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Metamorphic Development of Skarns at Pernstejn,
Svratka Crystalline Complex, Bohemian Massif

Metamorfni vyvoj skarnii na lokalité PernStejn, svratecké krystalinikum,
Cesky masiv (Czech summary)

(9 text-figs.)
JAROSLAVA PERTOLDOVA'- ZDENEK PERTOLD?~ MARTA PUDILOVA®

'Czech Geological Survey, Kldrov 3, Prague I, 118 21, Czech Republic
nstitute of Geochemistry, Mineralogy and Mineral Resources, Charles University, Albertov 6, Prague 2, 128 43, Czech Republic

A study was carried out at Perndtejn (Svratka Crystalline Complex, Bohemian Massif) of the geological and metamorphic development of
skarns in relation to the surrounding paraseries, orthogneisses and migmatites, from the standpoint of the geological structure, mineral
association, mineral chemism, geothermometry, REE and oxygen isotopes. From a lithological and mineralogical point of view, the skarns
form nonhomogeneous lenses, whose deformation is more complex than in the surrounding paraseries. The temperatures of formation of
garnet-clinopyroxene-magnetite paragenesis of the skarns, 620 °C (710 °C) or 670 °C (640 °C), determined on the basis of the distribution of
the major elements and oxygen isotopes amongst the coexisting phases, correspond to the conditions of peak metamorphism in the amphibolite
facies. The rocks of the paraseries were metamorphosed under the same conditions, while the migmatites and metagranitoids exhibit lower
temperatures 550-600 °C. The isotopic composition of oxygen in the skarn silicates is contradictory to concepts of contact metasomatic
formation of skarns, connected with metagranitoids and migmatites. Oxygen also probably did not originate from the metamorphic solutions,
which were in equilibrium with the paraseries. The REE distribution indicates the presence of solutions of a reducing nature and/or of high
temperatures. It is our opinion that the precursors of the skarns were present in the paraseries from the very beginning, were metamorphosed

together with gneisses and were probably formed in a sedimentary exhalative environment.

Key words: skarn, metamorphism, geothermometry, oxygen and carbon isotopes, REE

Introduction

Occurrences of skarns have been studied in the crystalli-
ne complex units of the Bohemian Massif by a great
many authors, but opinions on their genesis continue to
differ. Koutek (1950), Zemdnek (1959), Némec (1973,
1979, etc.), Zacek (1997) describe the formation of skarn
paragenesis by metasomatic replacement of limestones
associated with intrusive rocks (orthogneisses, migmati-
tes). Novotny (1954) explained the formation of skarns
through the infiltration metasomatic effects of Fe and Ca
enriched solutions on the surrounding paraseries. These
opinions presuppose an open system with input of a num-
ber of components in hydrothermal solutions.

The formation of skarns in a closed system, i.e. regio-
nal metamorphism of rocks that were part of the parase-
ries (sedimentary or exhalative sedimentary horizons en-
riched in Fe, Ca and possibly further elements) has been
favoured, e.g. by Zoubek (1946), Pertold — Pouba (1982),
Pertold — Suk (1986), Suk (1974), Pertoldova (1986) and
Pertoldovi et al. (1987). The mineral composition of skarns
would then correspond to the metamorphosed sediments
or exhalatites (Kotkovd 1991 suggests volcano-sedimentary
rocks). In addition, this possibility would presume the es-
tablishment of thermodynamic equilibrium amongst the
minerals, and only limited movement of chemical compo-
nents between the individual lithological layers.

The Pernstejn skarns provided suitable conditions for
study of this subject through their lithological variability
and easy access in two small quarries. Part of the data
was taken from the works of Pertoldova (1986) and Per-

toldov4 et al. (1987), while part was obtained through the
work financed by grants from the Grant Agency of the
Czech Republic, No. 205/94/0925, and from the Grant
Agency of Charles University, No. 274/97/B GEO.

Geology of the area

The Pernstejn skarns are located in the south-western part
of the Svratka Crystalline complex, in the Pernitejn mica
schist zone (Misaf et al. 1983), in an area with very vari-
ed geological structure. It is characterized by alternation
of parallel to subparallel bands of mica schists, mica-schist
gneisses, banded biotite-muscovite gneisses to migmatites,
orthogneisses, biotite gneisses (+ garnet, muscovite) with
intercalations of skarns, amphibolites, quartzites, tourma-
line quartzites and crystalline limestones. The rock bands
strike predominantly in the north-south direction and the-
ir thickness varies from tens of metres to 1 km. The thick-
ness of the intercalations of skarns, amphibolites etc. is
several metres to tens of metres. A simplified scheme of
the geological situation is depicted in Fig. 1.

