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P–T con di tions of the Al pine re gional meta mor phism of car bon ate suc ces sions which form the cover se quence of the south ern
Veporicum crys tal line base ment have been de ter mined. The P–T es ti mates were cal cu lated on the ba sis of microprobe chem i cal anal y ses
of equi lib rium min eral as sem blages to gether with anal y ses of bulk rock chem i cal com po si tion. The cal i brated geo ther mic re ac tions
Cal–Dol and Kfs–Phl were used. Geothermometric and geobarometric data were ob tained us ing the SOLVCALC, TWQ and PERPLEX
soft ware pro grams in com bi na tion with phengite geobarometry. The metacarbonates were formed from a sed i men tary-car bon ate
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329–453°C, P » 0.3–0.5 GPa, dur ing Cre ta ceous orog eny.

Pe ter Ružièka, Anna Vozárová, Mar tin Michálek and Mar ian Dyda, Fac ulty of Nat u ral Sci ences, Comenius Uni ver sity, De part ment of
Min er al ogy and Pe trol ogy, Mlynská dol ina G, 842 15 Bratislava, Slovakia, e-mail: ruzicka@fns.uniba.sk (re ceived:  July 13, 2010; ac -
cepted:  De cem ber 07, 2010).

Key words: south ern Veporicum, geothermobarometry, metacarbonates, Al pine meta mor phism.

INTRODUCTION

Cal cite-do lo mite geothermometric data based on Powell et
al. (1984) cal i bra tion were used by Iró and Radvanec (1997)
for hy dro ther mal car bon ates in an ore de posit sys tem. They de -
ter mined the tem per a ture of the al ter ation pro cesses lead ing to
the for ma tion of Fe-Mg ankerites in the range of 300–350°C at
the Nižná Slaná lo cal ity (Gemericum Unit). Radvanec and
Prochaska (2001) used the bi nary phase di a gram of Powell et
al. (1984) to es ti mate the tem per a ture range (370–400°C) of
dif fer ent cal cite and do lo mite gen er a tions at the Dúbrava ore
de posit (Tatricum Unit). The cal cite-do lo mite geothermometry 
ap plied to re gional meta mor phosed car bon ates has not pre vi -
ously been at tempted in Slovakia. The metacarbonate lo cal i ties
in ves ti gated are in the Dobšiná Brook val ley, the Plaèkova val -
ley and the “Tuhár Me so zoic area”. This work pres ents new
data  on the meta mor phic de vel op ment dur ing Al pine orogenic
events in the south ern Veporicum Unit. Pre vi ously pub lished
meta mor phic recrystallization data from siliciclastic meta sedi -
ments (Korikovsky et al., 1992; Lupták et al., 2003) are then
com pared with our data from the metacarbonate suc ces sions.

GEOLOGICAL SETTING

The cover of the south ern Veporicum crys tal line base ment
is com posed of the Late Pa leo zoic Revúca Group con sist ing of
the Penn syl va nian Slatviná For ma tion and the Perm ian Rimava 
For ma tion (Vozárová and Vozár, 1982, 1988), to gether with
the Me so zoic se quence of the Föderata Group, that was firstly
de fined by Rozlozsnik (1935). This group is dis tin guished
from the cover se quence of south ern Veporicum as well as
from north ern Veporicum by the pres ence of Penn syl va -
nian/Perm ian  de pos its and the ab sence of Keuper fa cies (Biely
et al., 1996). The base ment of the south ern Veporicum is only
partly cov ered by the Föderata Group (Fig. 1), and thus spe cific 
lo cal i ties have been cho sen.

The age of the Föderata Group is based on lithofacies cri te -
ria and on rare biostratigraphic data con firm ing the Tri as sic age 
of the metasedimentary rocks. Microfloral as sem blages of
Ladinian-Carnian age were found in dark shales, which form
interlayers within the black and grey crys tal line lime stones
(Biely and Planderová, 1975). Dark, sandy shales with in ter ca -
la tions of dark cherty lime stones were as signed to the Carnian
(Cordevolian–Julian) based on cono dont ages (Straka, 1981).



Due to the ab sence of Ju ras sic rocks, Plašienka (1981, 1983,
1993) de duced a lithostratigraphically dif fer en ti ated de vel op -
ment of the Tri as sic metacarbonates. Lithological dif fer ences
ex ist among the in di vid ual oc cur rences of the Föderata Group.
Gen er ally, the pre-meta mor phic suc ces sion of the Mid dle and
Up per Tri as sic is formed by dolomites (rauwackes), dark and
light crys tal line lime stones, marly and si li ceous cherty lime -
stones, sandy and marly shales with lenses of dark cherty lime -

stones and dolomites. The whole thick ness var ies in thicknes
from 200–450 m (Biely et al., 1996). 

Pink and light grey mas sive and platy metacarbonates oc cur 
on both river banks of the Dobšiná Brook val ley. They  overlie
rauwackes or dark metacarbonates and underlie cherty
metacarbonates and black shales. The age of these mar bles has
not been palaeontologically de ter mined due to in tense de for -
ma tion and recrystallization. Vozár (in Bajaník et al., 1983)
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Fig. 1. Tec tonic sketch (Vozár et al., 1998) and sim pli fied map of the Veporicum (Hók et al., 2001) with sam ples localites



clas si fied the metacarbonates based on their lithological com -
po si tion and their strati graphic po si tion as Mid dle Tri as sic
(Anisian–Ladinian).

In the Plaèkova val ley, near the Diel sad dle, the Föderata
Group metacarbonates oc cur in a NE–SW di rected fault zone
(Vojtko in Kováè et al., 2004). This rock se quence un der went
duc tile de for ma tion. Dark and black lam i nated metacarbonates
(Anisian) are pres ent, in ter ca lated with pale, lam i nated
metacarbonates (Anisian–Ladinian) and dolomites (Norian).

The Mid dle Tri as sic Tuhár mar bles are pres ent in the mid -
dle part of the metacarbonate Tuhár suc ces sion. These mar bles
lo cally grade into si li ceous and cherty metacarbonates, con sid -
ered to be the most deep-wa ter part of the Föderata Group
(Plašienka in Bezák et al., 1999). Si li ceous and cherty
metacarbonates de vel oped from the un der ly ing Anisian dark
platy metacarbonates, lo cally in di rect con tact with basal cav -
ern ous dolomites (Straka and Vozár in Vass et al., 1992). Ac -
cord ing to their po si tion in the suc ces sion and  by anal ogy with
other ar eas of the Föderata Group, the si li ceous and cherty
metacarbonates cor re spond prob a bly to the up per
Anisian/Ladinian. Lithologically, these car bon ates are sim i lar
to the Steinalm, Wetterstein and Ramin lime stone fa cies

(Plašienka in Bezák et al., 1999). These metacarbonates are
sed i men tary rocks of the Mid dle to Up per Tri as sic car bon ate
plat form, in which the pri mary sed i men tary tex tures were de -
stroyed dur ing recrystallization (Straka and Vozár in Vass et
al., 1992). The whole thick ness of the Tuhár mar bles reaches
~200 m (Plašienka in Bezák et al., 1999).

