite, ankerite, siderocalcite, para-ankerite etc., H ey 1975).

Thermal analysis is also sensitive to the observation of 
Fe-replacement, sometimes more than XRD. The main 
conclusion from the observation is that the two-step 
decomposition reaction becomes three-step, and — in the 
case of less Fe-interlocking — a change happens in the tem
perature conditions of the two steps, i.e. in the simultane
ous loss of mass (Figure 5). The anions bound to Fe disso
ciate at lower temperature than of anions bound to Mg 
(1 .2 ), caused by higher electronegativity (1.8; F öldvári 
1987). This could result in the decomposition temperature 
of the Mg-Fe carbonate being lower, according to the Fe- 
content, than that of the pure Mg-carbonate. This will also 
lead to the fact, beside the measured or corrected decom
position temperature, that the temperature of the two dis
sociation-reactions get farther from each other.

Table 2 shows the composition of some Fe-dolomites.

Ü veghuta-22, 159 m %

Figure 5. Derivatogram of the dolomite with a little 
of Fe-substitution

5. ábra. Dolomit derivatogramja kis mennyiségű Fe-helyettesítéssel

The Mn-bearing dolomites could be called kutnahorite, 
too. Generally in the literature the formula of this mineral 
is (Ca,Mn,Mg)(C03)2, sometimes with minor Fe. This 
composition was only unambiguously revealed in the sam
ples studied from Borehole Üh-22. Based on the XRD 
studies the kutnahorites can be pure, Mn-rich, or Mg-rich.

Table 2
Chemical composition of the Fe-dolomite based on thermal analysis

Borehole
Depth

[m]
Fe-

dolomite
[%]

Calculated
composition

Distance 
between two 

reactions [°C]
Üh-22 159.0 22 Ca0 5 Mg0 .46Fe0 .04 52
Üh-22 381.5 30 Cao.5Mgo.26Feo.24 67
Üh-22 384.3 21 Cao.5Mgo.27Feo.23 57
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Figure 6. Derivatograms of Mn-bearing carbonates

6. ábra. Mn-tartalmú karbonátok derivatogramjai

In the type mineral the ratio of Ca:Mn:Mg:Fe cations 
was 7:5:2:1. There are known varieties in which the ratio of 
the cations is the following: Ca:(Mn,Mg,Fe) = 1:1, and 
Mn:Mg = 1:1 (Ianovici etal. 1979).

The thermal analysis (Figure 6) also showed some Mn, 
though less calculated Mn than was measured by XRD, as 
Table 3 shows. For comparison, Table 3 shows the charac
teristics of two kutnahorites, one from Kapnikbanya (Cavnic, 
Romania), analysed by us, the other from the original site, 
Kutna Hora, Czech Republic.

T a b le  3

Chemical composition of the studied 
Mn-bearing dolomites based on thermal analysis

Borehole Depth
[m]

Mn-dolomite
kutnahorite

[%]

Chemical composition 
calculated from thermo- 

analytical curve

Distance 
between two 

reactions [°C]

Üh-22 146.0 80 Ca0 sMgo 4eMn.(Fe? )0 04 160
Üh-22 159.7 65 CaojMgoj2Mn.(Fe?)o |8 155
Üh-22 258.4 77 Ca0 5Mg0 36Mn.(Fe?)0 |Q4 150
Üh-22 258.5 70 Ca0.5Mg0.44Mn.(Fe?)006 138
Kapnikbánya - 55 Ca05Mg0 33Mn.(Fe)0 1, 178
Kutna Hora* - - Ca0 5Mn0 32Mgi2.5Fe0 065 -

* From X-ray measurement (F a r k a s  et al. 1988).

The X-ray diffraction data of the Mg-bearing dolomite, 
(Mg) kutnahorite, traced from the fissure fillings, are com
pared to literature data in Table 4.

