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Abstract
Něrnec, D., 1991: Regíonal typízatton of the íron skarns of the Bohemían-Moravían
Heights [Českornoravská vrohovína ). Acta Mus. Morauiae, SeL nat., 76:51-'82 (wit!h
Czech summary}.
The skams oř the Boaerman-Moravtan Heíghts can be classífíed as íron skarns. They
are pre-Varíscan in age arrd have been regionally metamorphosed in a mígmatízatíon
zone under abyssal condttíons. Apart f110m sorne í nput of granitíc metatect from
enclosíng gneisses, metamorphism took place isochemioally. Due to metamorphism
the skarns acquíred the petrographical characterísttcs oř metamorphic rocks.
During eegtonal metamorphísm, almandíne, grossulante-almandíne and hornblende
originated. Díopside-hedenbergíte, grossularíte-anduadtte, epidote arid magnetite
are relict minerals. Minenals of the skarns -are characterize-d on the basts oř their
ohemícal composítíon. Ohernical equí líbní a of 'some .assemolages are díscussad by
use oř partítion coeřncíents and t>he pluasa rule. To dísouss the premetamcrphíc
genesis, the following features oř the skarns are important: Strlkíng geological
and partly petrographccal sírní lanittes to bodies of marbles oř the region; spatíal
relattons to massífs and Iarga complexes oř orthogneísses (in sorne of them, pre­
sence oř relict greísens was proved}; evidence of reuct metasomatíc zoníng and
stage development, which ís especíally obvíous in the superposítton oř magnetite
mtneralízatíon on older silioate assemblages; presence lof uninerals (or pseudo­
morphs ařter them] , W.hioh can ongmate only under condítíons oř contact meta­
morphísm: presence oř geochemíoal features enabling a dístínctton between skarns­
-arter-carbonates and skarns-after-noncarbonates. All these řeatures suggest that,
before regional metamorphísm, the skanns were typícal prímary skarns developed
through a hdgh-temperature metasornatísm, mostly oř carbonate rocks, whích was
caused by magrnatogeneous ore řluids. The hypothesis that they have been orí­
gina lly submaríne-exhalatíve deposíts is not sufficiently supported.
Key words: Skarns, regional metamorphtsm, genesi s, Czeohoslovakía.
Dušan Němec, Geoindustria, 586 01 Jihlava, Czechoslovakia.

Introduetion

Durmg last deeades, many papers have been publlshed on the skarns of
the Bohemían-Moravían Heíghts, f.ollowing theír openíng by quarrying, míníng
and prospeotíng works. The results we.re summarízed by the author in 1979.
Since then, sorne řurther papers have appeared making a new comprehenstve
treatise on them desírable.

Tne term "skarn" has ehanged tts meaning many times (compare B u r t
1983, Leg I e r and B ,a u m an n 1983, K wa k 1987). In Czech literature,
the original Swedish meaníng ís mostly maintained. Skarns are desígnatad as
rocks consístlng dominantly of clínopyroxene, Ca garnets and other Ca síltca­
tes (caleic skarns) 01' Oa-Mg and Mg sílícates (magnesían skarns]. Magnetí-
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te-containing amphibolites and iron-poor calc-silicate hornřelses ("erlans")
even though aIso sornetímes called skarns, are not considered here.

Usually skarns have been produced by high-temperature metasomatísm of
carbanate, partly also alumíriostlícate rocks, by actíon of magmatogeneous
fluids and solutíons, The skarns of the Bohemlan-Moravlan Heights, which are
pre-Varíscan, possibly even Cadonťian in age, have Ibeen ařřected by regional
metamorphism under abyssal condítíons, which ímprínted thern with the cha­
racter nf metamorphíc rocks. 'N)ith the exception of Fenosoandta, similar rocks
are unknown in the world, Due to the regional metamorphism, their ortgínal
premetamorphíc genesis ís unclear. However, their unířorm petrographtcal
features and geochemical símtlarrtíes suggest the same origin.

The terrttory considered íncludes the whole Bohernían-Moravían Heights,
as fas as to the town Kutná Hora in the north, In addítlon, the locality of
Kottaun (near the Austrían 'tow,n Drosendorř l in Austrian Waldviertel is in­
cluded, It ís only 3 km away from the Czechoslovak frontier. Recently this 10-
cality has been ínvestígated in great detaíls by G a t z ing e r (1981).

Geology

(a) Locatíon of skarns. The skarns occur in the Moldanubícum as well as
in the metamonphíc complexes of Kutná Hora and Svratka. Usually they appear
in groups (Fig. 1). Dnly the skarn at Malešov near Kutná Hora is ísolated:
however, it lies ne-ar the Cretaceous basin under which sorne further OCCUTren­
ces coukí be hidden. The skarn bodies appear in areas covered by extensíve
cornplexes of orthogneisses and theír mígmatítes (in .partlcular, migmatites of
the Gfčhl type) 01' in close proxímíty to isolated orthogneíss bodies (the Sá­
zava area, the Blaníce řurrow, the Žďár area). In contrast they are absent in
large areas formed exclursively by monotonous bíotíte-sílllmaníte paragneisses
and their mtgmatttes, as are the areas on both sídes oř the Central Massíf of
the Bohemdan-Moravían Heights (Fig. 1) or in the Strážek Moldanubían meta­
morphic complex. The svrarka metamorphic complex, which is very rich in
two-míca orthogneísses, is also rích in skams, especíally in íts southern part.

The skarns are always a part of paraseries [paragnetsses, míca schists)
and also oontain, even if rarely, interoalations of 'these rocks. Sometimes it
seemed that they were ernbedded directly in orthogneisses, but a prospection
performed by drilling has usually shown (for instance, at Kordula) that they
were accompanied by paragneiss. Exceptícnal occurrence of small skarn pods
in light coloured Gfahl orthogneíss at Ruda near Velké Meziříčí and at Bisku­
pice (K o u t e k and Č ech 1974) probably represents boudíns řolded into
orthogneiss.

As a rule the skarm bodíes are sítuated either dírectly at orthogneiss' con­
tacts (Vlastějovice, Budeč) or lie auly some tens or hundreds of meters away
from the contact. The skarn/orthogneíss contact planes are always tectonical.
Evidently, the contacts separating domaíns of diřřerent rigidity were very suit­
able movíng planes. Strikingly, most skarns are located in deřorrnatíon zanes
ar near deeply reaching faults, whích were founded in pre-Varíscan tírne and
continuously reactívated .in younger períods, This fact was stressed already by
W e i s s et lil. (1982). The skarns at the Zlaté Hory village lie in the Blaníce
furrow (Fig. 1), tne skarns of the Sázava area along the Sázava fault, the
skarns of the Žďár area along the Železné hory Mountains and Křídla faults,
the skarns oř the centrál part of the Svratka metarnorphíc complex at the
Sněžné fault, the skarns in the south of the Svratka metamorphíc corrrplex
near a deformation zone at the Moldanubicum/Svratka complex contact, the

52 



' ....•. ~ ......•

..................•..........•....... 

i: 2 :.:')
VLAŠIM . 