METHODS

The field study fo cused on sam pling metacarbonate rocks
for geothermobarometry, and geo chem i cal and iso to pic mea -
sure ments from the lo cal i ties (Fig. 2) of Dobšiná Brook val ley
(DP), Plaèkova val ley (PLD) and Tuhár (TU). 

For geothermobarometry, the metacarbonate equi lib rium min -
eral as sem blages were cho sen. Co ex ist ing min eral pairs were
analysed by the elec tron microprobe CAMECA SX 100 (State
Dionýz Štúr Geo log i cal In sti tute, Bratislava). 15 kV and
10–20 nA were the mea sur ing con di tions. The elec tron beam di -
am e ter (5–10 µm) was changed dur ing mea sure ments to avoid
mis lead ing anal y ses due to car bon ate evap o ra tion. Mg – for ster ite, 
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Fig. 2A – exposure of folded platy mar bles  about 15 m long on the left side of the Dobšiná Brook val ley, look ing from the di rec tion 
of Dobšiná, B – view of the aban doned quarry on the right side of the Dobšiná Brook val ley, C – the Plaèkova val ley, 

D – ac tively mined part of the quarry near Tuhár



Ca – wollastonite, Fe – faya lite, Sr – SrTiO3, Mn – rhodo nite were
used as an a lyt i cal stan dards for car bon ate anal y ses. For micas and
feld spars Si, Ca – wollastonite, Na – al bite, K – orthoclase, Mg –
for ster ite, Al – Al2O3, Fe – faya lite, Mn – rodonite, Cr – Cr, Ni –
NiO, Ti – TiO2, Sr – SrTiO3, Ba – bar ite, P – ap a tite, F – LiF, Cl –
NaCl as cal i bra tion stan dards were used.

Recrystallization tem per a tures of the metacarbonates
were de ter mined us ing the cal cite-do lo mite solvus cal i bra tion 
data of Anovitz and Essene (1987) and McSwiggen (1993). A 
re cal cu lated phengite com po nent of white mica was used to
eval u ate recrystallization pres sure con di tions (Massone and
Schreyer, 1987). The pro gram SOLVCALC vers. 2.0 (Wen
and Nekvasil, 1994) has been ap plied for feld spar solvus
geothermometry. For the P–T di a gram con struc tion the po si -
tion of Puhan’s (1978) re ac tion 3Dol + Kfs + H2O = Phl +
3Cal + 3CO2 was cal cu lated us ing TWQ soft ware vers. 2.32
(Berman, 2007). PERPLEX vers. 07 (Con nolly, 2007) has
been used to de ter mined the chemographic phase re la tions in
metacarbonates. The whole rock chem i cal anal y ses for the
P–T pseudosection con struc tions in the KCFMAS-HC sys -
tem were ana lysed at An a lyt i cal Lab o ra to ries Ltd., Van cou -
ver, Can ada (Ta ble 1). Con cen tra tions of the ma jor el e ments
were de ter mined by the ICP-AES method. De tec tion lim its
for SiO2, TiO2, Al2O3, MnO, MgO, CaO, Na2O, K2O are de -
fined on the level of 0.01 wt.%. Fe2O3 has the de tec tion limit
0.04 wt.%, P2O5 0.001 wt.% and Cr2O3 0.002 wt.%. The CO2

con tent was de ter mined by LECO anal y ses in AcmeLabs with 
the de tec tion limit ±0.02 wt.%. Min eral ab bre vi a tions fol low
Siivola and Schmid (2007).

PETROLOGY

METACARBONATES FROM DOBŠINÁ BROOK VALLEY (DP)

The granoblastic tex ture is formed by atternations of reg u lar
lam i na tion with cha ot i cally dis trib uted coarse-grained twinned
lamellar and fine-grained cal cite ag gre gates, which grade into

fine-grained mylonitic ma te rial (Fig. 3A). Iso lated lenses of the
coarse-grained cal cite ag gre gates in a fine-grained ma trix have
been ob served lo cally. Cal cite and do lo mite porphyroblasts show
a range of transformational changes to porphyroclasts dur ing the
fol low ing cataclastic de for ma tion (Fig. 3B). The do lo mite
porphyroblasts form sharp-bor dered rhom bo he dra in side the
polycrystalline cal cite ag gre gates. Fe-stained microstylolites
(Fig. 3C) con tain in creased con cen tra tions of meta mor phic micas
(mus co vites, rarely chlorites) ac com pa nied by poly he dral opaque
min er als (py rite, mag ne tite). Opaque min er als are sec ond arily al -
tered to Fe-ox ides. Anhedral grains and ag gre gates of non-un du la -
tory quartz are lo cally pres ent in the fine- and coarse-grained cal -
cite do mains. Quartz ag gre gates with un du la tory ex tinc tion are lo -
cally pres ent (Fig. 3D). Iso lated platy meta mor phic micas are as -
so ci ated with the fine-grained cal cite ma trix. Par al lel ori ented
phlogopite crys tals within the fo li a tion show a par tial un du la tory
ex tinc tion (Fig. 3E). In DP metacarbonates K-feld spars
(microcline) and albitic plagioclases have been iden ti fied. Al bite
forms iso lated grains with rarely pre served twinning lamellae
(Fig. 3F). The meta mor phic min eral as sem blage is con se quently
formed by Cal + Dol + Qtz + Ms (Phg) + Phl + Kfs + Ab.

METACARBONATES OF PLAÈKOVA VALLEY (PLD)

Dif fer en ti ated fine- to coarse-grained cal cite ag gre gates are 
ar ranged in granoblastic tex tures. Ro tated cal cite
porphyroblasts are lo cally pres ent with fea tures of pres sure
twinning. Do lo mite oc curs in this as sem blage as rhombohedral
porphyroblasts (Fig. 4A). Iso lated anhedral non-un du la tory
quartz grains within the coarse cal cite ma trix do mains al ter nate
with rarer polycrystalline un du la tory quartz ag gre gates. Meta -
mor phic white mica forms plas tic deformated ag gre gates with
the slight un du la tory ex tinc tions. A white mica crenulation
cleav age (Fig. 4B) is weak and is mostly con cen trated in the
Fe-stained microstylolitic do mains. Ac ces sory py rite is com -
monly ox i dized and a graph ite pig ment is pres ent in the cal cite
ma trix. The PLD metacarbonates con tain the fol low ing meta -
mor phic min eral equi lib rium as sem blages: Cal + Dol + Qtz +
Ms (Phg) ± Phl.