The relatively high Fe and Mn content in the composi
tion of the fissure filling dolomites is confirmed by mass 
spectrometry (Szabô  et al. 1998, 1999), where measured 
compositions vary between the following values:

— the older carbonates (dolomite, Fe-Mn-bearing 
dolomite) always contain MnO (0.32-2.72%), MgO 
(12.82-31.24%), FeO (1.61-13.27%) and CaO 
(10.57-34.91%);

— the younger carbonates (calcite) were formed at 
decreasing temperature with low Fe-Mn content: 
FeO (0.16-0.36%), MnO (0.18-0.69%). These latter 
ones locally do not always fill the fissures.

According to literature data, the cation composition of 
the different kutnahorite varieties fluctuates between the 
following ranges (in atom%, Farkas et al. 1988): Mn (38-84) 
Fe (4-26) Mg (0-49) Ca (91-148). According to other 
published data on kutnahorite some 2 mol% CaFe(C03) 
can be dissolved at 400 °C, while at higher (500 °C) tem
perature this value could be even 15 mol%. G oldsm ith  et 
al. (1962) found a maximum of 4.4 mol% M nC03 in 20 
samples of Fe-dolomites.

The kutnahorite, which is a mineral in the hydrother
mal ore deposits mentioned above, represents the last 
phase of the hydrothermal activity in the Hungarian drill- 
cores (T susue 1967).

REE (rare earth element) carbonate was identified by 
electron microscope analysis in dolomite crystals (S zabo 
et al. 1998, 1999), as small-grained inclusions (Borehole 
Uh-1, 89.8 m; Borehole Uh-5, 249.46 m). These contain 
the following components: Ce20 3 (9.03-38.64%), La20 3 
(5.72-19.77%), Nd20 3 (2.03-22.55%) and SrO (6.98%). In 
the literature (H ey 1975) describes a Fe-dolomite contain
ing similar REE, named “codazzite” with more than 7% 
(La, Ce,...)20 3. Beside the REE-carbonates mentioned 
above, in the sample U h -1/89.8 REE-silicates were also 
identified, often accompanied by apatite grains, in the



X-ray diffraction data of the studied kutnahorite

JCPDS 20-225Í 
Mg-kutnahorite

Chvaletice (Czech Republic) 
(F a r k a s  et al. 1988)

Borehole Üh-22 
146.0

Borehole Üh-22 
159.7

d A Int. hkl d A | Int. hkl d Â Int. hkl d Â Int. hkl

5.41 2 003 5.4110 1 003 5.4269 <1 003 5.3875 < i 003
4.0674 <1 101

3.73 8 012 3.7304 12 012 3.7165 7 012 3.7148 5 012
2.91 100 104 2.9162 100 104 2.9086 100 104 2.9082 100 104

2.701 2 006 2.7035 2 006 2.7026 <1 006 2.6940 3 006
2.564 2 015 2.5644 <1 015 2.5644 <1 015
2.423 6 110 2.4251 10 110 2.4153 6 110 2.4175 <1 110
2.209 10 113 2.2128 17 113 2.2057 <1 113 2.2036 6 113

2.0830 <1 021
2.031 6 202 2.0333 14 202 2.0265 <1 202 2.0269 12 202
1.862 4 024 1.8659 5 024 1.8589 4 024 1.8589 3 024
1.823 10 018 1.8256 21 018 1.8172 <1 018 1.8169 16 018
1.804 12 116 1.8052 21 . 116 1.8038 <1 116
1.800 10 009 1.7985 20 009 1.7998 <1 009

1.7924 13 ?
1.7634 <1 205

1.578 2 211 1.5807 3 211 1.5750 <1 211 1.5750 <1 211
1.556 4 122 1.5584 8 122 1.5528 <1 122 1.5518 <1 122
1.512 2 1010 1.5135 2 10.10 1.5087 <1 1010 1.5070 <1 10.10
1.477 4 214 1.4788 7 214 1.4751 <1 214 1.4751 <1 214
1.457 2 208 1.4588 3 208 1.4544 <1 208 1.4568 1 208
1.445 2 119 1.4465 3 119 1.4423 <1 119 1.442T <1 ■ 119