(~ .. ~\
····· .. '1

/.>

\~~ ~~-:-.....,~ - ...•• :.......•• ~ ~o·.... ....:.. 5"
....:.. ~....... ......~.-:\. ~~ ... ~:

... @- -, "-
........ !) ZDAR .•............. 1

\ .~ ." . ,
6··~{.)

\

......•......... ~.

{. 11 -.

c::J1 f7'7"'Tl 2
~ §iHl3 3 1=-34

N

~

o 10 km 
I---------l

Fig. 1. Geologícal sketch-rnap oř Boherman-MoravaanHeights.
Explaoatíon of rock sígns: 1 - Moldanubían crystalhne sctusts, 2 - acid plutoníc
rocks, 3 - Moravikum, Políčka metamorphtc complex and the Želemé hory Mts. system,
4 - sedírnentary rooks. Skarn ocourrences: 1. - Blaníce řurrow, 2 - Sázava area,
3 - Malešov Iooalíty, 4-6 n,o,ntlhern, centnal and southenn skarn areas in the svratka
metamorphtc complex, 7 - Po}ná area, 8 - Ždár area, 9 - Velké Meziříčí area, 10 -
Hostákov localíty, 11 - Moravský Krumlov area, 12 - župenoetce area, 13 - Kottaun
area.
Obr. 1. Přehledná geologdcké mapa českomoravsks vrchovíny.
Výk1ad značek hornín: 1 - krystalncké břidlice moldanubíka, 2 - kyselé plutonícké
horniny, 3 - moravíkum, poHčské krystalmuleum a Železné hory, 4 - sedímentámí
honnany. Výskyty skarnů: 1 - blaníoká brázda, 2 - sazevská oolast, 3 - Malešov,
4-'6 oblastí výskytu skarnů v severní, střední a jižní částí svrateokěho krystaltndka,
'7 - oblast P01né, 8 - ždárská obíest, 9 - oblast V. Meziříčí, 10 - Hostékov, 11 -
oblast M. Krumlova, 12 - županovíckě oblast, 13 - oblast u Kottaun,
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skarns at Ruda (near Velké Meziříčí) and Hostákov near the Bíteš and Třebíč
faults. The skarns at Polná are situated in the Přibyslavice fault zone, and the
skarns of the ŽUJpanovice area are at a N-S striking fault coíncídíng wíth the
Dyje va11ey and probably assocíated with the prominent Přibyslav fault zone.
The latter two skarn areas are interresting in that no orthogneíss complex
occur in theír írnmedjate proximity. The Sněžné řault is oriented approxímately
W -E. Thus, it cuts the NW-SE trendíng geclogícal belts at obtuse angle. Con­
sequently, the dlstríbutíon of the skarns seems to be related to the tectoníc,
rather than to the geologícal patterns of the region.

The skarns always appear in arsas where marbles occur. If several
marble-contaíning bel'ts are present, as in the Svratka metamorphic complex,
the skarns are not resctricted only to one zone, but occur in several zones.
This is the sarne sítuatíon 8.S recorded by H o t h and L o r e n z (1966) in
western Krušné hory Mountaíns (western Bohemia).

Sorrietnnes the skarns seem also to be assocíated Wlith zones of calc-sílí­
cates of regíonal metamorphísm. This reřers .pantioularly to oalc-síjícate horízon
more than 3 km! long, rurmíng between Zlaté Hory !a!nd Mladá Voěíce in tJhe
Blaníce fUII1I'Qow. In rt only few sollitary Ibodioes iof trne skarns occur.

The skarns are nevel' assocíated wíth amphíoolrtes, Senpentíní tes, in addí­
tíon to marbles, have Ibeen encountered only in tne Kordula skarn říeld (the
Mloravský Krurnlov area).

(lb) Shape and falbric of skarn bodies. The skarns form lenttcular 01' tabular
bodies inserted concordantly into paragneíss or mica schíst series. They are
tens or a few hundreds of .meters along strike and several meters. to some tens
of meters t'hick. In the southerri part .of the Svratka metamonphíc cornplex
(in tne surroundíng of the tow:n Nedvědíce }, where tne skarns are especíally
aoundant, sorne much smaller bodnes also occur (they are not traced in Fig. 1).
The bíggest skarn body ís that oř 2upa,nov,ice, which ís up to 250 m thick.

lnl tne sikarn Ibodies, core consístíng of řeldspar-tree assernblages (pyroxe­
ne and gamet skarns}, and margtnal zones of varíous thtokness and composí­
tíon are usually dísnriguísnable, The Iatter consíst .of varted řaldspar hornfal­
ses and schists, less frequently of epidosites, feldspar-free almandine-biotite
scnísts and other rocks. The skarn bodíes also contaín rare paragneíss and
marble intercalations, and abundant pegrnatíte and řeldspar dykes and schlie­
ren. Tne major assemblages are as follow,s:

(1) Calcic skarns. They are present ín a11 skam bodies as theír- maín COlJ.­

stituent, wrth the exceptíon od' some smaller bodíes in the Sázava area whích
consísts only of skarn hornřelses. The skarn cores are .prepondet-antly alrnost
monorrňneral pyroxene skarns and subordínately gamet and amphíhole skarns.
Dnly in the Zupanovtce area soarce fayalite ajso occurs. Caloíc skarns are car­
ríers oř- rnagnetíte ore.

(2) Magnesían skarns. It řs a Ieldspar-Iree assemblage cornposed nf Mg-rtoh
minerals (mostly diopside, forsterite, phlogopite, Mg spinel). They form layers
up to several .m thíck Which riever occur alone, but in small quantítíes accorn­
pany normal calcíc skarns in the Višňové, Kordula , Slatina, Ruda at Velké
Meziříčí and Budeč localities. A11 these localtties occur in the eastern part of
the Moldanubícum. Unclear ís the character nf a Mg-rích rook řound in margí­
nel skarn schíst of the Zupanovtce skarn [Něrnec 1963]:)). Within the skam
bodies, rnagnesían skarns occur only rarely [Kordula]. They are conHned to
marg íns of skarn cores or to marginal skarn schísts. The magnesían skarn are
often selectívely rníneralízed by magrietíte up to a complete replacement,

(3) V:arried íeldsper-bearíng honnřelses and schísts [skarnoíds.] of skarn
margtns. Tohey display massíve, banded Dr schlíeren srructures, and, in areas
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nf mtgmatízatdon, have been also mígmatízed. Felsic constítuents are predorm­
nant. 'Dhe rock consísts oř plagtoclase, orthoclase, quartz, clínopyroxene, horn­
blende, bíotíte and vartous garnets, except for emdradíte. Magnetíte ís absent
lín thern.