METACARBONATES FROM TUHÁR (TU)

The equigranular cal cite granoblastic microstructure
(Fig. 4C) dis plays slight de for ma tion and pre ferred ori en ta tion,
with lo cal tran si tions from fine- to me dium-grained ma trix. The 
metacarbonates are lo cally cut by sec ond ary frac tures filled
with coarse-grained cal cite. Microstylolites with in creased py -
rite con cen tra tions are pres ent (Fig. 4D). Graph ite is ir reg u larly 
dis trib uted. In some places cal cite porphyroblasts show a dis -
tinct lamellar pres sure twinning. Do lo mite porphyroblasts are
reg u larly dis trib uted in the fine-grained cal cite do mains
(Fig. 4E). Do lo mite is fre quently clouded with sec ond ary iron
stain ing and graph ite. Quartz forms iso lated anhedral grains
and polycrystalline mo saic ag gre gates with an in tense un du la -
tory ex tinc tion. White micas are rep re sented by platy mus co -
vite in a cal cite ma trix (Fig. 4F). Iso lated py rite grains fre -
quently have pseudo-hex ag o nal sec tions and are partly trans -
formed to sec ond ary Fe-ox ides (he ma tite and goethite).
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Ox ides
[wt.%]

Sam ple

DP-1  DP-9  DP-17  PLD-3

SiO2 1.34 1.33 0.90 4.44

TiO2 <0.01  0.01 <0.01  0.06

Al2O3 0.23 0.27 0.25 1.42

Cr2O3 <0.002 <0.002 <0.002 <0.002

FeO 0.20 0.11 0.05 0.41

MnO <0.01  <0.01  <0.01  <0.01  

MgO 1.97 3.96 2.02 2.75

CaO 53.98  50.44  53.88  48.49  

Na2O 0.02 <0.01  <0.01  <0.01  

K2O 0.14 0.1  0.1  0.56

P2O5   0.029    0.021 <0.01  0.06

CO2 40.48  42.09  44.26  40.22  

To tal 98.41  98.34  101.47  98.46  

T a  b l e  1

The whole rock chem i cal anal y ses of sam ples 
DP-1, DP-9, DP-17 and PLD-3



Opaque min eral con cen tra tions are con nected with
microstylolites that sep a rate fine- and coarse-grained cal cite
ag gre gates. The meta mor phic min eral as sem blage is formed by 
Cal + Dol + Qtz ±Ms (Phg).

CHEMICAL COMPOSITION OF THE MINERALS 

CALCITE AND DOLOMITE 

Cal cite anal y ses were ob tained from grains co ex ist ing with
do lo mite. The PLD cal cites and dolomites have el e vated FeCO3

rel a tive to those of the other units (Ta ble 2). The av er age mo lar
frac tion of X MgCO 3

from cal cite com po si tions range from 0.017
to 0.025, with very low con tents of  X FeCO 3

0.001–0.014 (Ta -
bles 2 and 3). The do lo mite porphyroblasts from the Dobšiná
Brook val ley are the most ho mo ge neous (Fig. 5A, B).

WHITE MICAS 

In the Föderata Group metacarbonates, mus co vites as white
micas have been iden ti fied (Ta ble 4). Their stoichiometric for -
mu las are as fol lows: 
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Fig. 3. Microstructural re la tions in the DP sam ple

 A – reg u lar mylonitic lam i na tion in granoblastic tex ture, B – cal cite porphyroclasts, C – microstylolites con taining mus co vite, 
D – mus co vite and quartz in the cal cite do mains, E – par al lel ori ented phlogopite crys tals, F – al bite as iso lated grains with

rarely pre served twinning lamellae; Ab – albite, Cal – calcite, Kfs – K-feldspar, Ms – muscovite, Phl – phlogopite, Qtz – quartz



1. DP: (K0.93–0.94Na0.01–0.03Ca0–0.01) (Al1.49–1.71Mg0.24–0.36

Fe0Ti0.03–0.04) [Al0.72–0.73Si3.27–3.28O10] (F0OH)2

2. PLD: (K0.86–0.88Na0.04–0.06Ca0) (Al1.65–1.70Mg0.21–0.26Fe0.04–0.05

Ti0.01) [Al0.78–0.79Si3.21–3.22O10] (F0OH)2

3. TU: (K0.79–0.93Na0.01–0.12Ca0.02) (Al1.52–1.82Mg0.10–0.47

Fe0.01–0.09Ti0.01–0.02) [Al0.55–0.85Si3.15–3.45O10] (F0OH)2

In the TU and DP metacarbonates most white mica com po -
si tions are mus co vite with some anal y ses classed as phengite
(Fig. 6). In the PLD metacarbonates only mus co vite com po si -
tions are pres ent. The pri mary li thol ogy mainly in flu enced the
modal quan tity of white mica in the metacarbonates. In the TU
sam ples the mus co vite is pres ent only in ac ces sory amounts,
com pared with the DP sam ples where mus co vite is com mon. 

PHLOGOPITE

Phlogopite is the sta ble in dex min eral in the bi o tite zone
within the greenschist fa cies sta bil ity field in the
metacarbonates stud ied. In the sam ple DP-7 phlogopite was 
iden ti fied as a sta ble part of the meta mor phic min eral as sem -
blage (Ta ble 4 and Fig. 6). In the sam ple PLD the tran si tion
phase be tween mus co vite and phlogopite was iden ti fied, which 
prob a bly re flects sub mi cro scopic inter growths of mus co vite
and phlogopite  (Fig. 6). The phlogopite stoichiometric for mula 
from the DP sam ple has the fol low ing for mu la -
tion: (K0.95Na0.02Ca0.01) (Al0.07Mg2.85Fe0Ti0) [Al0.89Si3.10O10] (F0

OH)2 (Fig. 5A).
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Fig. 4. Microstructural re la tions in the PLD and TU

A – do lo mite porphyroblasts (PLD), B – white mica crenulation cleav age (PLD), C – granoblastic tex ture (TU),  
D – microstylolite zone with py rite and mus co vite (TU), E – dis tri bu tion of porphyroblastic do lo mite in cal cite ma trix (TU),  

F – mus co vite in cal cite ma trix (TU); Dol – do lo mite, Py – py rite, other ex pla na tions as in Fig ure 3



FELDSPARS 

In the DP metacarbonate sam ples the
meta mor phic K-feld spars have an al bite
com po nent in the range of Ab2.32 and
Ab6.57, with the for mula
(K0.90–0.92Na0.02–0.07Ca0–0.01)Al1.00–1.01Si2.9–

3.00O8 a Pl-Ab: (Na0.94–0.99K0–0.01Ca0–0.05)
Al0.99–1.03Si2.96–3.02O8. The as so ci ated
albites have an an or thite con tent of An4.82

to An10.33 (Ta ble 5). The feld spars’ co ex -
ist ing micro struc tures are seen in the BSE
im ages (Fig. 7D–F).

GEOTHERMOBAROMETRIC
CALCULATIONS

PHENGITE GEOBAROMETRY

Pres sure con di tions es ti mates are de -
rived from phengite com po si tions of white
micas us ing Massone and Schreyer (1987),
from the as sem blage white mica + Kfs +
Phl + Qtz, which was found in
metacarbonates from DP (Ta ble 4). The in -
ten sity of re gional meta mor phism across
the Föderata Group var ies, as do the dif fer -
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Sam ple DP-2 DP-2 DP-8 DP-8 DP-14 DP-14 DP-16 DP-16 PLD-1 PLD-1 PLD-2 PLD-2

Phase Cal Dol Cal Dol Cal Dol Cal Dol Cal Dol Cal Dol

Av er age val ues [wt.%]

FeO 0.03  0.14  0.03  0.04  0.03  0.02  0.03  0.02  0.84  5.19  0.72  5.98  

MnO 0.01  0.01  0.02  0.01  0.00  0.02  0.01  0.02  0.08  0.18  0.07  0.17  

MgO 1.19  21.70    1.15  20.88    1.04  21.18    0.90  21.51    0.81  17.16    0.79  16.86    