1.4263 2 125
1.398 2 300 1.4006 7 300

d A = place of the reflections in A, Int = the intensity of the reflections, hkl = the index of the reflections

rhombohedral calcite, which is at locally cavernous, at the 
external boundary of the fissure filling. Their composition 
is as follows: P20 5 (8.05-39.02%), Sc20 3 (5.05-38.95%), 
Ce20 3 (5.61-24.84%), Nd20 3 (1.35-6.15%) and La20 3 
(6.79-10.17%).

Montmorillonite [(l/2Ca,Na)07(AI33Mg03)[Si8O20(OH)4- 
•nH20]] belongs to the 2:1 type group of the clay minerals 
(N emecz 1973).

The quantity of montmorillonite exceeds 15% in Borehole 
Uh-22 at the following depths: 112.7-118.8, 167.2-244.0, 
278.1 (argillised zone), 298.0-308.1 (generally thin, con
nected to 61-90° dip-fissures).

In Borehole Uh-23 montmorillonite increases at the 
following depths: 138.9-151.3, 167.8-169.6, 173.38 and 229.2 
(thin, connected to 61-90° dip-fissures, except at 169.6 m, 
which is 5 cm thick with small dip).

In the montmorillonite-bearing samples (>25%) the fol
lowing important mineral associations can be seen: mont
morillonite, montmorillonite+illite, montmorillonite+paly- 
gorskite+illite, chlorite, calcite, montmorillonite+chlorite, 
montmorillonite+calcite.

X-ray diffraction-features: on the original powder photo
graph the montmorillonite of the sections described above 
has a strong, pointed (001) basis reflection about 14 A d, 
which indicates a well ordered structure. The image is vir
tually the same as that to the (001) reflection of vermi-

culite. However it has been identified as montmorillonite 
based on the X-ray diffraction of the orientated and treated 
specimens from the samples, Le. the 14 A d  value measured 
on untreated samples, the 17 À d  value measured on the 
samples treated by ethylene-glycol and the 10 A d  value 
measured on the specimen heated to 490 °C unambiguous
ly prove the presence of swelling montmorillonite.

The thermal analysis contributed and completed the 
results of the X-ray diffraction research on the montmoril
lonite-bearing samples. Among the reactions of the thermal 
measurements the most important are ( F ö l d v á r i 1986):

— the low-temperature dehydration process (at a tem
perature between 30-350 °C), during which the water, 
adsorbed on the surface and being in the interlayer 
space, escaped;

— the most important thermal reaction and suitable for 
classification of smectite type clays (montmorillonite) 
is when structural water of the hydroxyl group (octa
hedral layer) escaped, which can occur in the tem
perature range 390-900 °C;

— the high-temperature peak system gives further infor
mation about the lattice structure of the montmoril
lonite; the endothermic component of the peak-sys
tem indicates the collapse of the structure and the 
ion-regrouping, so long as the exothermic reactions 
refer to the formation of new phases.



X-ray diffraction data of the palygorskite

JCPDS 21-958
Monoclinic palygorskite Glasgow 

(N emecz 1973)
Borehole Ü h-22 

166.4
Borehole Ü h-22 

441.9

d A Int. hkl d A Int. hkl d A Int. hkl d A Int. hkl
10.4 100 110 10.35 100 110 10.378 100 110 10.378 100 110
6.36 20 200 6.33 19 200 6.272 19 200 6.380 16 200
5.38 16 -130 5.382 13 -130 5.353 15 5.379 14
4.46 20 040 4.462 29 040 4.457 46 040 4.457 30 040
4.36 4 -121 4.258 11 -121 4.345 22 -121 4.353 6 -121
4.14 18 121 4.129 15 121 4.114 22 121 4.168 15 121