(4) Skarn epídostte. The rock ís composed alnnost errtírely oř řína graíned
epídote. It florII1JS layers up to several rneters tbíck in sorne skarn bodíes o!
the Svratka metamorphic complex (Sejře·k, Věchnov, Fryšava, Líšná ].

(5) Almandíne-bíotíte schtst. A~o.ng witlh other margínal rock types, dt
řorms snvelopes of skarn bodíes ernbedded in míoa sohísts (the Svratka meta­
morphíc cornplex ] OJ' some rnJicaJsoh~st-near paragneísses (Ž'll(panovice, Kottaun}.
Their layers are up to several meters thiok. They consíst of almandine and
subordínate bíotíte. 'I'hrough a ipla.gio.cla'se admíxrure, tney pass OVe\I' contínu­
ously ínto btotrte-gaenet gneíss oř the skarn rnantles. Sornetímes, they also
contaín hornblende and/or clUJmmrn:gtOlIlirt·e.

. ( 6) Marbles. They have baen found in most Iocalitíes in which geological
ore :pr,oslpecrting has been carrled out íntenstvely. 'I'hey occur both iiIl skarn
cores anod margmal skarn schísts. 'Dhatr layers are at most several meters
thíck. 'DheilI' quamtdty ís low, except flo'!' the 'hídden skarn bodies of Věchnov,
were they sometímes prevael over skarns, A'll types are present, námely calcic
mjalflble.s., dolomit€ rnarbles and calcíc dolomtte Im:ar.bles. Theír content of sílí­
cates varíes consíderably [Ftg. 2). H o u z a r (1988) notíced that Moldanubíen
dolomíte marib1es tich in sílícates are partly dedolcmttízed. This holds also
for marbles oř the skarn looařítíes (Fi.g. 2).

Silic

•

••

•
I•• ,

Cc 
Fig. 2. Composition of marbles assoeíated with skanns (wt. %).
Cc - ealcíte, Dol - dolomíte, Silic - sí licates.
Obr. 2. SLožení mramorů' sdruženýoh se skarny (hmot. %).
Cc - kaloít, Dal - dolomit, Silic - siLikáty.

Dol 

(7) Pegmatrtes and grarrítoíds. Skarn bodíes are penetrated abundantly by
dyke.s and schlíeren of pegrnatítes. They are mostly several cm to several m
thick. The postmetamorphíc ígneous pegmattites are rare. They contaín mus­
covite, and sometímes even řluoríte, axinite and schorl. Pegrnatítes which
represent a granttíc matatect set free nf gneísses duríng thei.r mdgmatízatíon
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are most frequent. They are to VaI\iOiI.lS degrees contamínated by skarn cornpo­
nents rund, therefore, contaín abundant tríotíte O'r hastíngsítíc amphíbole. The
pegrnattte/pyroxene skarn contacts are lined w'ith nanrow reactíon ríms com­
posed mostly of amphíbole.

Dykes of postrnetamorphíc granítotds, probably oř Varíscan age, are only
rare (Županovice, Budeč; Něm e c 1963d).

Main m'd n e r a l s
I a) Calcic skarns
Pyroxene, The skarn 'pyroxene belongs 'to. the díupsíde-hedenbergtte seríes.

Its mg number I MgO/MgO +:FeOtot. X 100, at.) depends on míneral association
and locality. Pyroxene of pyroxene skarns is usually ferrosalite and hsden­
bergite (mg 4-60), that of varie'd hornřelses salite. However, almost pure
hedenbergíte, known in some prírnary skarns I B u r t o n et al. 1982), does
not occur. Hence, pyr oxene of the skarns under study díd not ordgínete through
the reductíon of andradrte.

Pyroxene associated wíth hornblende ís always more magnesium-rich tha:n
pyroxene of almost pure .pyroxene skarns ITalble 1). Evídendly, in amphrbo­
le-pyroxene skarns, íron preřers a'lll/philbole (P e Ir č u k 1970) leaving more
magneséum for pyroxene.

Tab. 1. 'Dhe average mg number oř pyroxene in pyroxene skarns arnd in amphibole
skarns.

Tab. 1. Průměrný kvocíent mg pyroxenu z pyroxenických skarnů a z amfibolických
skarnů,

Number oř
Average mg ILocalíty Rock sarnples Author

Lokalita Hornina Počet Průměrné '" Autor
vz.orků

Pernštejn pyroxene skam 24 44 Pertoldovápyroxenický skarn (1986) 
amphibole skarn

7 61 amfibolický skarn

Županovice pyroxene skarn 14 25 Pertoldovápyroxenický skarn (1986) 
amphíbole skarn

9 48 amfibolický skarn

Kottaun pyroxene skarn 128 21 Gotzingerpyroxenický skarn (1981) 
am;phibole skarn

16 56 amfibolický skarn

The oxídatíon state nf íron ís \čarri.'aIb1e, but Fe3+ does not exceed 15 % a'f
total Fe (Fig. 3). An exceptíon is a pyroxene Irorn nollows in the Vlastě jovíce
skarn, in Wihiah 25 % nf total Fe ís trívalent I Ž á č e k 1985). Thís pyroxene
has also hligh Al203 corrtent 12.09 wt, %).

MnO ot ipyroxene shows rnostly a relation to its FeO eontent. If FeO in­
creases by 1 %, MnO íncreases approxímately by 0.07 % IN ě m e c 1970a).
The rhighest MnO contents are characterrsttc of the Zupanovíce and Kottaun
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g: Tab. 2. Average contents of some oxides in pyroxenes (M. %). .
Accordíng ,to Gčitzonger (1981), Žáček (1985) and Pertoldlová (1986).

Tab. 2. Průměrné obsahy některýdh kysldční.ků v pyroxenech (hmlOlt. %).
Podle Gčitzinger (1981), Žáček (1985) a Pertoldová (1986).

I Localíty Number of MgO MnO Alz03 NazO

Lokalita
sarnples Average Range \ Aver.age Range I Average Range I AveragaPočet vzorků Průměr Rozsah Průměr Rozsah Průměr Rozsah Průměr

Županovice 25 6.15 1.48-3.50 -2.01 0.20-1.90 0.64 0.03-0.56 0.17
Kottaun 40 - - 2.19 - 0.48 - 0.42
Permštejn 33 8.83 0.34-1.20 0.76 0.21-2.19 0.89 0.06-1.05 0.41
Vlastě jovíce 6 5.77 0.16-1.48 0.53 I 0.50-2.09 1.27 0.33-0.65 0.45 I

Tab. 3. OhemícaI composítíon of oummtngtoníte, anthophyllite and f:ay.alite (wt. %).
Taib. 3. Chermckě složení cummíngtonttu, antořylítu a faya,l.ftu (Ihm:ot. %).

Num-/
/ /

I TiOZ/ /Fe2031

I

I I I Na20 Iber Míneral Locality Si02 Al203 FeO I MnO MgO CaO Author
Cís.