The detailed geological position of the skarn body was
studied in a skarn quarry, which is located about 800 m
to the west of Pernstejn castle (Fig. 2).

The varied association of skarn types in the hanging
wall part of the quarry includes garnet-anthophyllite
schist, garnet quartzite with amphibole, coarse-grained
garnetite and quartz-garnet skarn. These rocks are rimed
by biotite gneisses and garnet-biotite schist.

The skarn lens is not a homogeneous body. A magne-
tite skarn layer occurs in the footwall of the quartz-gar-
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Fig. 1. Geological map of the Pernitejn area after Pertoldové (1986).
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net skarn with garnetite rims. The most frequent skarn
type is garnet-pyroxene skarn (+ magnetite), which pas-
ses into pyroxene skarns, pyroxene skarns with magneti-
te and garnet-amphibole skarns. Coarse-grained friable
garnetite with biotite is a characteristic rock body cros-
sing the skarn. This is a highly weathered rock that, in
its geological position, probably follows a younger me-
tamorphic structure within the framework of the skarn
lens.

The simple monoclinal structure of the mica-schists
and gneisses affected by shear deformation is different
from the relatively complicated fold structure of more

Table 1. Representative chemical composition of garnets

competent skarns, in which the older fold structure was
retained (Fig. 3).

Mineral composition and metamorphic development
of the skarns and the surrounding paraseries

Chemical analysis of the minerals was carried out in the
laboratories of the Czech Geological Survey in Prague
using a LINK eXL ED analyzer system and a CamScan
4 electron microscope, with an acceleration voltage of
15 kV and sample current of 3.5 nA. The data were re-
calculated using the MINPET (Richard 1997) and MIN-
CALC (Melin and Kunst 1992) pro-

grams.
The determined metamorphic associa-

tions indicate complicated metamorphic

Sample 22/94 32/94 P16 PB8 P71 P71 P54 P54
Analysis 68s 55 1P16  6P68  21P71  16P71  22P54  23P54 development of the rocks and represent
Location Pemslejn Pemslejn Pemstejn Pemstejn Pemste] j
s “;‘;"”“ e e e P"';;r""“ P"T’;“”” Pemstein | probably a consequence of two metamor-
e, 356  37.80  37.76  37.51 3445 3308 3760 3828 phic phases. Disequilibrium mineral asso-

i 0.00 0.00 0.13 0.20 0.06 0.17 0.16 0.18 e 2

ALO, g o0 B 2095 e dve 19.52 19.46 ciation was found in some cases.

FeO calc 17.07 21.93 18.47 22.37 1.62 1.87 20.86 23.90

Fe,0, calc 6.66 272 2.02 1.30 29.04 29.38 1.91 1.20

MnO 8.33 3.42 513 5.21 2.16 2.83 5.69 4.13 Skarns

MgO 0.41 1.97 0.37 1.16 0.09 0.11 1.39 1.65

CaO 13.711 12.85 16.41 11.99 29.11 27.17 12.56 11.70

Total 10030 9998 10020 10009 10069 9941 9968  100.50 The older metamorphic association in
TSi 2.9 3.02 3.00 2.99 2.88 281 3.01 3.04 : :

iy e e o o o0 At ot ecend skarns consists of garnet, clinopyroxene,
SumT 3.00 3.02 3.00 3.00 3.00 3.00 3.01 3.04 magnetite and, in the upper part of the
A 1.63 1.80 1.86 1.90 0.29 0.29 1.84 1.82 "

Fe? a1 0.46 i 0.08 183 188 0.4 o007 skarn body, also quartz. The chemism of
;m g-ﬁ ?-g ?-g; ?-g; g-?g g?; ?g; 23; the garnet corresponds to andradite-gro-
Fe 1.16 1.46 1.23 1.49 0.1 0.13 140 159 ssular-almandine composition, the pyro-
Eﬁ 3'05,5 g-:: g-g; g;; g?; gg; g-;; g-:g pe component does not exceed 5 mol%.
Ca 1.19 1.10 1.40 1.02 2.61 2.47 1.08 1.00 The relative contents of Fe?*, Mn, Fe**
SumB 2.96 3.02 3.01 3.01 2.88 2.82 3.03 3.06 : : 2 Ases : :
St = e T G o 5 5 =55 and Ca differ in th_e individual lithologi-
2‘ 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 cal skarn layers, Fig. 4 and Tab. 1.

m 39 8 a 50 ] 5 6 52 ;
And 20 g s 4 % 8 6 4 A younger garnet phase was found in
E;‘::e ) 4 b 3: 4 1 3: 239 sample 32/94, with a different chemical
Spess 19 8 1 12 5 ; 13 9 composition (the Gros component is in-

22/94 garcpx skam PE&8 gar-cpx skam

32/94 garcpx skam
P16 garcpx skam

Fig. 4. Chemical composition of garnet in
ternary plot  Alm+Spes-Andr-Gros
(mol%) from Pernitejn. Sample numbers
are indicated.