SrO 0.04  0.05  0.04  0.04  0.04  0.03  0.14  0.04  0.11  0.04  0.09  0.04  

CaO 54.41    30.88    55.40    30.37    53.14    30.59    54.63    30.88    53.20    29.88    53.45    29.24    

To tal 55.68    52.78    56.64    51.35    54.26    51.84    55.72    52.48    55.03    52.46    55.12    52.30    

 For mula nor mal iza tion to 6 oxygens

Fe2+ 0.021 0.109 0.023 0.031 0.023 0.016 0.023 0.016 0.653 4.034 0.560 4.648

Mn2+ 0.008 0.006 0.017 0.011 0.004 0.014 0.007 0.014 0.061 0.142 0.056 0.135

Mg2+ 0.716 13.086  0.696 12.594  0.624 12.774  0.545 12.973  0.489 10.351  0.474 10.168  

Sr2+ 0.034 0.044 0.030 0.031 0.037 0.023 0.121 0.036 0.089 0.031 0.080 0.036

Ca2+ 38.887 22.068  39.592  21.708  37.980  21.862  39.044  22.072  38.020  21.359  38.201  20.901  

To tal 39.666 35.314  40.358  34.375  38.669  34.688  39.740  35.110  39.313  35.917  39.372  35.888  

FeCO3 0.044 0.226 0.048 0.065 0.048 0.032 0.048 0.032 1.355 8.369 1.161 9.643

MnCO3 0.016 0.013 0.035 0.024 0.008 0.029 0.014 0.030 0.128 0.297 0.118 0.282

MgCO3 2.485 45.396  2.415 43.687  2.166 44.312  1.889 45.001  1.696 35.907  1.645 35.274  

SrCO3 0.057 0.074 0.050 0.052 0.062 0.039 0.205 0.060 0.151 0.052 0.135 0.060

CaCO3 97.111 55.111  98.873  54.211  94.847  54.595  97.504  55.119  94.947  53.338  95.399  52.196  

To tal 99.713 100.820  101.421 98.039  97.131  99.008  99.660  100.243  98.277  97.964  98.458  97.455  

X CaCO3
0.975 0.976 0.977 0.981 0.969  0.971  

X MgCO3
0.025 0.024 0.022 0.019 0.017 0.017

X FeCO3
0.001  0.001  0.001  0.001  0.014  0.012  

Ex pla na tions as in Fig ures 3 and 4

T a  b l e  2

Microprobe anal y ses of cal cite and do lo mite from Dobšiná Brook val ley (DP) and Plaèkova val ley (PLD) metacarbonates

Sam ple TU-1 TU-1 TU-2 TU-2 TU-4 TU-4 TU-7 TU-7

Phase Cal Dol Cal Dol Cal Dol Cal Dol

 Av er age val ues [wt.%]

FeO 0.11  0.88  0.08  0.74  0.08  0.74  0.07  0.48  

MnO 0.02  0.05  0.02  0.02  0.02  0.04  0.01  0.04  

MgO 0.87  20.36    0.88  20.67    0.90  20.64    0.87  21.29    

SrO 0.02  0.01  0.01  0.01  0.03  0.01  0.02  0.03  

CaO 54.68    31.08    54.76    30.91    54.62    30.95    54.71    30.81    

To tal 55.70    52.39    55.75    52.36    55.66    52.38    55.67    52.64    

 For mula nor mal iza tion to 6 oxygens

Fe2+ 0.086 0.684 0.062 0.575 0.062 0.575 0.054 0.373

Mn2+ 0.015 0.043 0.013 0.019 0.018 0.032 0.007 0.027

Mg2+ 0.526 12.280  0.533 12.467  0.546 12.448  0.522 12.836  

Sr2+ 0.017 0.011 0.005 0.007 0.025 0.008 0.017 0.022

Ca2+ 39.081  22.214  39.140  22.091  39.036  22.121  39.098  22.020  

To tal 39.724  35.231  39.753  35.159  39.687  35.184  39.697  35.278  

FeCO3 0.177 1.419 0.129 1.193 0.129 1.193 0.113 0.774

MnCO3 0.031 0.089 0.027 0.039 0.038 0.067 0.014 0.057

MgCO3 1.825 42.600  1.848 43.247  1.892 43.181  1.810 44.528  

SrCO3 0.028 0.018 0.009 0.011 0.042 0.013 0.029 0.037

CaCO3 97.595  55.474  97.743  55.168  97.485  55.243  97.638  54.990  

To tal 99.656  99.599  99.756  99.659  99.586  99.697  99.604  100.386

X CaCO3
0.980  0.980  0.980  0.981  

X MgCO3
0.018 0.019 0.019 0.018

X FeCO3
0.002  0.001  0.001  0.001  

Ex pla na tions as in Fig ures 3 and 4

T a  b l e  3

Microprobe anal y ses of cal cite and do lo mite from the Tuhár (TU) metacarbonates



ent min eral as sem blages and P–T con di tions. Min eral as sem -
blages of DP and in part also PLD metacarbonates in di cate pres -
sure con di tions in the range of 0.4–0.5 GPa, as phlogopite-form -
ing re ac tions oc curred. This is in con trast to the TU sam ples,
where phlogopite and feld spars are ab sent and Ms is pres ent with 
Cal + Dol + Qtz, sug gest ing a lower pres sure range of 0.3–0.35
GPa. The P–T con di tions of phlogopite-bear ing as sem blages
were ex per i men tally de ter mined by Puhan and Johannes (1974)
and Puhan (1978), based on the re ac tion 3Dol + Kfs + H2O = Phl 
+ 3Cal + 3CO2 which gives pres sures rang ing from 0.4 to 0.6
GPa at 400–650°C with X CO 2

0–1.

CALCITE-DOLOMITE SOLVUS GEOTHERMOMETRY 

The chem i cal com po si tion of the end-mem ber car bon ate
com po nents of meta mor phic cal cites, co ex ist ing with dolomites,
were cal cu lated to mo lar frac tions X CaCO 3

, X MgCO 3
and X FeCO 3

.
For the cal cu la tion of recrystallization con di tions (Ta ble 6), the
solvus cal i bra tions of Anovitz and Essene (1987) and
McSwiggen (1993) were used. A tem per a ture vari a tion of
±50°C is as sumed for the Anovitz and Essene (1987) cal cu la -
tion. The X MgCO 3

in cal cite is the most tem per a ture-de pend ent
pa ram e ter and is the high est in the DP sam ples (Ta ble 2).
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Fig. 5. Back-scat tered elec tron (BSE) im ages of cal cite and do lo mite in metacarbonates

A –  sam ple DP-2, B – sam ple DP-16, C – sam ple PLD-2, D – sam ple TU-1, E – sam ple TU-4, F – sam ple TU-7, ana lysed points 
are in white; Mag – mag ne tite; other ex pla na tions as in Fig ures 3 and 4



The recrystallization tem per a tures of cal cite in the TU
sam ples range from 354 to 416°C at the pres sures from 0.3 to
0.35 GPa. A slight in crease in tem per a ture (405–471°C) is
shown at pres sures from 0.3 to 0.4 GPa, from the PLD sam -
ples. The high est tem per a tures, rang ing from 460 to 476°C
are from the DP sam ples at pres sures rang ing from 0.4 to
0.5 GPa (Ta ble 6 and Fig. 8). 