1 Cumrning- Zupanovice 45.70 0.00 0.43 - I 43.07" 3.54 3.75 0.44 0.06 Per t o l d o v á (1986)
2 tonite Pernštejn 47.18 0.11 0.52 - 44.88" 2.54 0.59 1.14 0.03 Pertoldová
3 51.24 0.00 0.78 - 30.31" 2.14 11.71 0.72 0.10 Pertoldová
4 50.93 0.00 0.80 - 29.32" 1.78 14.56 0.57 0.13 Pertoldová
5 51.95 0.04 1.68 - 27.09" 1.19 14.24 0.70 0.10 Perto-Idová
6 53.82 0.25 1.64 1.16 25.52 0.37 14.48 1.43 - Něm e c (1971 )
7 Sejřek 50.43 0.02 0.80 2.08 33.07 0.69 9.48 1.88 - Němec
8 51.23 0.20 1.02 0.35 30.45 1.08 10.82 2.63 - Němec
9 Ruda at 52.09 0.12 0.99 0.00 33.86 0.27 9.89 1.66 - Něme c

10 Caohnov
Kottaun 51.95 0.03 0.96 - 25.60" 0.09 16.85 0.58 0.16 G či t z ing e r ( 1981 )

11 Antho- Pernštejn 50.88 0.19 7.16 - 23.58" 0.40 14.04 0.15 0.60 Pertoldová (1986) I
12 phyllite 45.04 0.18 9.90 - 22.73" 0.66 17.38 0.16 0.93 Pertoldová
13 Fayalite županovíce 30.40 0.00 0.00 - 62.14* 6.31 1.14 0.00 0.00 Pertoldová

* Total Fe as FeO. - Celkové Fe jaiko FeO.



localities (Fig. 1), which are also rtchest in Fe. There, MnO attaíns up to
3.5 wlt. %, that is 12 % of the johannsentte component.

Nevertheless proncunced regíonal dtřřerences also exist (Table 5). Thus,
pyroxeries of the Zupanovíce and Vlastějovíce skarns possess almost ídentícal
average FeO conterrts, but dířřerent MnO contents.

The Na20 and Al203 contents of the pyroxenes .exarnaned are varíable, but
low. 'I'hls ís usual with the skarn pyroxenes. Consíderable differences, partí­
cularl y in the Al203 contents, exíst arrrong índívídual localttíes (Ta'ble 2). In

2

5

,3

Fig. 3. FeO and Fe203 contents [direet deterrmnatíons, wt. %) of pyroxenes (Jí calcíc
skarns [dots}, magnesían skarns [tríangresj and of crystals in a eavity in pyro-xene
skarn, Vlastějovtce [open eircle).
Obr. 3. Obsah FeO a Fe203 [přímá stanovení, hmot. %) pyroxenu skarnů Ga [plné
kroužky}, skarmů Mg [trojůhelníky] a krystalů z dutin pyroxeníckého skannu, Vlastě­
jovace [prázdné kroužky).

75 l'yralsp
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GroS$ Anl1r

Ftg. 4. Composí tlonal dístrtbutíon (JI garnets, plotted ín terms of grossularíte [Gross),
andnadíte (Andr), and pynalsptte [Pyralsp). Figures give numbers of poínts in shaded
areas.
Obr. 4. Slo~ení granátů, vyjádřené složkou grosularovou [Gross}, andradítovou [Andr)
éII pyralspttovou [Pyralsp}. Čísla udávají počty bodů ve vyšrařovaných plochách.
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the Zupanovíce skam, PY'I10X8ne associated wrth amphíbole, an Al-bearíng mi­
neral, 11S also rích in. Al1203 (Ira!nge 0.7-1.2 wt. %; averag e 0.83), whereas py­
roxsne nf aanphíbole-nree assemblages ís lnW(ffi' in A.I203 (range 0.2-0.6 wt. %;
average 0.34).

Gamet. An overvíew on the chemístry of garnets ~s gíven by Fig. 4. The
pornts cluster there ·tn two separate branohes, the grossulerue-endradíte one
and the grossularlte-pyralsptte one. The řormer ts identical to garnets oř prí­
mary skarns, These garnets occur iJn the cores of the skarn bodíes, řormtng
monornínenal aggregates or they are díssernmated in the ipyroxene skarn, Gros­
sularíte-rtcti garnets ,a,r€ absent: however, this is also cornrnon Ln prírnary
skarns (E i n a li d i and B li 1"1 1982), On the other hand, almost pure andra­

·di1e does occur: it ís especíally pure Ln the Kontaun (G Ď t z ing e r 1981).
'T,he nt/her gamet trend corresponds to grossulerne-almanoene, wiťh al­

mandtne mostly prevaílíng over grossulartte. This gamet appears in most ger­
net-pyroxene skarns and in all amptnbole-rích skarn typ es. Pyralspíte ís a gar­
net of margírral gamet-bíotíte schísts and assocíated rock types.

The proporoíon oř spessartíne ís very 10W' ín grossularrte-andradíte and
alrnandíne (Fig. 5), but mcreases in grossulerřte-pyralapíte, where it attaíns
a maximum Qif 25 %. However, stmílar to Ipyr:oxene, the MinlO con181I1i1: oř garnets
is determíned prírnaríly by local íactors. Skarns rtoh in Min [Županovice, Ko1-
taun ] also have spessartíne-rich grossulartte-pyralspítas.

Spess

o
o ,

o ••

i.0. o' o
•• Ift· ••••• • ••

•••·o.'-oL--~ ~·_'~·__ ·_· _.-'I.
•

Gross.Anctr 20 60 Alm'''yr

Fig. 5. Composrtíonal dístríbutíon af garnets, plotted ín terms of grossularíte + andra­
dMe (Gross, Andr), almandine + pyrope (Alm, Pyr}, and spessartine (Spess).
Obr. 5. Složení granátů, vyjádřené složkami grosular + ·audradit (Gross, Andr}, alman­
din + pyrop (Alm, Pyr) a spessartín [Spess}.

The 1PY'.r:orpe component ~n grossulertte-pyralapíce ts Iow (lat most 8 %).
In aímendtne oř the almandíne-btotřte schísts , tt -rncreases up to 20 %, the
content comrnon iln garnets of 1Jhe wall-rock gamet-bíotíte gneísses, A maxí­
llJlUim: of 26 % ha.s bean f ound (P e r 1 O> 1 d o' v á 1986) in a gannet of an antho­
phy'llíte-gaenet scbíet [ the Pernštejn skarn ] , an essemblage especíally rich in
magnesíum;

Almandíne and grossulartte-almenríííne are mtnerals typícal of regíonal
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metaanorprnsm. A řorrnatíon of the Iatter reqoíres, ín addítrom to a suítable
host rock composítton, also PT condítíons at least of the almandene-arnphíoo­
líte racíes (N ě m e c 1967). In prmrary skarns only grossularrte-spessartíne
cen orígmate.