Alm+Spes

P71 gar-cpx skam with magnetite
P54 gar-cpx skam with amphibole

m P22/94, gar-cpx skam

O P32/94, garcpx skam

a P16, gar-cpx skam

A P68, gar-cpx skam

e P54, skam with magnetite
o P71, skam with magnetite
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creased by 20 mol% at the expense of the Alm component)
compared with the original garnet in the same rock. The
composition of garnet in the anthophyllite schist corre-
sponds to almandine-pyrope.

On the basis of the Wo-En-Fs classification diagram, cli-
nopyroxenes belong to the Fe-diopside and Mg-hedenber-
gite group, Fig. 5 and Tab. 2. They are frequently conver-
ted to secondary amphibole.

Table 2. Representative chemical composition of pyroxenes

Of all the skarn samples studied (a total of 6), only
sample 32/94 (gar-cpx, skarn from the Eastern part of
the quarry) corresponds to the chemical conditions re-
commended by Ai (1994) for temperature calculation.
The temperatures calculated according to Ai (1994)
were compared with the temperatures estimated on the
basis of the gar-cpx geothermometer of Ellis — Green
(1979), Tab. 5.

The chemical composition of the
skarn paragenesis and temperature of
620 °C or 710 °C calculated on the ba-

Sample 22104 32/54 P16 P8 =E F19 P99 P25 sis of the garnet-pyroxene geothermo-
Analysis 70s 50 361P16  371PB8  379P71 393P19  394P99 370 P25 Tibrati
. meter correspond to equilibration of the
Location Pemstejn Pemstejn  Pemstejn Pemstejin  Pem$tejn  PemsStejn  Pemstejn  Pemstejn P 5 q s
Mineral cpx cpx cpx cpx cpx cpx cpx cpx skarn paragenesis under the conditions
Si0. 50.01 52.10 52.02 50.78 50.52 51.65 53.77 51.97 s . :
TO! e o5 sopes i ol i oo of the mPhnbollte facies, moderate oxy-
ALO, 1.28 0.98 0.64 2.19 0.29 1.03 2.09 0.49 gen fugacity and not extremely low Xco,.
FeO tot 18.46 12.22 20.30 16.16 15.31 12.71 1.83 19.97 . a3
MnO 1.54 0.83 0.86 0.78 0.83 0.67 0.05 1.41 The younger metamorphic associati-
MgO 5.74 10.22 5.92 9.06 9.02 10.27 17.32 6.05 on is formed by amphibo]es (Fe-pa,-ga_
ca0 23.26 23.78 2028 2007 2374 2293 2498  19.97 i i .
Na,0 0.48 0.35 0.09 0.86 0.27 0.19 0.26 0.21 site, Fe-pargasitic amphibole, ferro-ede-
Tol_al 100.77 100.48 100.20 100.00 99.98 100.26 100.32 100.10 ﬂitic amphibole’ Fe_ amphibole’ iSChel’-
TSi 1.95 1.97 2.06 1.95 1.95 1.97 1.94 2.05 . o . ) X
TAl 0.05 0.03 0.00 0.05 0.01 0.03 0.06 0.00 makite), biotite, epidote, cuammingtoni-
TFe 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 C i 4
o - i b cop b s o koped te and possibly also chlorite. Con\ferm-
M1TI 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 on of pyroxenes to younger amphibole
M1 Fe, 0.08 0.03 0.00 0.06 0.07 0.00 0.05 0.00 . . .
MiFe, a2 535 o6 R e s ito Ko occurs especially in skarns with calcare-
M1Mg 0.33 0.56 0.35 0.52 0.52 0.58 0.92 0.36 ous character.
M2Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
M2Fe, 0.00 0.00 0.05 0.09 0.00 0.03 0.01 0.04
M2Mn 0.05 0.03 0.03 0.03 0.03 0.02 0.00 0.05 Rocks Of the paraseries
M2Ca 0.97 0.98 0.86 0.83 0.98 0.94 0.97 0.85
M2Na 0.04 0.03 0.01 0.06 0.02 0.01 0.02 0.02
Sum_cat 4.00 4.00 4.00 4.00 4.00 4.00 4,00 4.00 ; ; :
& e . = o o = 5 = Thc gneisses of the surrmjmdlng parase
J 0.07 0.05 0.01 0.13 0.04 0.03 0.04 0.03 ries were found to contain the mineral
WO 49.62 49.34 45.03 43.72 48.55 48.10 49.42 44.29 P ; .
EN 17.04 2951 1829  27.46 2567 2998 4768 1867 association: plagioclase (An,, ,,), quartz,
Fs 33.34 21.15 36.69 28.82 25.78 21.92 2.90 37.04 muscovite, garnet of almandine che-
WEF 96.27 a7.42 99.28 93.44 87.93 98.58 98.13 98.34 5 & ST
0 0.20 0.60 072 P .00 142 068 1.66 mism — Fig. 6, Tab. 3, biotite — Tab. 4
AE 3.44 168 000 378 207 0.00 1.20 0.00 and kyanite. The minerals formed under
22/94 gar-cpx skam P68 gar-cpx skam younger metamorphic conditions inclu-
32174 gar-cpy-skam F71:garcp skam with magrnetite de sillimanite, muscovite and chlorite.
P16 garcpx skam P19 gar-amp skam =
P25 cpx skam with magnetite P99 marble
O  22/94, gar-cpx skarn
B P16, gar-cpx skarn
A 32/94, gar-cpx skarn
+