3.988 4 201
3.65 10 240 3.648 10 131 3.648 21 240 3.654 13 240
3.44 4 150 3.436 3 150 3.458 15 3.464 4
3.23 14 231 3.351 7 231

3.223 16 31-1 3.227 50 231 3.232 28 231
3.18 18 400 3.170 23 400 3.178 65 400 3.196 46 400

3.088 11 32-1
2.885 3 33-1
2.673 6 41-1

2 .609 6 002 2.609 10 421 2.611 21 2.632 9
2.585 10 440 2.585 15 440 2.579 34 2.602 19
2.555 10 -161 2.550 45 2.550 15 -161

2.536 17 061 2.523 36
2.506 12 161 2.507 12 112 2.512 20 161

d A = the place of the reflections in A, Int. = the intensity of the reflections, hkl = the index of the reflections.

According to the thermal analyses it was established 
that among the samples investigated one group stands out 
on the basis of the strength of the water bound in the inter
layer space (Üh-22/112.7, 118.8, Üh-23/138.9, 151.3, 167.8 
and 229.3). A similar strength of bonding was recorded 
previously only in the case of the montmorillonites (ben
tonites) of hydrothermal origin. In other samples water 
release from the interlayer cations could not be seen, or 
was just recognised on the second derivative of the thermo- 
gravimetric curve. This could mean that in the interlayer 
space there are either univalent cations or no cations at all 
(as is the case of hydro-biotite). In most cases the water 
layer co-ordinated around the cation can be recognised as 
an inflection on the high-temperature line of the dehydra
tion peak or sometimes as an independent peak. From the 
point of view of temperature this reaction appears between 
170-180 °C in the investigated samples, in the case of 
another group (Üh-23/138.9, 151.3 and 229.2) it appears 
at about 195 °C. This temperature value depends on the 
hydration energy of the interlayer cations, and that is a 
function of the cation charge and size.

Mg, due to its smaller size, has a higher hydration ener
gy than Ca, thus the exiting temperature of the water layer 
co-ordinated around it is higher by 50-60 °C than that of 
the usual Ca cation ( F ö l d v á r i et al. 1998). The loss of 
water bound to the cation at a higher temperature range 
(195-200 °C) makes the presence of Mg-cations probable 
in the interlayer space (maybe Mg>Ca), which explains 
why these montmorillonites seem to be vermiculite-like on 
the X-ray diffractograms. In the respect of dehydroxilation

the montmorillonites studied are more comparable to each 
other. The measured temperature values vary between 
550-580 °C. This temperature range does not indicate an 
extreme octahedral cation composition (for example Mg), 
different from the usual montmorillonite, nor to the high 
temperature origin. At high temperature we could not 
detect any dehydroxilation process, since most samples 
contained some calcite, which has its thermal dissociation 
at the same range. Montmorillonite was probably formed 
both through the precipitation from hydrothermal solution 
(Mg>Ca), and through the alteration of the biotite. K’-ions 
were initially replaced by a water layer (hydro-biotite), then 
during progressive alteration Mg2Mons gradually took the 
place of K+-ions (vermiculite, and Mg-montmorillonite).

Palygorskite [(Mg, Al)2Si4O 10(OH)-4Fl2O] belongs to 
clay minerals, but its structure is very different from that of 
other clay minerals: essentially layer-like, it consists of chains 
of duplicate pyroxene chains with alternating connections. 
The chains are connected with octahedral surrounding 
cations. The “water”-molecules in the palygorskite struc
ture can be found in different positions:

-  connected to the terminal ion (mainly Mg) of the 
repeatedly broken octahedral-sheet (structural water);

-  placed in the channels of the structure (zeolitic or 
free water), exchangeable to different ions, even big
ger, long-chained and elongated organic molecules; 
the cation exchange capacity of the palygorskite can 
vary between 20-36 meq/100 g (Caillére et al. 1982);

-  sometimes bound to the external surface (adsorbed 
water).