Calcíum-alurníníum arrrphjboles. This type predorntnates in skarns and mar­
ginal rocks. It ís sparsely scattered Ln pyroxene IS:kwrn:s, but suoordínately also
řorms major constttuent of rocks. In Lea k e' s (1978) classířicatíon schema,
varíous names could be given to índívídual amphíbole samples. However, they
are esserrtíally of one type. Namely, as Fig. 6 shows, they cluster ín one series
strecníng between horrrblende, and řerropargasíte 'DT ha.stingsite (P e r t o 1 d o­
v á 1988, wlho determtnated onlv to'tal Fe and computed Fe3+ řrom crystal řor­
mulae, underestimated the Fe3+ contents; direct Fe3+ deterrntnatíons gave
essentíally higher values - Něm e c 1970c).

J.O

.
uch . "'9.;. .•.

• ,: ~4 4.....,.::~ ...· ...... · •. . ..,_ . 
1/& Id. · .. .
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1.0

0..0. 0.5 1.0. 

Fig. 6. Composítíonal distrtbutíon of amphíbolss, number oř atoms p. f. u. Tsch - rscher­
makite, Prg - pargasite, Hb - hornblende, Ed - edenite, triangles - pegmatite
amphiboles.
Obr. 6. SLožení errrříbolů, počet arromů ve řormulové jednotce. Tsch - tscherrnakít,
Prg - pargasit, Hb - obecný amfibol, Ed - edenit, trojúhelníky - amfiboly z peg­
matitů.

Fig. 7 ddsplays the řollowíng' data: mg nurnber' of almost all arnphíboles
does not exceed 50, even not in Mg-rích asserrsblages; evíderutly, arnphíbole is
a concentratcr of ícon. A'IIliPhi!boles híghest Ln liiI'oil1 are from magmetíte-con­
t1a'tnihg pyroxene skarns ,and contamínated skann pegrnatítes. Alumína contents
of arnphíboles vary according to parageneses, íncreasíng in the rock sequence:
gamet-pyroxene skarns, garnet-ampbtbole skanns, margínal skarn assemblages
(varted hornřelses, almandme-bíotete schísts, alrnandíne-empníbole schísts}.
I1 ís clear tnat amphíboles reřlect the alurntna level of the host rocks.

F:ig. 8 shows comparíson of tne contents of alkalís Ln ŮIlIl!phiboles from
skarns at Pernštejn and Županoviee and řrom skarn pegmatites of various 10-
calítíes. In the grven sequence, the sum oř alkalies and especially the
K20 contents increase. The Na a K contents found rn the amphíbol es nf the
Pernštejn Iocality are' typícal for Ca-Al amphíboles, but in the other two
gr oups , the K20 contents are aoove-average. W)hM rerers to pegmatíte arnpb í­

bol es, hosted by postasstum-rtch rocks, it ís no suopríse. However, expltcatíon
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Fig. 7. Composítíonal distribution of amphiboles, plotted in terrns nf Mg, 1: Fe, and AI
(at. %). Assernolages: garnet-amphíbole skarns ( crossesj, garnet-pyroxene skarns
(Andrew crosses}, pyroxene Ca skarns and mag;netite-bearing garnet-pvroxsne skerns
(dI~a.monds), rooks ot skann margtns: varied hornfelses, almandíne-btotíte and amphi­
bole-bíotíte sehísts (dots), contaminated pegmatites (triangles).
Obr. 7. Složení arnříbolů, vyjá>dřené [ejích obsahy Mg, 1: Fe a AI (at. %). Asociace:
granattoko-amnboltoké sloarny (kříž'ky), granáticko-pyroxendcké skarny (šikmé křížky),
pyr.oxenioké skannv Ca a granáttcko-pyrcxenfdkě skarny s magnetitem [kosodélnlky},
horniny skarnových okrajů: pestré rohovce, almandinicko-biotitické a amfibolicko-bio­
titické břidlice (body), kontamínované pegmatity (trojúhelníky).
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Fig. 8. Na20 and K20 contents (wt. %) of amphíbolss.
Solid tr iangles - Parnšte jn locality, dots - Županovice Iocalíty, quadrangles - skarn
pegrnatttes, open trtangles - prírnary skarn, Ginevro (Elba). Field of usual alkali con­
tents in alJ1l1jJhiboles of varíous genesís is enclosed by broken line.
Obr. 8. Obsahy Na20 a K20 (hmot. %) amříbolů.
Plné trojůhelníky - lokalita Pernštejn, body - lokalita Županovice, čtverce - peg­
matrty ve skarneoh, práedně trojúhelníky - primární skarm, G'Ínevro (Elba). Pole ob­
vyklých obsanů alkalií v amfiboleoh různé geneze je vyznačeno čárkovanou linií.

61 



must be searched fOT skarn arnphíboles. The skarn amphiboles ortgínated during
an ínvasíon of the skarrrs by a granítíc gneíss metatect set free duríng mígma­
tízatíon of w(aHroc!k gneísses [N ě m e c ~968a). Possíbly alkalis ln skarn arn­
phíbol es reflect the character of the metatect.

Cummíngtoníte and anthophylltte. oummmgtontte is rare in the skarns.
Prdmary cumrntngtoníte appears on ly in tne nornblende +i almandine assern­
blage accompanyíng marginal almandíne-bíotlte schísts in some skarns of the
Svratka metamoephic complex and the Kottaun area. Both areas represent
íntermedíate metamocphic zones of the alrnanrííne-amphfbolíte řacies. In the
Moldanubicum, in the Zupanovíce and Bělčovíce skarns, cummdrigtoníte deve­
loped by the breakdow.n oif fayallte and by the alteration nf homblende.

11he prímary cumrníngtonjte oř the ska:rn margíns ís usually Mg-rich
[Ta'ble 3). It ořten slhows the begírmíng of alteratíon to. hornblende due to a Al
and Oa addítion. In the Pernštejn skarn, a Fe-rích cummtngtontte [gruneríte ]
almost free Irom MgO has also been found (Table 3). Its assernbíage ís extraor­
dinarily Fe-r ích and Mg-poor [only 1.00 wt. % MgO in hornblende, 0.54 wt, %
MgO in almandine). Grunerite could ortgtnale through reaction: magnetite +
quartz = grunerite. The magnetite + quartz assemblage ís common in the
skarns of the Svratka metamorphic complex.

In the Župan'nvice and Bělčovíce skarns, a Fe-rích cumrníngtoníte ortgí­
nated through the breakdown of fay;alite, whích ís essentíally an olívíne hydra­
tion. Superf luous íron exsolved as magnetite dust. In these looal.ítíes, cum­
míngtoníte sometimes developed also through alteratíom nf hornblende, along
íts contacts wtth fayalite ar magmetíte, obviously due to a díffusíorial addttíon
of íron.