P71, gar-cpx skarn with magnetite
P54, gar-cpx skam with amphibole
P25, cpx skarn with magnetite
P99, marble

P19, gar-amp skarn

S 0 P X

P68, gar-cpx skam

En Fs

Fig. 5. Chemical composition of pyroxene in ternary plot Wo-En-Fs
(mol%) from Perndtejn. Sample numbers are indicated.
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Fig. 6. Chemical composition
of garnet in ternary plot
Alm+Spes-Pyr-Gros (mol%)
from Pernitejn. Sample num-
bers are indicated.

® P59, gar-bt schist

O P58, gar-bt gneiss

P50B, bt gneiss with garnet
P66, gar-bt gneiss

o P56, anthophyllite schist

NN V) v LV ¥ S V. v NN
Pyr Spes
Table 3. Representative chemical composition of garnets
3 i‘ .

Sample P59 P59 P58 P50B P66 P56 DB20A DB20A S supposed to decrﬁase the granllc

Analysis 43 P59 44 P59 38 P58 55 P50B 60 P66 B84 P56 76 DB20A 77 DB20A X - :

Location  Pemslejn Pemstein Pemslejn Pemitejn  Pemstejn  Pemdtejn  Pemitein  Pemstejn melting point (Pichavant 1981).

Mineral gar gar gar gar gar gar gar gar 2 H H

SiO, 38.42 38.18 37.64 36.45 35.61 38.23 35.63 36.57 Th? press..ure Of_ equlllbratlon Of

TiO, 0.06 0.13 0.09 0.04 0.00 0.00 0.06 0.05 the mica schist gneisses was calcula-

ALO. 21.08 21.24 21.43 22.00 2077 21.67 21.82 20.41 " «

FeO calc 34.89 34.82 33.88 31.39 33.42 31.10 31.93 33.27 ted using the plagioclase-garnet-

Fe.O,calc  0.00 0.00 0.00 0.00 318 0.00 0.82 0.09 AlSiO_-quartz geobarometer of

MnO 1.29 1.26 1.94 5.44 2.15 1.61 7.80 7.81 = 7 edE

MgO 4.49 4.44 4.60 2,54 2.37 6.67 1.12 0.95 Ghent (1976). The presence of silli-

Ca0 0.32 0.28 0.36 0.63 2.22 0.72 0.72 0.77 manite and kyanite il'l lhe I‘ock indi_

Total 100.55 100.35 99.94 98.49 99.42 100.00 99.90 99.92 = Tt .