Dehidration temperature of the water expelled from palygorskite based on published data

Reactions °c Explanation
Water amount (%)

(1) (2) (3) (4) (5)

1.
180(2) 

<210 (4) 
50-200 (5)

free water 8.5 9.0 7.5 8.0 -10

2.
280 (2) 

210-350 (4) 
200-300 (5)

bound water I 2.1 2.0 3.0 4.1 2-4

3-4.
350-600 (2) often double peaks 

350-580 (4)
400-600 (5)

bound water II and OH 6.4 6.0 8.5 5.2 6.0

5.
about 800 

580-800 (4) 
800-900(5)

OH 2.0 2.0 2.1 2.0

Total: 19.0 19.0 19.0 19.4 -21.0

After the temperature data and also in the column of the water content, the numbers refer to: (1) = Bradley 1940; (2) = Martin Vivaldi and Fenoll 
Hach-Ali 1970; (3) = Kulbickt and G rim 1959; (4) = Hayashi 1969; (5) = Ivanova et al. 1974,

According to theoretical calculations the total water 
found in palygorskite, with the water originating from the 
two OH groups, is 19.6%. Higher values could be measured 
because of the adsorbed water.

This is the first description of palygorskite from this 
area of Hungary. It is found as a fissure-filling mineral, in 
the form of thin veins (1-2 mm). In Borehole Üh-22 the 
amount of palygorskite is over 10% at the following depths: 
100.8-112.7, 166.4-167.2, 298.0, 308.0 (<43%, generally in 
thin fissures dipping at 61-90°) and 441.9 m (76%, in fis
sures dipping at <40°). In the samples studied palygorskite 
was found in the following important mineral associations: 
palygorskite (Üh-22/441.9), palygorskite+montmorillonite 
(Ü h-22/112.7, 167.8, 169.6, 229.2, 298.0 and 308.1), paly- 
gorskite+calcite (Ü h-22/100.8 and 171.8), and also in the 
re-dissolved cavities of the calcite (Ü h-22/160.0); paly- 
gorskite+montmorillonite+calcite±dolomite (Üh-22/166.4 and 
167.2). According to the X-ray diffractograms the monoclin
ic variety of palygorskite is present. Table 5 shows the 
important X-ray diffraction data compared to literature data.

To evaluate the thermal analyses we had to take into 
consideration that the literature data are generally in accor
dance with each other concerning the reaction temperature 
zones characteristic for the water types of palygorskite, but 
differ a little regarding the proportion of water observable 
on the thermal curves (Table 6).

According to X-ray diffractograms taken after heating, 
mass loss taking place up to 210 °C corresponds to the loss 
of the adsorbed and zeolitic water. Above that temperature 
the mineral gradually alters into palygorskite-anhydride, 
when the structural water has also gone. At 800 °C the struc
ture of the mineral collapses, and while the temperature 
remains between 900-1000 °C generally enstatite and 
cristobalite, or cordierite and tridymite form ( N e m e c z  1973).

The samples from the boreholes at Üveghuta do not 
contain pure palygorskite, thus the thermal reactions of the

minor minerals accompanying palygorskite are strongly 
masked by the reactions characteristic for palygorskite, and 
shown in the table above. For this reason the identification of 
the phases in the mineral associations at Üveghuta is possi
ble based only on the third reaction between 440-490 °C 
(Figure 7). It is clear that there is a recurrent inflection on 
the low temperature part of the first reaction, which is 
probably the reaction of the adsorbed water, but in the lit
erature the presence of some sort of cations is also suggest
ed ( C a il l é r e  and H é n in  1957). The uncertainties shown 
in Table 6 and the masking of the accompanying minerals

Uveghuta-22, 441.9 m
%

- 0.0

-  -3.9

-  -7.8

-  -11.7

-  -15.7

-19.6

0.0 200.0 400.0 600.0 800.0 1000.0 C

Figure 7. Derivatogram of a palygorskite-bearing sample 

7. ábra. Paligorszkit-tartalmú minta derivatogramja



make a quantitative determination difficult. Every sample 
studied contained at least 3 accompanying minerals.