FELDSPAR SOLVUS GEOTHERMOMETRY

The Ab–Or min eral pair ex ists only in the DP
metacarbonates, so this method was used just for this sam ple
(Fig. 7D–F). A tem per a ture in ter val of feld spar
recrystallization that ranged from 329 to 453°C at pres sures of
0.4–0.5 GPa was ob tained by ap pli ca tion of SOLVCALC vers.
2.0 (Ta ble 6 and Fig. 9). 

CHEMOGRAPHIC RELATIONS IN THE KCMAS-HC SYSTEM

The chemographic com po si tion of the DP metacarbonate
sam ples is shown in ter nary di a grams (Fig. 10). 

Phase re la tions in the min eral as sem blages Cal + Dol + Qtz
+ Ms (Phg) + Phl + Kfs + Ab were graph i cally in ter preted in the 
KCMAS-HC (K2O-CaO-MgO-Al2O3-SiO2-H2O-CO2) sys tem
rec om mended by Bucher and Frey (2002) for metacarbonates,
which can not be chem i cally de ter mined in CMS-HC
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Fig. 6. Mg-Li vs. Fe-Al com po si tion di a gram of di-octaedric K-micas
in metacarbonates from the Dobšiná Brook val ley (DP), Plaèkova

val ley (PLD) and Tuhár (TU) af ter Tischendorf et al. (2004)

Micas rep re sent two groups. The first falls within the mus co vite field in
tran si tion to the phengite field and the sec ond to wards to the phlogopite

field; Ann – annite, Pol – polylithionite, other ex pla na tions as in Fig ure 3

Sample DP-7 DP-7 DP-16 DP-17 PLD-1 PLD-2 TU-2 TU-4 TU-8

Phase Ms
(Phg) Phl Ms

(Phg)
Ms

(Phg) Ms Ms Ms Ms Ms

 Val ues [wt.%]

SiO2 49.31    44.54    50.13    49.94    48.68    48.77    47.78    52.15    49.02    

Al2O3 31.34    11.72    28.69    28.66    31.37    31.92    34.24    26.62    31.26    

TiO2 0.72  0.05  0.69  0.90  0.19  0.17  0.31  0.16  0.44  

MgO 2.41  27.39    3.66  3.65  2.61  2.09  1.05  4.74  2.19  

FeO 0.01  0.00  0.00  0.05  0.93  0.69  1.59  0.21  1.46  

MnO 0.02  0.01  0.02  0.00  0.00  0.00  0.01  0.03  0.02  

CaO 0.06  0.08  0.06  0.03  0.00  0.01  0.24  0.27  0.34  

Na2O 0.21  0.12  0.09  0.15  0.33  0.44  0.97  0.08  0.41  

K2O 11.12    10.74    11.21    11.07    10.43    10.23    9.44  11.08    10.10    

To tal 95.04    94.66    94.55    94.45    94.54    94.33    95.62    95.35    95.24    

 For mula nor mal iza tion to 11 oxygens

Si 3.266 3.105 3.279 3.278 3.209 3.219 3.153 3.449 3.255

Aliv 0.734 0.895 0.721 0.722 0.791 0.781 0.847 0.551 0.745

Alvi 1.712 0.068 1.490 1.495 1.646 1.703 1.816 1.523 1.700

Ti 0.036 0.003 0.034 0.045 0.009 0.008 0.015 0.008 0.022

Mg 0.238 2.846 0.357 0.357 0.256 0.206 0.103 0.467 0.216

Fe2+ 0.000 0.000 0.000 0.003 0.051 0.038 0.087 0.012 0.081

Mn 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.002 0.001

Ca 0.005 0.006 0.004 0.002 0.000 0.001 0.017 0.019 0.024

Na 0.027 0.017 0.012 0.019 0.043 0.057 0.124 0.011 0.053

K 0.939 0.955 0.935 0.927 0.877 0.861 0.795 0.934 0.856

Ms (Phg) – mus co vite (phengite), other ex pla na tions as in Fig ure 3

T a  b l e  4

Microprobe anal y ses of micas in metacarbonates from the Dobšiná Brook val ley (DP), 
Plaèkova val ley (PLD) and Tuhár (TU)
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Sam ple DP-1 DP-1 DP-1 DP-1 DP-2 DP-2 DP-8 DP-8 

Phase Ab Or Ab Or Ab Or Ab Or

 Val ues [wt.%]

SiO2 68.53    65.39    67.83    64.34    69.22    65.05    68.90    64.68    

Al2O3 19.61    18.58    20.02    18.41    19.29    18.28    19.54    18.26    

FeO 0.00  0.00  0.01  0.00  0.03  0.11  0.05  0.03  

CaO 0.57  0.13  1.18  0.12  0.08  0.01  0.52  0.23  

Na2O 11.73    0.70  11.21    0.72  11.21    0.24  11.19    0.65  

K2O 0.13  15.51    0.15  15.42    0.15  15.62    0.14  15.19    

To tal 100.57      100.32  100.40      99.02    99.98    99.32    100.34      99.05    

 For mula nor mal iza tion to 8 oxygens

Si4+ 2.983 3.000 2.961 2.994 3.016 3.013 2.997 3.004

Al3+ 1.006 1.005 1.030 1.010 0.991 0.998 1.002 1.000

Fe2+ 0.000 0.000 0.000 0.000 0.001 0.004 0.002 0.001

Ca2+ 0.026 0.007 0.055 0.006 0.004 0.001 0.024 0.011

Na+ 0.990 0.062 0.949 0.065 0.947 0.022 0.944 0.059

K+ 0.007 0.908 0.008 0.916 0.008 0.923 0.008 0.900

To tal 5.012 4.982 5.003 4.991 4.967 4.961 4.978 4.975

An 5.02  1.34  10.33    1.22  0.75  0.15  4.82  2.31  

Ab 94.28    6.34  88.91    6.57  98.40    2.32  94.40    5.99  

Or 0.70  92.32    0.76  92.21    0.85  97.53    0.79  91.70    

Or – orthoclase, other ex pla na tions as in Fig ure 3

T a  b l e  5

Microprobe anal y ses of feld spars in metacarbonates from the Dobšiná Brook val ley (DP)

Sam ple DP DP DP DP PLD PLD PLD PLD TU TU TU

Geobarometer
pres sure (GPa)

Phg (M & S) 

– 0.4 0.45 0.5 – 0.3 0.35 0.4 – 0.3 0.35

Geothermometer Cal–Dol 
(A & E)

Cal–Dol
(McS)

Cal–Dol
(McS)

Cal–Dol
(McS)

Cal–Dol
(A & E)

Cal–Dol
(McS)

Cal–Dol
(McS)

Cal–Dol
(McS)

Cal–Dol
(A & E)

Cal–Dol
(McS)

Cal–Dol
(McS)

Tem per a ture [°C]

Tmin. 327 384 392 400 311 405 413 421 306 354 362

Tmax. 418 460 468 476 374 455 463 471 365 409 416

Tav er age 374 421 429 437 345 433 441 449 335 381 389

Stan dard 
de vi a tion 28 24 24 24 17 13 13 13 17 14 14

Geothermometer Tem per a ture
[°C]

Pres sure (GPa)

SOLVCALC 0.4 0.45 0.5

Kfs–Ab (N & B)