TSi 3.06 3.04 3.01 298 2.90 3.00 2.92 3.00 cates disequilibrium relations. The

TAl 0.00 0.00 0.00 0.02 0.10 0.00 0.08 0.00 13 s 2

Bl 308 ety % ae 500 300 200 X6 i0) !ack of eqmlll?rmm is also reflected

ALV 1.97 1.99 2.02 2.10 1.90 2.01 2,02 1.97 in the calculation of the value of the

Fe, 0.00 0.00 0.00 0.00 0.20 0.00 0.05 0.01 . . M -

T oo s i a6 Hod g 550 560 distribution coe‘ff?ment Kb‘and pressu-

gumﬂ 1.98 2.00 2.02 2.1 2.09 2.01 2-0? ;-g res, which exhibit scattering (log K,

e 232 2.32 2.26 2.15 2.28 2.04 .19 :

Mg 0.53 0.53 0.55 0.31 0.29 0.78 0.14 0.12 =-1.6to -2.7, P =5 to 7.9 kbar)

Mn 0.09 0.09 0.13 0.38 0.15 0.1 0.54 0.54 (Pertoldové 1986)

Ca 0.03 0.02 0.03 0.06 0.19 0.06 0.06 0.07 "

SumB 2.97 2.96 2.98 2.89 2.91 2.99 293 3.01 The younger metamorphism of the

Sum_cat 8.00 8.00 8.00 8.00 8.00 B8.00 B8.00 8.00 x = -

s ki 0 S o i e o sy paraseries rtljcks is of retrograde na

Alm 78 78 76 74 78 68 75 76 ture, which is apparent from the pre-

And 1 0 0

Graes f ? ? g 4 g 5 5 sence of transverse growth of musco-

;ymne 18 18 18 11 10 26 5 48 vite, formation of chlorite and silli-

pess 3 3 4 13 5 4 18 1 3 P
manite at the expense of biotite, and
P59 gar-bt schist P66 gar-bt gneiss chlorite at the expense of garnet.

P58 gar-bt schist
P50B bl gneiss with gamet

P56 anthophyllite schist
DB 20A migmatized gneiss

The temperature and pressure conditions of equilibra-
tion of rocks surrounding the skarn mineralization were
derived using the garnet-biotite geothermometer (Ferry —
Spear 1978), garnet-phengite (Green — Hellman 1982)
and plagioclase-microcline (Whitney — Stormer 1977) ge-
othermometers. The temperatures determined are given
in Tab. 5. It is apparent that the rocks of the paraseries
equilibrated at higher temperatures, 613-730 °C, than the
temperature values corresponding to orthogneisses and
migmatites, 550-600 °C (Pertoldové 1986), where B,O,

Oxygen and carbon isotopes

The oxygen and carbon isotope study of the minerals
from the skarn paragenesis, metasediments and marble
was carried out, Tab. 6.

In the skarns, the 80 values varied in the range 0.2
to 2.4 %o for garnets and a value of —3.3 was obtained for
magnetites from two different samples. Equilibration tem-
peratures of 670 °C (+ 50 °C) and 640 °C (= 50 °C) were
calculated for the garnet-magnetite and clinopyroxene-
magnetite pairs respectively for sample 22/94; these va-
lues are in agreement with the temperatures of 620 °C or
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Table 4. Representative chemical composition of biotites