Illite [KM 5Al4[Si7_6 5A1,_i 5O20(OH)4]-nH2O] is a 
phyllosilicate. Most illites are dioctahedral, namely mus
covite-layered, but there are trioctahedral, biotite-type illite 
as well. The structure of illite substantially differs from that 
of muscovite and biotite in that it contains less interlayer 
cations, so the cohesion of the layers is weaker, and the re
gularity is also smaller in the layer succession. In áddition, 
illite contains more, mainly adsorbed water.

X-ray diffraction analyses of the <2 |i fraction of the 
Samples Üh-22/182.6 and Üh-22/278.1 identified lM -lM d 
varieties among the layer-polymorph varieties indicating a 
hydrothermal origin. This variety is stable at temperatures 
below 350 °C ( N e m e c z  1973). On the diffractograms the 
intensity of the reflections found at the 20, 24, 29, 35 and 
62° 2© d  values are approximately the same. Based on the 
(001) reflection probably a few smectite-interlayers could 
also be found in this illite. Similar 1M type illite is known 
in the Velence Hills and at Telkibánya. Based on the ther
mal analysis, the corrected temperature of the illite de- 
hydroxilation in sample Oh-22/182.6 is 580 °C. A similar 
value was measured on the illite of epithermal origin (578 °C) 
at Recsk. The highest temperature of illite dehydroxila- 
tion at Telkibánya shown above is 601 °C, but that of the 
illite from the Velence Hills is 594.5 °C. Generally illite 
together with quartz is more frequent in the fissure fill
ings studied.

Epidote [Ca2 (Al,Fe)3(Si04)3(0H)] was found by ther
mal analysis in association with calcite, pyrite and chlorite. 
The epidote has one thermal reaction, which appears in 
our case at 964 °C, and this marks the dehydroxilation of 
the mineral.

Fe-oxides/oxihydroxides are present in the samples taken 
from the fissure fillings, and their average values in the 
boreholes studied are shown in T a b le  7.

It can be established that the Fe-oxides/oxihydroxides 
were formed in two phases:

— in the early phase oxidising solutions altered the rel
atively reduced silicates of the granitoids into 
hematite (Fe-oxide/oxihydroxide I), silica, carbon
ates, clays etc.; they appear in the rock breccia at the 
external edges of the fissures.

— in the late phase the Fe2+, found in the fissure-filling 
carbonates (Fe-dolomite, ankerite), was oxidised 
into Fe3' under oxidising conditions, then in a slight
ly alkaline (pH -8,5) environment they precipitated 
in the form of Fe3’-oxide/oxihydroxide (Fe-oxi- 
hydroxide II). The Fe-minerals found as infillings 
generally form a smeared, earthy-ductile material 
in which other minerals are absent or rare.

Additional minerals were revealed by electron micro
probe analysis ( S z a b ó  e t  a l. 1998, 1999): isometric garnet 
grains on the external parts of the carbonate fissure fillings, 
Ni-bearing pyrite in higher temperature idiomorphic 
dolomite crystals, Co-Ni arsenides, U-Th oxides.

2 .3 . C o m p le m e n ta r y  d a t a  c o n c e r n in g  th e  o r ig in  

o f  th e  f i s s u r e  f i l l in g s

Complementary research was done on one part of the 
sample material of Borehole Üh-22 and Borehole Üh-23 
at Üveghuta:

— analysis of fluid inclusions found in the carbonate 
fissure fillings, and the study of carbonate minerals 
by mass spectrometry;