Anthophylldte has bee.n řound only in the Pernštejn and Smrček skarns.
In the nrst localrty, the host-rock ís a half meter thíck layer ím the marginal
skarn zone, consístíng of quartz wíth mínor anthophyll íte and almandine. The
same assemblage, w.ith addítíonal gahnite, occurs also in the second localtty
(N o v o Ln Ý 1968). The anthophylltte of the Pernštejn skarn ís MgO- anod
especía ll y Al203-richer than cummíngtoníte (Fig. 12, Table 3). Ohemlcally, it
Iíes iln the anthophvllíte-gedrute boundary, Both curmníngtoníte and anthophyl­
ltte originated in the Pernštejn skarn under ídentícal PT conditíons. The l'8IaSOIll
of appearance of curmrungtoníte in one rock and anthophyllite 'in the other,
evídently ís a dístenct CaO content of theír host-rocks. Cummíng toníte, which
contaíns some GaO, ís conříned to rocks relatívely rích in CaO: hornblende ís
abundant in thern and cummingtonite only balances a partíal CaO deficit of
the rock. On the other hand, arathophyll ite ís almost CaO-free. Its host-rock,
even though chemically símílar to the preceeding one, ís extremely low in CaO.

In contrast to curmntngrontte, very low in A1203' arrthophyltlte has an
Al203 content oompacable to that of hornblende. From thís poínt of view, antno­
phyllite substitut es tn fact in the Iperti;nent rock f'OIT hornblende (compaee also
Fig. 12). Thís víew 1S also supported by transíttons řrom anthophylbíte schlst
ínto a honnblende schíst.

Bíotíte. Bíotíte ís almost entírely absent in the skarn cores, but is abun­
dant in marginal skarn rocks, in partlcular in almandíne biotite schísts. It ís
preponderantly stderophylltte-eastoníte. For detaíls, see Něm e c [1969).
TIT,a:nsi1i:OI1Js froll1li wallrock gmeíss to margtnal skarn rocks are marked in its
cnemistrv, especíally Ln its Ti02 content. In the Župariovice localdty, its ave­
rage Ti02 contents are (wt. %): 3.1 [gmeíss}, 2.4 [oontact gneíss}, 1.5 (alrnan­
dlne-blotíte schíst ]. Tihe import of Ca [whtcti bmds AI], Fe and Mg from the
skarn cores causes basrřícatton of m'argdnal rocks. Thus, tne chernícal cormpo­
sttícn of bíottte changes, in the rock sequence given above, řrom eastoníte-sí-
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Ftg, 9. sil AI and (~g + Fe JI AI ratíos of biotites, Županovice locality.
Assernblages: gamet-bíotíte gneiss [dots}, the sarne, at the skarn contaot (open circles).
gamet-blotíte scbísts (triangles J.
Obr. 9. Poměr Si/AI a (Mg+FeJ/AIbiotítu, Župa'I1ovice.
Asociace: grenattcko-bíotíttcké rula (body), totéž, na kontaktu se skannam (prázdné
kroužky), granáttcko-bíotítf cká bi'idlice [trojúhelntky}.

derop:hyllite1:o phlogopíte-anmte, accordíng to the A1203 - (Fe, Mg) ° + Si02

substttution (Fig. 9). Concomítantly the alkalíníty, defined as the (N+/K)fA1
ratío, íricreases in bíottte,

Plagéoclase. Plagíoclase is a typícal minera1 oř margjnal skarn schísts
anď gneísses, Skarn eores are Ieldspar-řree. Hs Ca conrent dependes on tne
envjronrnerrt. In the Zupanovíce skern, olígoclase occurs an mantle gneiss,
Iabradoríte Ln contact gneíss and bytowníte iln a garnet-nornblende skarn. Va­
ríed honnřelses of the skarn margíns are hybride roeks. Heruce, composítíon 01'
theír plagfoclase ís varíable. It is mostly andesi:ne and bytowrute-anorthíte. The
!o'mn!eT ís assocíated w!il1:'h ahnandíne-cích gaeriets, the latter wíth grossulari­
te-rích garriets. For detaíls, see Něm e e (1979b).

Epídote. Dpidote appears in skann epídosrtes and in posteríor vernlets ..
The range oř Al/Fe3+ substítutíon in it ís 25-34 %. Thjs ís almost the maximum
ir·OIU saturatíon jpossiible. For anal yses, see Něm e e (1975Ib).

(b) Magnesían skarns
Pyroxene of the magnesían skams in díopsíde or Mg-rrie:h salíte (mg

66-92). Its Fe3+ arnounts mostl y to 20-430 % of total Fe and ís signifieantly
hígher than that of the calcíc skarn IpYlf,nxene' (Fig. 3). Míca of iI:'he magnesían
skarns ís phlogopíte with mg mostly 82-91 (N ě m e e 1969). In roeks tramsí­
tíonal f!r'Om cnagnesian skarn to gmeíss, ~g of mecas decreases to 75. Al203

varíes consíderably in phlogopíte, perheps due to the presence or absence of
spínel in the rock. The 'amfphi,bo1e type proper 1:0 magnesían skarns ís trerno­
lite, řound especíally in the Slaitina skarn, However, hornblendrtíc amphíbole,
oeígmated poobably under an mput from calcíc skarns, ís more flI'equent. Olt­
vine, prolbalbly rorstertte, ís e01011>1:11ess or yellowísh in Í'hiln sectíons. Spinel has
not been examdned chernícally. It ís d.arrk green under a mícroscope and, the­
reřore, prooably rích in tlhe herreyrrite component.

(e) Marible:s
Minem'ls of rnarbles have been exam.ined in the Iocalltíes of Kottaun

(G ti t z ing e 'r 1981), Pernštejn (P e r t o ld O' v á 1986) and Kuklík (N o v á k
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1988 J. In the first two localities, marble fODII1Is small bodies directly iJn the
skarn, and a't Kuklík, it fOI1IIljs a thíck layer at the skarn contact. In the Kot­
taun skarn, carbonate ís an almost .pure (96 %) calcíte w,~th a rhodoníte ad­
míxture: other mínerals of the rock correspond to those oř a normal skarn.
Carbonete oř the Kuklík skacn ís dolomite. Far the chemícal analyses of tne
silicates of the Kuklík and Pennštejn localities, see Table 4. All the sílícates
are magnesían endrnembers of the pertínent seríes. They correspond to mine­
nals oř marbles not associated wíth skarns (No v á k 1988).

Tab. 4. Mínerals of carbonate rocks assocíated with skarns (wt. %).
Tab. 4. Mínerály karbonátových hornin sdružených se skarny (hmot. %).