corresponding to regionally metamor-

phosed marbles (Shieh — Taylor 1969,

Sample P59 P59 PS8 P58 P50B PG6 P66 DB20A
Analysis  188P59  189P59  174P58  175P58 200P50B 205P66 206 P66  223DB20A
Location  Pemslejn Pemstejn Pemitejn Pemstejn Pemstejn Pemstejn  Pemitejn  Pemstejn Hudson 1977). . .
Mineral biotite biolite biotite biolite biotite biotite biotite biotite The &'®0 values in the skarn minerals
Si0 36.69 36.23 34.69 34.81 35.82 33.32 31.58 36.39 < 18 5
T, 251 2.46 2.63 2,65 230 1.96 1.68 3.47 differ from the 8'®O values for minerals
AlLO, 19.36 19.75 20.09 19.71 26.40 20.41 19.87 19.51 Of Lhe Sun-ounding rocks Of [he parase-
FeO 18.33 18.92 19.08 18.94 15.63 23.82 25.33 25.03 . . -
MnO 0.00 0.00 0.09 0.06 0.20 0.06 0.10 0.32 ries — they are systcmatlcally lower. Si-
MgO 11.22 11.33 11.78 1.71 7.80 8.45 8.50 4.65 milarl ured §'® 13
ca0 0.00 0.05 0.05 0.00 0.10 0.06 0.00 0.00 ilarly, the n.‘lea.s d 8"0 and 8"C
Na,0 0.61 0.63 045 0.35 0.18 0.24 0.25 0.10 values of calcite in marble P99 (marb-
K,0 7.28 6.65 8.06 7.84 7.57 7.68 7.83 7.68 . . )
Ho e e b s s oy S s le forms z} 20 cm thick lens in the gm
Total 10005 100.07  100.92 99.99 100.13 99.91 99.00 100.78 net-amphibole skarn) are low and diff-
Siv 5.43 5.36 5.15 5.20 5.19 511 4.96 5.51 froum il tiloin i bioad
Al 2.57 2.64 2.85 2.80 2.81 2.89 3.04 2.49 er from the marble in the broad surroun-
T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 dings, whose 8'*C values correspond to
A 0.81 0.80 0.67 0.68 1.70 0.80 0.64 1.00 :
Tiv 0.28 0.27 0.29 0.30 0.25 0.23 0.20 0.36 the values for oceanic carbonates. The
Fe -2 227 2.34 237 2.37 1.90 3.06 3.33 317 ; I8
. ol o o s bt o o ol decrease in the 8'*0 for‘thesc marbles
Mg 2.48 250 2.61 261 1.69 1.93 1.99 1.05 from the broad surroundings compared
O site 5.83 5.92 5.96 5.96 5.56 6.02 6.18 5.62 :
= X o ¥ o T o = s to the values for the oceanic carbona-
Na 0.18 0.18 0.13 0.10 0.05 0.07 0.08 0.03 tes could be partly caused by decarbo-
K 1.37 1.26 1.53 1.50 1.40 1.50 157 1.49 o ; .
A site 1.55 1.44 1.67 1.60 1.47 1.58 1.65 1.52 nization during metamorphism and ex-
o 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 change with metamorphic solutions.
OH 4.00 4.00 4,00 4.00 4.00 4.00 4.00 4.00 518 B .
mg_SL 0.52 0.52 0.52 0.52 0.47 0.39 0.37 0.25 The O and 8"C values for calcite
] marble P99 are very low. In the case of
P59 gar-bt schist P66 gar-bt gneiss T = . :
P58 gar-bt gneiss DB20A migmatized gneiss oxygen, it is possible to consider either

P50B bt gneiss with gamet

710 °C derived for skarn paragenesis by the element dis-
tribution method gar-cpx geothermometer of Ai (1994),
Ellis — Green (1979). In magnetite skarn P51, amphibole
is apparently in disequilibrium with magnetite, which con-
firms the results of petrological study (amphibole is for-
med secondarily at the expense of clinopyroxene).

For the rocks of the surrounding paraseries, the fol-
lowing temperatures were calculated on the basis of the
measured 8'*0 values: for garnet-biotite schist P59 610+50
°C (the quartz-garnet pair) and for biotite gneiss with gar-
net (P50B) 710+70 °C (the quartz-biotite pair). These va-
lues are not in contradiction with the temperatures deri-
ved on the basis of distribution of the elements between
garnet and biotite and garnet and phengite.

For marble from the broader surroundings of the skarn
rocks (sample 100, sample 101), 8O values of 14.0 and
18.4 and 8"°C values of — 0.6 and 1.9 %c were measured,

Table 5. Calculated temperatures at the Pernstejn locality (at 5kbar)

! Sample | XTC(FS) | o % T°C(GH)
|P 58 gar-biot gneiss 613 21

P 21 gar-biot gneiss ‘ 642 25

P 59 gar- biot schist | 653 21

P 66 gar-biot gneiss | 653 32

D.b.28 biot gneiss with gar i 729 10 665
D.b.36A biot gneiss with gar | 677 5 646
D.b.25A mica-schist gneiss 666
32/94 garcpx skam |

D.b.20A migmatized gneiss 562 128 600

|D.b.22 orthogneiss [ |

(FS) - Femy, Spear 1978
(GH) - Green, Hellman 1982
(WS) - Whitney, Stormer 1977

primarily low values, produced by hyd-

rothermal activity during sedimentation,

or secondarily decreased values caused
by the effects of the metamorphic fluids. At high meta-
morphic temperatures and low §'*0 values of the meta-
morphic fluids (= 3 %o), the 8'*0 value for calcite was
shifted to the values for the metamorphic fluids and at-
tained a value of = 7 %o.. The low 8'*C value of this cal-
cite apparently indicates that, in addition to decarboni-
zation reactions, it could be affected by the presence of
organic matter in the protolite and/or enrichment from an
external source.

The 80O values are lowest in skarns and in the marb-
le intercalation (P99) and increase in the surrounding me-
tasediments. Metamorphic isotope homogenization of the
skarns with their surroundings did not occur.