-  investigation of the l37Cs sorption on different minerals;
-  stable-isotope (O, C, S) analyses;
— K/Ar-age determination.
Based on this complementary research the following is 

established:
In the case of the carbonates, which are the most fre

quent fissure-filling minerals, the presence of ankerite, Fe- 
dolomite, Mn-bearing dolomite and calcite is observable, 
from depth to the surface, based on mass spectrometry and 
fluid inclusions studies. According to these results the car
bonate minerals crystallised at least in three phases. First 
the ankerite, Fe-dolomite, Mn-bearing dolomite and part of 
the calcite (I: 170-210 °C) were formed at deep levels in a 
reducing environment and at high temperature. After that, 
in the second phase, light and dark coloured calcites were 
formed, which prove the mixing of reducing and oxidising 
conditions (II: 90-130 °C), and finally, the secondary, 
superficial calcites of meteoric origin were formed at low 
temperature (III: 40-50 °C) ( S z a b ó  e t  a l. 1998, 1999).

Ca2+ and Na* release in accordance with the ratio of the 
alkaline ions to H+, caused by the argillisation (illite, mont- 
morillonite) of the plagioclases (albite-oligoclase). This 
could determine the relatively salty character of the solu
tions too, as was established in the fluid inclusions of the 
carbonate veins ( S z a b ó  e t  a l. 1998, 1999).

According to the isotope research, based on the meas
ured 8l80-values, the carbonate of the fillings is of 
hydrothermal origin and its precipitation could happen at 
different temperatures. The carbonate fissure fillings are of 
at least two generations; one could precipitate at a tempera
ture between 63-74 °C and another between 29-48 °C 
( H e r t e l e n d i  e t  a l. 1998, 1999). These results confirm the 
presence of the carbonate generations mentioned above, 
but under lower temperatures of precipitation.

The commonest material of the carbonate-filled fis
sures in granitoid rocks differently adsorb radioactivity 
( l3,Cs). Generally those of calcite-dolomite composition 
adsorb weakly (1.14-3.23 dm3/g), except for one calcite- 
montmorillonite sample, which shows a 6.16 dm3/g adsorp
tion, caused by the presence of the clay minerals. A special 
case exists in the case of the ankerite fissure fillings, in 
which under reducing conditions Fe3+ oxide/oxihydroxides, 
forming due to the Fe2* oxidation, strongly adsorb the iso
tope (5.71 dm3/g, M . N a g y  and K ó n y a  1998, 1999).

K/Ar age determination was carried out on the pre
pared (2-10 |i fraction) of illite from Üveghuta, giving the 
ages of 75.2±3.0 and 172.9±6.6 Ma, indicating Middle 
Jurassic - Late Cretaceous (B a l o g h  1998, 1999).



The rock-mechanical quality of the fillings are very dif
ferent from those of the surrounding host rock:

— Those with a clay mineral composition are much 
more plastic and often smeared along the fissures. 
They are mainly Mg-montmorillonite, which reduces 
the permeability of the fissures and the fault zones 
with its excellent swelling capacity and also with its 
adsorption features.

— The quartz, potassium feldspar and epidote fissure 
fillings, generally bond with the host rock, are 
always closed, hard and impermeable.

— The carbonate fissure fillings are very often symmet
rical, or zonal-lenticular, their central zones being 
sometimes cavernous, and often resorption can be 
also noticed, which clearly makes these fissures 
more permeable.

3. Conclusions

During our research we established that the minerals of 
the fissure fillings were formed in several phases as the 
result of the repeated opening and filling of fissures. After 
the emplacement of the granitoids the minerals were 
formed in a low-temperature, at least two-step hydrother
mal phase, followed by a supergene phase.

In the early phase oxidising solutions altered the relatively 
reduced silicates of the granitoids into hematite (Fe-oxide/ 
oxihydroxide I), silica, carbonates, clays e tc ., which appear 
in the rock breccia at the external edges of the fissures.

E p id o te ,  c h lo r ite , s u lp h id e s  e tc . were formed at the high
est temperature.