Localíty
Lokalita I Pernštejn I Pernštejn I Kuklík Kuklík Kuklí.k

Author
I

Pertnldová I Perto!dová
I

Novák

I
Nová.k

I
Novák

Autor (1986) (1986) (1988) (1988) (1988)

Míneral I Diopside I Tremolite I Tremolite I Forsterite I Phlogopíte

Si02 53.77 57.55 57.40 40.14 41.24
lli02 0.02 0.00 0.06 0.01 0.84
Al203 2.09 1.19 0.65 - 14.83
FeOtot. 1.83 1.82 0.40 1.24 0.49
MnO 0.05 0.07 0.00 0.04 0.00
MgO 17.32 24.05 26.18 57.34 29.01
CaO 24.98 12.20 13.06 0.00 0.05
Na20 0.26 0.06 0.07 - 0.22
K20 0.00 0.06 0.07 - 8.87
F - - - - 0.65
H20+ - - - - 4.04

Tota! I 100.32 I 97.00 97.99 98.77 100.24
Součet
0= 2F I 0.27I

Corrected total - Korigovaný součet 99.97

Chemlical e q u í l í b r í u m

Partttíon coeřfícíents. The skarns under study show polyphase develop­
ment. Detaíled examínatíons of rníneral graíns by electrone mtcroprooe, even
ín mmerelogtcally homogeneous assemblages, have revealed heterogeníttes not
only arnong índívídual gea íns, but even Wiilh.in índívídual graíns (G Ď t z ing elf
1981). Notwíthstandjng, the distrfbutíon of elements between coexístíng mt­
nenals poínts approxímateíy to chemícal equílíbríum as dernonstrated for the
pyroxene/hornblende and cummengtcnrte/horrrblende paírs (Figs. 10, 11). The
distributions obsenved aJPlprolach those given in the literature (P e r č u k 1970)
fOlf the rnínerals. Fig. 11 shows that in one sarnple, in addutlon to hornblende
equilibrated wíth cumrníngtontte, two řuroher nonequlíbrated hornblendes,
perhaps of another ongín, oceur. A mmeral, usually not squilíbrated With
skarn silicaotes, ís magnetite. It replaces them often drasuccally (see below}.

Number oř mineral phases. The number of mineral phases of skarns com­
plíes with the phase role. TMs can be dernonstrated in míca- and řeldspar-řree
rnargínal assernblages of the Pernštejn skarn, Si anod AI are always theír maín
cherndcal components, Na, K and sometírnes Ca or even Mg may be excluded
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Fig. 10. Distníbutíon of Fe and Mg between pyroxene and arnphíbole in pyroxene skam,
Px - mg rrumber tQf pyroxene, Am - mg mumbsr oř amphibole. Dots - Pernštejn
skarn, open círcles - Županovice skarn.
Obr. 10. Distribuce Fe a Mg mezi pyroxen .a amříbol v pyroxeruekých skarnecn.
Px - ~g pyroxenu, Arn mg amfibolu. Body - skarn u Pernštejna, prázdné kroužky
- skarn u ZUlpaIllovic.
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Fig. 11. oampositional dtstníbutton of coexisnng hornblandes and cummíngtoníte, in
terms of Mg, 11 Fe, and Ca.
Dots wíth asterísk - homblendes derJved f110m one and the same sample. Anth
range of emthophylltte composítíon. Pernštejn and Sejřek skarns.
dbr. 11. Distribuce Mg, 11 Fe .a Ga mezi koexistující amfibol a cumrníngtondt.
Kroužky s čarkamí - amfibol pooházející z těhoě vzorku. Antih - rozsah složení anto­
fylitu. Skarny u Pennštejna a Sajřku.

as .índependent components due to theír very low conterats, Si is always very
aoundarrt. Thus, it ts .a superíluous oomponent wlhioh sometrmes makes quartz
appear as an addjtional phase, índependent trom all the others, The following
relatíons can be srated: In tne quartz +1 gamet assemolage, Ca and Mg are
very low and rorm a solíd solutíon i,n almandíne. All R2+ togetner act as one
component. In the pertinent rock, only one phase, in adddtton to quartz, ís
present. In the ACF diagram [Fdg. 12), the pojnt of the rock is close to the
almandíne síte. - The quartz +l garnet + anthophyllíte anod the quartz + gar­
net + cumrnmgtoníte assernblages are characterízed by very low Ca, but Mg
ís nOD híght to be fully accomodated ím gamet. Hence, Mg behaves as an in­
dependent component. Compared with the preceedímg assernolage, a řuother
míneral appears. In FJig. 12, the poínts 'oI these' rocks lie on the almanJdine
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anthophyllíte (cummingtonite) joín. - The quartz +1 garnet + cunmrníngtoní­
te + hornblende assernblage ís characterízed by high Mig and Ca. They both
act as índependent cornponent: hence, a řuether mineral, comparsd with the
preceedíng assernblage, is present. In Fig. 12, the point Iíes within the triangle.

In such a way, unstable assernblages can also be detected. Thus, in one
roek sample having the quartz +1 gamet + cumrníngtonite assernblage, Mg is
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Gross'Andr

P.x. Cgt F

Fig. 12. ACF diagram of skarn assemblages, Pernštajn.
Gross-Andr _ grossularíte-andradíte, Px - pyooxene, Cgt - cummíngtoníte. Am -
hornblende, Anth - anthophyllíte. Garnets coexístíng wíth pyroxene (1), hornblende
(2), cummíngtontte (3), and garnets of amphíbole and pyroxene- free assernblages (4).
Data řrom Per t o 1 d o v á (1986).
Obr. 12. Diagram ACF skarnových asociací, Pernštejn.
Gross-Andr - grosular-andradít, Px r--; pyroxen, Cgt - cummingtonit, Am _ ob. arn­
fibol, Anth _ antořylít. Granáty koexistující s pyroxenem (1), ob. amfibolem (2), cum­
mtngtonítem (3) a granáty asociací bez amfibolu a pyroxenu (4). Data převzata od
Pertoldové (1986).
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Ftg. 13. Mg and Fe dístríbutíon between cummíngtomte and gamet, Pernštejn skarn,
loon number Fe/Fe + Mg X 100. Broken line - aquíljbríurn dtstríbutíon, according to
Marakušev (1966). Data from Pertoldová (1986).
Obr. 13. Dístníbuce Mg a Fe mezi cumrrnngtonít a granát, skam u Parnštejna.
Kvocíent Fe - Fe/Fe + Mg X 100. Čárkovaná linie - rovnovážná distribuce podle M a r a­
k u šev a (1966). Data převzata od Pe r to 1 d o v é (1986).
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extraordlnarily low to be an índependent component, If the assemblage ís
equililbrated, the number of phases ought to be lower by one, Evždently, thís
índícates chemícal dísequíitbríum; as ís also documented by F.ig. 13. There,
the íron nurnber (Fe/FeO + MgO X 100, at.) Qlf cummíngtoníte and coexístíng
alrnandíne nf the skarns are plotted. WhHethe points of all other samples lie
near the equílíbrdum line gíven by M a r a k u šev (1966), the poínt of the
rock discussed ís far řrom it.