The 8'%0 values in the garnet-pyroxene skarns, varying
between —0.3 and 2.5 %o, are not in agreement with the
concept of formation of these skarns from high-tempera-
ture metasomatic solutions derived from granitoid rocks.

o ‘ X T°C (WS) c X T°C(A) g| XTCEG | o
i -
2 | l | |
a7 |
20 | | | |
_ | e |5 707 10 |
24 554 22 | ,_
[ 584 [0 | '.
(A) - Ai 1934

(E-G) - Ellis, Green 1979
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Table 6. Stable isotope analysis 8O (SLOW) and 8"*C (PDB) of minerals from skarns and surrounding rocks

' |
! | | Calcite
Location | Sample Rock type | Quartz | Pyroxene | Garnet | Amphibole | Biotite | Magnetite | Calcite &1 C
%PDB
| |
Pemstejn | 22/94 _gar-cpx skam 02 0.3 | ‘ 33 |
Perndtejn | 32/94 |gar-cpx skarn | 24 12| | |
Pemstejn | 32/94 garnetin band 25 | | | |
Pemstejn | P51 |magnetite skam | | 28 | | 33 |
PernStejn | P54 |gar-cpxskamn 14 | 15 | i | | |
Pemstejn | P61 |gar skamn 38 | 17 ‘! 1. - .
|Pernatejn P59 |gar-biot schist 4.7 | 10 | | 37 | | |
EPern§tejn P56 |anthophillite schist 12.9 | 68 | a)47 ‘ a)47 | | .
|Pernétejn P 50B |gar-biot gneiss 8.9 | 3 54 | |
PPernstejn P99 marble | b)16 | b) 1.6 ' 7.1 99 |
Nedvédice 100  |marble | | | | 140 -06 |
|Smréek 101 |marble ! | [ | _ | 184 | 19 |
a) mixture of amphibole and biotite b) mixture of pyroxene and amphibole
The 8"*0 values of granitoids generally vary between 6 and  Distribution of REE

10 %o and high-temperature solutions that would be in
equilibrium with such rocks would have similar isotopic
composition at the probable low water-rock ratio.

The 8'®*0 values obtained for comparison from the con-
tact scheelite skarn from Vrbik near Horazdovice, formed
by replacement of Moldanubian limestones at the contact
with the Cervensky granodiorite, are much higher and co-
rrespond to the concept of high-temperature solutions de-
rived from granitoid rocks. In two samples from Vrbik,
6'%0 values 7.8 and 8.5 %o for cpx, 9.2 and 8.8 %o for
garnet, and 7.2 and 6.4 %o for scheelite were found.

The REE contents were measured in skarns from the
Pernstejn locality, in the rocks of the surrounding para-
series, and also in the separated phases (garnets, pyroxe-
nes, magnetites) of the skarn paragenesis.

The REE contents of the metasediments in the vicinity of
the skams correspond to the values for post-Archaic sediments
with typical ratios of LREE and HREE of = 10 and with a
negative europium anomaly, Fig. 7. The REE contents of
skams are lower, Fig. 8. The ratio of light and heavy REE is
= 1 and a positive Eu anomaly is apparent for some samples.

Pernstejn

1000

:

-
o

rock /chondrite (Wedepohl 1870)

——P50
——P66
—&— P31
——P32

P59 gar-bt schist
P66 gar-bt gneiss
P31 mica schist
P32 amp gneiss

1 bttt
5 8§ € 2 §E @

T T T

*ETEY:

Fig. 7. Chondrite-normalized REE plot of Pernstejn gneiss. Sample numbers are indicated.
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Pernstejn
1000
g —0—P7
= 1001 —.—P25
§ —A—P26
—»—P53
% —%—P51
E —e—P52
E —+—P61
2 10 ——PS6
-§ —e—P57
= ——P28
1 t + + + - + t + + + + + -
] @ - bl E 3 o a > o ] E g 3
o o (o)
=z @ w GREE T =
P7 gar-cpx skam P52 gar-cpx skam with magnetite
P25 gar-cpx skam with magnetite P56 anthophyllite schist
P26 cpx skam with magnetite P61 gar skam
P53 gar-amp skam P57 gar quartzite with amphibole
P51 magnetite skam P28 amp skam
Fig. 8. Chondrite-normalized REE plot of Pernstejn skarns. Sample numbers are indicated.
Pernstejn
—A—mag PE22/94 o
- - & - -cpx PE22/94
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Fig. 9. Chondrite-normalized REE plot of Pernstejn skarn minerals. magPE22/94 — mag from the 22/94 gar-cpx skarn; cpxPE22/94 — cpx from
the 22/94 gar-cpx skarn; garPE22/94 — gar from the 22/94 gar-cpx skarn; garP32/94zh — gar from the 32/94 gar-cpx skarn; garP32/94p — gar from
the band 32/94 gar-cpx skarn; cpxPE32/94 — cpx from the 32/94 gar-cpx skarn.
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The REE curves in the separated minerals from two skam
samples (analyzed by the ICP methods in the laboratories
of Analytika Co. Ltd.) reveal identical characteristics and
also differences, Fig. 9. The overall slope of the curves is
slight. Fractionation of the HREE into the gamnets is appa-
rent. Sample P32/94 is overall richer in REE and both its
main minerals exhibit a clear positive Eu anomaly. In this
sample garnet was analyzed from a band crossing the skarn
body (P32/94p). This garnet was apparently formed as a re-
latively younger member in the metamorphic paragenesis.
It differs from the garnet of the main skarn paragenesis in a
higher content of LREE.