Tmin. 378 379 385

Tmax. 404 447 453

Tav er age 391 409 414

Kfs–Ab (E & G)

Tmin. 339 392 362

Tmax. 390 416 446

Tav er age 367 401 411

Kfs–Ab (L & N)

Tmin. 356 334 390

Tmax. 375 400 395

Tav er age 367 374 392

Kfs–Ab (F & L)

Tmin. 342 329 353

Tmax. 393 417 404
A & E – Anovitz and Essene (1987), E & G – Elkins and Grove (1990), F & L
– Fuhrman and Lindsley (1988), L & N – Lindsley and Nekvasil (1989), 
McS – McSwiggen (1993), M & S – Massone and Schreyer (1987), N & B –
Nekvasil and Burnham (1987); ex pla na tions as in Fig ures 3 and 4

Tav er age 374 372 379

Stan dard 
de vi a tion 10–15 17–27 15–25

T a  b l e  6

Cal cu lated P–T con di tions of meta mor phism of metacarbonates from the Dobšiná Brook val ley (DP), Plaèkova val ley (PLD) and Tuhár (TU)



(CaO-MgO-SiO2-H2O-CO2) sys tem. In the ter nary
K2O-CaO-MgO chemographic pro jec tion three sta bil ity fields
have been re cog nized, rep re sent ing sta ble min eral as sem -
blages: (1) Kfs + Cal + Dol, (2) Kfs + Dol + Phl and (3) Phl +
Dol + Mgs at a pres sure of 0.4 GPa.

The sta bil ity of phlogopite is main tained in grey fields in
the tri an gle (Fig. 10).  A tem per a ture of 447°C is con sid ered as
rep re sent ing tran si tion con di tions, where the new sta ble Kfs +
Cal + Phl as sem blage is trans formed from the ini tial min eral as -
sem blage (Kfs + Cal + Dol). Micas and feld spars are the most
im por tant sil i cate min er als pres ent in metacarbonate min eral
as sem blages of the south ern Veporicum Föderata Group.

Phlogopite-form ing re ac tions in cluded do lo mite as an es sen tial 
source of the mag ne sium com po nent. The bulk po tas sium con -
cen tra tion in the pri mary protolith en abled the pro gres sive
K-feld spar and phlogopite-form ing re ac tion.

Low val ues of the mole frac tion of CO2 (X CO 2
~0.15) in

the DP metacarbonate as sem blages (Fig. 10) is sug gested by
the ab sence of tremolite, di op side, wollastonite and other
min er als, which are com monly formed by de car boni sa tion re -
ac tions  at higher X CO 2

val ues. Low val ues of X CO 2
were also

in di cated by the cal cu lated phase re la tions on the iso baric T–
X CO 2

di a gram (Fig. 11).
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Fig. 7. Back-scat tered elec tron (BSE) im ages of mus co vite/phengite, phlogopite, K-feld spar and al bite in metacarbonates,
metamorphic K-feld spar and al bite co ex ist in metacarbonates from the Dobšiná Brook val ley

A – sam ple DP-7; B – sam ple DP-17; C – sam ple TU-4; D, E – sam ple DP-2; F – sam ple DP-8; ex pla na tions as in Fig ures 3–5 and Ta ble 4
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Fig. 8. His to grams of cal cite-do lo mite geothermometry cal cu lated us ing the cal i bra tions

A – Anovitz and Essene (1987), B – McSwiggen (1993)

Fig. 9. Ter nary phase di a grams of feld spar
com piled in SOLVCALC vers. 2.0

 (Wen and Nekvasil, 1994)

The seg ments mark lin ear rep re sen ta tions of
feld spar com po si tion at spec i fied tem per a ture
(T1-4) and pres sure (P = 0.4–0.5 GPa) con di -
tions; An – an or thite, other ex pla na tions as in
Fig ure 3 and Ta ble 4



T–X CO2
PHASE DIAGRAM

We as sume el e ment and fluid mi gra tion took place dur ing
meta mor phism in the car bon ates. The pres ence of meta mor -
phic H2O-CO2 flu ids with (X H O2

~0.9) in flu enced the meta -
mor phic min er al og i cal changes dur ing recrystallization of the
car bon ates, as so ci ated with white micas form ing, with a pre -
vail ing phengite com po si tion. 

The min eral as sem blage Bt + Phg + Dol + Cal + Kfs + Qtz fits
in a divariant sta bil ity field (Fig. 11) and cor re sponds with the
min eral as sem blage of the DP metacarbonates, at tem per a tures of
approx. 410°C, X CO 2

~0.1 and at 440°C, X CO 2
~0.2, and at

460°C, X CO 2
~ 0.3 re spec tively at con stant pres sure of 0.4 GPa. 

P–T PSEUDOSECTION DIAGRAM
 IN THE KCFMAS-HC SYSTEM

P–T pseudosection di a grams of metacarbonates for sam ples
DP-1, DP-9, DP-17 and PLD-3 (Fig. 12) were mod elled us ing
the PERPLEX_07 pro gram (Con nolly, 2007). Pseudosections
were formed in KCFMAS-HC (K2O-CaO-FeO-MnO-Al2O3-
 SiO2-H2O-CO2) sys tem from the whole-rock chem i cal anal y ses
of metacarbonates. The ther mo dy namic da ta base (Hol land and
Powell, 1998, re vised, 2002) was used for mod el ling of sta ble
min eral as sem blages in the metacarbonates.

The sta ble min eral as sem blages shown in the
pseudosection di a grams show the im por tance of fluid com po si -
tion on min eral as sem blages dur ing low-grade meta mor phism.
In the cal cu la tion of pseudosection so lu tion mod els for do lo -
mite and cal cite (Anovitz and Essene, 1987), phengite (Hol land 
and Powell, 1990), bi o tite (Hol land and Powell, 1998) and
plagioclase – K-feld spar (Fuhrman and Lindsley, 1988) were
used. A sim pli fied metacarbonate bulk com po si tion is shown in 
the pseudosections, con tain ing lin early ar ranged sta ble min eral
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Fig. 10. Com po si tion di a gram of the KCMAS-HC sys tem, the X CO2
value is 0.15 at 0.4 GPa

A – the phase di a gram rep re sents the tem per a ture sta bil ity of phlogopite at 444°C, B – sta ble min eral 
as sem blage with phlogopite at 447°C; Mgs – magnesite, other ex pla na tions as in Fig ures 3 and 4

Fig. 11. T–X CO2
 phase di a gram of metacarbonate rock from DP is rep -

re sented by divariant fields (white) and trivariant fields (grey) of sta ble
min eral as sem blage. Pro gram PERPLEX_07 mod el ling de ter mined
nine sta ble min eral as sem blages in the tem per a ture range of  400–460°C 
and X CO2

in ter val 0–0.5 at a con stant pres sure of 0.4 GPa

Bt – bi o tite, Clc – clinochlore, Tlc – talc, other ex pla na tions as in Fig -
ures 3, 4 and Ta ble 4



as sem blages, grouped into di-, tri- and tetravariant fields. In the 
pseudosection di a grams, five min eral phases (Phg, Dol, Cal,
Kfs, Qtz) are gen er ally pres ent in the trivariant sta bil ity fields
(light grey).