The majority of the fissure fillings have a carbonate 
composition. Among the carbonates, different transitional 
forms of c a lc ite , d o lo m ite ,  F e -d o lo m ite , a n k e r i t e  and k u tn a -  

h o r i te  were identified.
The authigenic montmorillonite is generally v e r m ic u lite -  

l ik e  m o n tm o r i l lo n i te  (Mg>Ca montmorillonite) formed at 
high temperature. However, the Mg content of the solu
tions was too low to produce vermiculite.

Later, with decreasing temperature and Mg-concentra- 
tion of the hydrothermal solution, only C a - m o n tm o r i l lo n i te  

was formed in a newer phase.
In addition to a lowering of temperature, a new Mg- 

enrichment of the solutions resulted in the appearance of 
p a ly g o r s k i te .  The hydrothermal 1M variety of i l l i te  was 
identified in some samples, but it was generally formed due 
to the argillisation of feldspars and the adsorption of K+ by 
montmorillonite.

The Fe-oxides and -hydroxides (first of all hematite, 
then goethite), formed by hydratation of the earlier formed 
hematite along vertical fissures, represent the last phase in 
oxidising conditions. The Fe-minerals, found as fillings, 
generally form a smeared, earthy-ductile material, in which 
other mineral components are absent or rare.

Summing up the results of the microscope, X-ray dif
fraction, thermal analysis and the auxiliary research, the 
development cycle of the Lower Carboniferous granitoids 
and the fissure fillings of the Mórágy Complex can be 
reviewed in T a b le  8 .

Hydrothermal processes affecting the rocks of the Mórágy Complex
Table 8

Chronological order Characteristic o f mineral association
Formation

temperature
r a

K/Ar age 
[million year] Comment

Supergene phase calcite III, Fe-hydroxid II (goethite) 40-50

II. hydrothermal phase
quartz, 
calcite II,
palygorskite, illite, montmorillonite

90-130
75.2+3.0 (illit <10 p) 
106.9+4.1 (illit <2 p) 
117.2+4.5 (illit <2 p) 

172.9+6.6 (illit <10 p)

Late Cretaceous 
Middle Cretaceous 
Early Cretaceous 
Middle Jurassic

I. hydrothermal phase
carbonat I (Mg, Fe, Mn and REE?-), 
epidote, garnet, sulphides, quartz- 
rock-breccia (Fe-oxide/oxihydroxide I)

170-210

Formation 
of the granitoid 
complex

microcline megacrystals, veins 
porphyritic granitoids ~ 400 330-350

305-320 (biotite+amphibole)
Carboniferous
Carboniferous
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Plate I — I. táblázat

1. On the edge of the fissure filling squat, euhedral quartz prisms, then smashed quartz and rock clasts, then limonitic, coarse-crystalline- 
mosaic dolomite strip and finally brecciated bedrock can be seen. — A repedéskitöltés szélén zömök, euhedrális kvarc prizmák, majd 
zúzott kvarc és kőzettörmelék, aztán erősen vasas, nagykristályos-mozaikos dolomit sáv és végül a breccsás jellegű alapkőzet látható. 
Borehole Üh-22, 331.60 m, N+, 50*.

2. Mosaic-xenomorphic Fe-dolomite zone followed by small-grained mosaic quartz crystal zone, which is interfingering on the edges with 
lenticular laminated silica and rock-clastic zones, — Mozaikos-xenomorf vasas dolomit sávot aprószemcsés mozaikos kvarc kristályok 
sávja követ, amely a széleken összefogazódik a lencsésen kihengerelt kova és kőzettörmelékes sávokkal.
Borehole Üh-22, 411.50 m N+, 50*.

3. Scalenohedral dolomite crystals found in the internal zone of the cavity along a fissure, with growth zoning. — Repedésmenti üreg 
belső sávjában szkalenoéderes dolomit kristályok találhatók, növekedési zónássággal.
Borehole Üh-22, 258.40 m, N+, 50*.

Photo by E. Rálisch-Felgenhauer