Analyses of the REE in whole rock samples and the se-
parated minerals indicate that the individual lithological
skarn layers have somewhat variable characteristics, indica-
ting different compositions of the skarn layers, which were
not eliminated even by intense regional metamorphism at a
temperature of about 660 “C. This indicates limited or no
metamorphic mobility of these elements between the rock
types. On the other hand, REE moved on a small scale in
the rock (rock type, position), as is indicated by the fractio-
nation of REE between garnet, pyroxene and magnetite.

Conclusions

Skarns at Perntejn constitute a lithologically inhomogene-
ous body in which the older fold structures were retained
and that is folded in its hanging wall part together with the
surrounding paraseries. The derived temperatures of skarn
association of 620 °C (710 °C) or 670 °C (640 °C) are close
to the temperatures of the regional metamorphism of the
surrounding metasediments, i.e. = 660 “C. Migmatites and
metagranitoids exhibit lower temperatures, 550-600 °C. In
some rock types of the surrounding paraseries, mineral pa-
ragenesis indicating disequilibrium relations was found.

The intensity of the younger metamorphic event is vari-
able, depending on the rock type and geological position.
For example, the effects of younger metamorphism do not
attain an intensity in the skarns such as can be observed for
the metasediments of the broader surroundings. This is pro-
bably caused by low water fugacity in the original skarn
mineral association.

In the light of the derived metamorphic temperatures, it
cannot readily be imagined that the skarn was formed by
the action of orthogneiss or migmatite, because these two
rocks were formed after the peak of the metamorphism,
which the skarns underwent together with the metasedi-
ments. The isotopic composition of oxygen also do not per-
mit the concept of formation of the skarns from high tem-
perature solutions derived from granitoid rocks. The oxy-
gen of the skarns could also not have been derived from a
sedimentary carbonate environment. It was most probably
derived from hydrothermal solutions. The REE distribution
indicates the presence of high-temperature and (or) reducing
solutions, which are common in hydrothermal systems at the
ocean floor (Lottermoser 1992).

Submitted June 1, 1998
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Metamorfni vyvoj skarnii na lokalité Pernstejn, svratecké krystalinikum, Cesky masiv

Na lokalité Pernitejn (svratecké krystalinikum, Cesky masiv) byl studovén geologicky a metamorfni vyvoj skarnii ve vztahu k okolni parasérii, ortorulam
a migmatitim z hlediska geologické stavby, minerdlnich asociaci, chemismu minerilii, geotermometrie, izotopii kysliku a vzdcnych zemin. Skarny jsou
z litologického i mineralogického hlediska nehomogenni ¢ocky, jejichZ deformace je komplikovanéjsi nez v okolni parasérii. Teploty vzniku grandt-
klinopyroxen-magnetitové parageneze skarni, 620 °C (710 "C), resp. 670 "C (640 °C) (odvozené na zdkladg distribuce hlavnich prvki a izotopii kysliku
mezi koexistujici faze) odpovidaji podminkdm hlavni metamorfézy v amfibolitové facii. Za stejnych podminek byly metamorfovdny i horniny parasérie,
kdeZto migmatity a metagranitoidy vykazuji teploty niZsi (550-600 "C). Izotopické sloZeni kysliku v silikdtech skarnovych paragenezi neni ve shodé
s predstavou o kontaktné metasomatickém vzniku skarnii, spojeném s metagranitoidy a migmatity. Kyslik pravdépodobné nepochdzi z metamorfnich
roztokil, které byly v rovnovize s parasérii. Distribuce vzdcnych zemin ukazuje na piisobeni roztoki redukéni povahy nebo na vysoké teploty. Domnivime
se, Ze prekurzory skarnii byly pfitomny v parasérii jiz od pocdtku, byly s ni metamorfoviny, a pravdépodobné vznikly v sedimentdrné-exhala¢nim
prostiedi.