Divariant sta bil ity fields (white) with six min eral phases
(Bt, Phg, Kfs, Dol,Cal, Qtz) are not com mon in di a grams
(Fig. 12). A tetravariant sta bil ity field (dark grey) rep re sents
four min eral phases (Phg, Dol, Cal, Qtz) in the DP-9 sam ple
(Fig. 12B). All mod elled com bi na tions of the sta ble min eral as -
sem blages are shown in pseudosection di a grams for 0.4 to
0.5 GPa for the DP sam ples and from 0.3 to 0.4 GPa for the

PLD sam ples, with tem per a ture in ter vals from 370 to 470°C
(Fig. 12). These are first data of this type for the Slo vak part of
the West ern Carpathians.

The phengite Si-iso pleths, that are sta ble in the divariant- and 
trivariant fields of the pseudosection di a gram, were de ter mined
from the chem i cal com po si tion of sam ples DP-1, DP-9, DP-17
and PLD-3. The steep pos i tive slopes of the phengite Si-iso -
pleths in the pseudosections (Fig. 12) do not al low a pres sure es -
ti mate for these as sem blages. Our re sults sug gest that the
phengite Si-con tent of the white mica in the min eral as sem blage
de pends on the chem i cal com po si tion of the metacarbonates.

22 Peter Ružièka, Anna Vozárová, Martin Michálek and Marian Dyda

Fig. 12. Composition pseudosections of the metacarbonates cal cu lated in the KCFMAS-HC sys tem from the bulk rock com po si tions 
of sam ples from the Dobšiná Brook val ley (DP) and Plaèkova val ley (PLD)

 A – sam ple DP-1, B – sam ple DP-9, C – sam ple DP-17, D – sam ple PLD-3, black lines rep re sent the cal cu lated Si-isopleth; 
other ex pla na tions as in Fig ures 3, 4, 11 and Ta ble 4



DISCUSSION 

Vrána (1966, 1980) stud ied Al pine meta mor phic pro cesses
of the Veporicum granitoids and siliciclastic metasedimentary 
rocks of the Föderata Group. Com par i sons (Vrána, 1965) were
made among the dark grey fo li ated cal cite and do lo mite mar -
bles with siliciclastic metasedimentary  rocks in the mid dle part
of the Veporicum, south of the Zbojská sad dle. Based on in dex
min er als, Bt + Chl, he de ter mined the grade of the Al pine meta -
mor phism of the south ern Veporicum Me so zoic cover in
greenschist fa cies con di tions. 

The low-grade meta mor phism in Tri as sic ar gil la ceous
schists and clayey lime stones of the Föderata Group were de -
scribed by Plašienka et al. (1989). The tem per a ture was de ter -
mined by a Kübler’s in dex in the range of 300–350°C at a fluid
pres sure at 0.2–0.3 GPa. Vozárová (1990) sum ma rized the
meta mor phic con di tions in the Gemericum and Veporicum
con tact zone. Based on the ex is tence of the in dex min er als
Cld + Ky, Vozárová (1990) sug gested tem per a tures of meta -
mor phism of  400–450°C, which cor re spond to greenschist fa -
cies con di tions, at pres sures of 0.4–0.6 GPa and sug gested a
geo ther mal gra di ent of around 10–15°C/km. Korikovsky et al.
(1992) de ter mined the tem per a ture of anchimetamorphism of
Perm ian sand stones of the Struženík (Föderata) Group to be
approx. 200–300°C. 

For de ter mi na tion of geothermobarometric con di tions of
the Al pine meta mor phism, Mazzoli et al. (1992) used sam ples
of Lower Tri as sic metapelites from the lo cal i ties of Pohronská
Polhora and Divín, which are interlayered with quarzites. The
meta mor phic min eral as sem blage is formed by Qtz + Ms ± Chl
(chlorite) ± Ep (epidote) ± Ab. Based on the b0 pa ram e ter of
white micas, the pres sure of the Al pine recrystallization was
de ter mined to be 0.12 GPa and the tem per a ture was es ti mated
to be 350–400°C at a geo ther mal gra di ent of 10°C/km. 

Korikovsky et al. (1997) pub lished microprobe anal y ses of
car bon ate min er als and micas from the Dobšiná Brook val ley
metacarbonates. The min eral as sem blage Cal + Dol + Phl +
Phg ± Qtz ± Ab of do lo mite mar bles from the Dobšiná Brook
val ley is typ i cal of low-grade greenschist fa cies con di tions
within the tem per a ture range of 350–380°C. The MgO con tent
in cal cites (0.93–1.17 wt.%) ana lysed by Korikovsky (op. cit.)
are al most iden ti cal with the anal y ses given in Ta ble 2. The
MgO con tents in the phlogopite stud ied (Ta ble 4) are higher
than the data given by Korikovsky et al. (1997), where the mea -
sured val ues range from 15.67 to 25.86 wt.%. Cal cu lated Si
con tents in phengite on the ba sis of 11 oxygens (3.17–3.27),
pub lished by Korikovsky et al. (1997), are lower than our data
in Ta ble 4. Thus, the max i mum pres sure given by Korikovsky
et al. (1997) ranges from 0.8–0.9 GPa. These data point to a
sig nif i cantly higher meta mor phic pres sures than given in our
cal cu la tions (0.4–0.5 GPa). Our pres sure es ti mates match
better the struc tural-de for ma tion con cept of Plašienka (1999)
char ac ter ized by low-pres sures of up to 0.6 GPa.

The chem i cal com po si tion of newly formed micas and
K-feld spars from the Dobšiná Brook val ley were pub lished by
Lupták et al. (2003). Most of the anal y ses were based on sam -
ples of quarzites with in ter me di ate lay ers en riched by
metapelites. These Ms (Phg) data are very sim i lar to our data
from metacarbonates given in Ta ble 4. Lupták et al. (2003)

iden ti fied, in metacarbonates, the fol low ing min eral as sem -
blage: Cal + Dol + Qtz + Ms (Phg) + Kfs ± Chl. For the de ter -
mi na tion of meta mor phic P–T con di tions, Kübler’s in dex (KI)
of illite was used in com bi na tion with chlorite geothermometry
(Lupták et al., 2003). Based on illite KI val ues,
metasedimentary rocks of the Föderata Group at tained the de -
gree of meta mor pho sis at the bound ary be tween the anchizone
and the be gin ning of greenschist fa cies. Cal cu lated tem per a -
tures by chlorite geothermometers (Cathelineau, 1988; Jowett,
1991 in Lupták et al., 2003) gave higher val ues. The meta mor -
phic pres sures were de ter mined to be 0.4–0.45 GPa at tem per a -
tures around ~380°C, cal cu lated from the in ter sec tion of
chlorite geothermometers us ing of the pro gram
THERMOCALC vers. 3.1 (Powell and Hol land, 1988) and the
meta mor phic re ac tion 3Cel = Phl + 2Kfs + 3Qtz + 2H2O from
metapelite en riched by Kfs + Bt (Lupták et al., 2003). These
data are ap prox i mately con sis tent with our P–T data ob tained
from metacarbonates.

The P–T con di tions of the Al pine re gional recrystallization
of metacarbonates are partly dif fer ent from the re sults of
Lupták et al. (2003). The tem per a ture range of 335–380°C at
pres sure 0.4–0.45 GPa given by Lupták et al. (2003) can be
com pared with the re sults of metacarbonate recrystallization
given by cal cite-do lo mite solvus geothermometry (384–400°C
at pres sure 0.4–0.5 GPa) and feld spar geothermometry
(329–392°C at pres sure 0.45 GPa) as given in Ta ble 6. The
min i mal tem per a ture of cal cite recrystallization is con sis tent
with Lupták’s data at an ap prox i mate tem per a ture of 380°C.
The max i mum tem per a ture cal cu lated from feld spar co ex is -
tence at 390°C partly cor re sponds to Lupták et al. (2003). The
metacarbonate recrystallization tem per a ture re flects the Al pine
re gional meta mor phic max i mum of the south ern Veporicum
Me so zoic cover, cul mi nat ing in P–T con di tions of 453°C
(TOr–Ab) and 476°C (TCal–Dol) a pres sure of 0.5 GPa.

Ružièka and Vozárová (2009) ap plied the cal cite-do lo mite
solvus geothermometry to as sess the de gree of Tuhár mar ble
meta mor phic recrystallization (Ta ble 6). The meta mor phic car -
bon ate recrystallization oc curred in con di tions of greenschist fa -
cies in the sta bil ity field of kyan ite. The metacarbonate sam ple
DP-7 is con sid ered to be an ex cep tion, since phengite
geobarometry and solvus geothermometry sug gest tem per a tures
rang ing from 440–460°C at pres sures of 0.4–0.5 GPa (Fig. 13).

CONCLUSIONS 

Re search into the Föderata Group metacarbonates from the
south ern Veporicum cover se quence en hances un der stand ing of
meta mor phic evo lu tion dur ing Cre ta ceous oro gen esis.
Geothermobarometry com bined with mi cro scopic, elec tron-op -
ti cal meth ods and whole-rock chem i cal anal y ses were used for
as sess ment of meta mor phic P–T con di tions. The de ter mi na tion
of Al pine meta mor phic P–T con di tions in the south ern
Veporicum Unit is prob lem atic, be cause it is dom i nantly formed
by recrystalized suc ces sions, in which is dif fi cult to dis tin guish
par tic u lar min eral as sem blages. The re gional meta mor phism of
Veporicum oc curred dur ing a col li sion event that re sulted in
thick en ing of crust dur ing the Cre ta ceous. The pre-Al pine base -
ment to gether with its Late Pa leo zoic and Me so zoic cover suc -
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ces sions were sub jected to re gional meta mor phic events (e.g.,
Plašienka, 1999 and ref er ences therein). 

The metacarbonates stud ied were formed from the car bon -
ate protolith of the Steinalm, Wetterstein, Ramin and
Gutenstein lime stones fa cies at low-tem per a ture and low-pres -
sure con di tions of the greenschist fa cies dur ing Al pine re gional 
meta mor phism. The fol low ing meta mor phic min eral as sem -
blages have been iden ti fied:

1. DP sam ples: Cal + Dol + Qtz + Ms (Phg) + Phl + Kfs + Ab,
2. PLD sam ples: Cal + Dol + Qtz + Ms (Phg) ± Phl,
3. TU sam ples: Cal + Dol + Qtz ± Ms (Phg). 
The meta mor phic pres sure con di tions of the

metacarbonates were de ter mined by phengite geobarometry,
based on microprobe anal y ses of white mica. Pres sures range
thus from 0.3 to 0.5 GPa. Tem per a tures of the cal cite
recrystallization were de ter mined from cal cite-do lo mite solvus
geothermometry us ing the cal i bra tion equa tions T1 and T2 of

Anovitz and Essene, (1987) and McSwiggen, (1993). The
results are:

1. DP sam ples: T1 = 327–418°C ±28°C; T2 = 384–476°C
±24°C at P = 0.4–0.5 GPa, 

2. PLD sam ples: T1 = 311–374°C ±17°C; T2 = 405–471°C
±13°C at P = 0.3–0.4 GPa,

3. TU sam ples: T1 = 306–365°C ±17°C; T2 = 354–416°C
±14°C at P = 0.3–0.35 GPa. 

The tem per a ture data based on feld spar geothermometry
for the Dobšiná Brook val ley metacarbonates ranges from 329
to 453°C at pres sures of 0.4–0.5 GPa. The lim its of the sta bil ity
field of phlogopite + cal cite in the KCMAS-HS sys tem gave a
tem per a ture in ter val of 444–447°C at a pres sure of 0.4 GPa
(Fig. 7). The meta mor phic re ac tion 3Dol + Kfs + H2O = Phl +
3Cal + 3CO2 gave for sam ple DP-7 a pres sure of  0.4 to 0.5 GPa 
over a tem per a ture range of 440–460°C (Fig. 13).

The fol low ing fac tors con trib ute to the di ver sity of the P–T
grade in the metacarbonates within the Föderata Group sed i -
men tary se quence dur ing Cre ta ceous oro gen esis in the south -
ern Veporicum Unit: 

1. Vari able meta mor phic min eral as sem blages, within par -
tic u lar metacarbonate lo cal i ties, be long to the same
lithostratigraphic unit. Phlogopite and meta mor phic K-feld spar 
along with plagioclase were iden ti fied in the DP sam ples
(Fig. 7D–F). Rel ict phlogopite was partly pres ent in sec ond ary
kaolinite ma trix in the PLD sam ples, while feld spars were ab -
sent. Phlogopite and feld spars are com pletely ab sent from the
TU sam ples. 

2. Dif fer ences in chem i cal com po si tion of meta mor phic
cal cites (the high est val ues of X MgCO 3

were de tected in the DP
sam ples, Ta ble 2) cor re spond to cal cu lated recrystallization
tem per a tures us ing cal i brated geothermometers. Dif fer ent
pres sure-tem per a ture ef fects caused the dif fer ent struc tural ar -
range ments of cal cite ag gre gates. 

3. The in ten sity of meta mor phic recrystallization pro cesses
was con trolled by the re la tion be tween the depth of tec tonic
burial and the dis tance from the Veporicum and Gemericum
con tact zone. Due to these ef fects, the metacarbonates from the
Dobšiná Brook val ley, sit u ated close to the Veporicum and
Gemericum con tact zone, show the high est meta mor phic grade
in metacarbonates. The in ten sity of the meta mor phic
recrystallization shows a de creas ing trend to wards the south -
west part of the south ern Veporicum Unit.
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Fig. 13. P–T di a gram show ing the univariant re ac tion lim it ing 
the sta bil ity of phlogopite + cal cite

The grey field cross ing the tem per a ture axis at 440–460°C rep re sents the
range of pres sure of the cal cu lated P–T con di tions for cal cite and do lo mite
recrystalization. The field of the greenschist fa cies is af ter Win ter (2001),
show ing the cal cite-do lo mite recrystalization tem per a tures ac cord ing to
(McSwiggen, 1993), axis feld spars recrystalization tem per a tures cal cu -
lated by SOLVCALC vers. 2.0 (Wen and Nekvasil, 1994). The seg ments
rep re sent the tem per a ture recrystallization range of metacarbonates from
the Föderata Group in the south Veporicum Unit. And – an da lu site, Ky –
kyan ite, Sil – sillimanite, other ex pla na tions as in Fig ures 3 and 4
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