Regional m et a m or p h í s m

The skarns are premetamorphíc unit and have beem. already regíonally me­
tamorphosed, This is conspícuous partícularly in sígns of theír tectonícal de­
Iormatton and theír mineralogy.

(1) I'ectonísrrr. 'I'ectonlsrn is evídenced espeaially in wallrock gneisses
and varied margínal skarn hornřelses by tneír detailed plastíc řoldímg. In cen­
trast to thern, the skanns be'haved as corrspeterrt bodies and the paragneíss
ínclusíons in them retadned theír monoschernatíoal structure and straíght fo­
líatíon planes. Skarns yielded to stress only by Iracturíng and theír řragments
have been sometímes transpcrted as elíptí c boudíns through marbles or gneís­
ses. Bandmg in tlhe skarn boudíns and íolíatíon nf the enclosíng gneisses
are parallel, but sometímes ínolude obtuse angles (N ě m e c 1979). Ore explo­
ration has shown that whole skarn bodtes represent, in tact, large-scale bou­
dins enclosed plastically by their mantle gneísses.

Ftssures in skarns served as paths for granitic metatect penetcatíng into
the skaens řrom wallrock gmeísses, whíoh gave rise to contamlnated pegrnatí­
tes, and veinlets of amphíbole and grossularíte-almendíne ín pyroxene skarns,

(2) Mineralogy. In the skarns, only mdnerals stable under PT condítíons
of region.al metamoophěsm are present. Thus, they contaín abundantly horn­
blende which is absent in the primary skarns, except fOT very few occurrences
(for instance, Gmevro in the Elba; Dimanc'he 1970). Símílarly, almandíne
and grossulartte-alenandíne do not occur Ln the primary skanns, but are abun­
dant vn regionally metemorphose - rocks. Almandíne appears sometímes as
veínlets even dírectl y in 'pyroxene skarn (Županovice). GrossularÚe-almandine
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Fig. 14. Content oř pyrope (mol. %) in grossularite-almandine, županovtce and Perrr­
štejn skarns.
Data fJ.1OIll Pertoldová (1986).
Obr. 14. Obsah pyropové sloěky (mol. %) v grosular-almandínu, skarny u Županovic
a Pennštejna.
Data převzata od Per t 01 d o v é (1986).
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ís oř specíal ímportance Ior the paragenesís. In skarn cores characterízed by
ícon-noh minerals, íts presence precludes the appearance of the .pyroxene +
plagíoclase assemblage, tvpíca! for .prírnary skarns [un Fig. 12, the pyroxene­
plagioclase [oínt cuts the gamet line; .hence, the , reaction Pyrox + Plag =
Gross-Alm takes place ]. Under PT nf almandlne-arrsphíboltte facies, grossula­
rtte-alrnandtne cam accornodate only little pyrope (its share depends on the
grossularíte .and andradtte content of the gamet; Fig. 14). Thus, in marginal
rocks of skarn bodíes, where M!g content of pyroxene increases, the pyroxe­
ne + .plagíoolese assemlblage ís often preserved (for ínstance, in the Budeč
skarn ).

Possíble consequences of regíonal metamorphísm of the skarns are also
tne general occurrence o.f pwrhotíte (pyrtte ís only a scarce posterior fissure
mineral ] and the absence of .hydrothermal alteratíons around írnpregnatíons
of ťhe sulphíde ore.

In the skarns o,f the Boherníen-Moravian Heíg'hts, sorne mrnerals typícal
of primary skarms, but unstable under PT !Q!f regíonal metamorphísm, are absent.
It refers especíally to vesuvíaníte and ilvaite (for ccndítíons of theír develcp­
ment, see Hachell.a et al. 1982.and Gustafso,n 1974). If they occa­
síonally appear in tne skarns, they are product eíther of retrograde meta­
moqphísm (ilvaite in řtssuces of the Županovice skann: Něm e c 1954b) or

óř interaction of postmetamorphic igneous magrnas with the skarns. Such
is the origin of vesuvianite lining contacts of pegmatite dykes in the
Líšná skarn, and of vesuvianíte in pyroxene skarn at Hostákov [the skarn
body ís a part oř a paragneiss block íncluded in the granosyenite massíf oř
Třebíč; Houzar and Němec (1985).

(3) The type of minerals preserit in skarns agrees wíth the metamorphíc
grade nf the area. Thus, the skarns of the Svratka metarnorphíc cornplex, Wlhich
has been metamonphosed in the medium zones of the almandme-amphíoolite
facies, contaín abundantly epídosítes and sparse Ipl'lilffi'ary haernatíte and cum­
míngtoníte. In the skanns of ťhe Mo'ldanubícum wlhich has been metamorphosed
m'o'stly to the htghsst zone of the almandilne-amjplhi'balite facies, the riamed
assemblage and mínerals are a'bsent. Only in the Županovice area, whích, even
though it also belongs to the Moldamibtcum, has been metamorphosed to a
sornewhat lower zone oř this facies, do epídosítes and cummingtonite rarely
occur.

(4) Ohemícal chariges during metamonphísm. Reg íonal metamorphísm has
been connected wíth rmgrnatízatíon of gneísses enclosing the skarn bodíes,
in the course of whích sorne elements became molbile. The cornposítíon of the
skarn rnmerals řorrned in this period Sh'OWíS that water, řluortne and compo­
nents of řeldspars (Na, K, AI) have been íntroduced ínto the skarns. The mn­
bility of alumína must be eepecially ernlphaslzed, because dt behaves mertly
durřng processes of prímary skarnízatton, Of skarm components, íron also
became partly mobile, whereas Mg remained ínert, This LS ínřerred from veín­
lets penetratíng the skarns, wlhiah are formed a,f íron-cích minerals such as
hornblende, -almandíne, grossulartte-almandíne, and fayalřte. Probably also in
tnís ,period tne margmal Ieldspar schísts hlave been partly converted ínto
almandtne-bíotíte schísts through an íron íntrusíon řrom tne skarn cores (see
below] .

(5) Three phases of regíonal metamorphísm can be recognized in the
skarns, The f írst two have taken .place under PT of ťhe almandine-amphi'bolite
and cordíertte-empníbolite řactes. The older one is characterized by low PH20,

as documented by the sta'bility of the pyroxene-alrnandíne assemblag e. The
younger 'pha-se has been assocíated with migmatization of the skarn .mantles
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and has been characterized by high PH20. In thís stage, almandíne grains in­
bedded in pyroxene skarn reacted wit'h pyroxene, and hocnblende coronas
developed around them. A two-stage progressíve metarnorphrsm has been also
docurnented in West-Moeavlan granulítes (partial mágrnatízation of granulites;
Dud e k e t a 1. 1974), in metabasítes (amlplhi'boli'zatian of margins of serpen­
tinitebadies; Kud ě l é sk o v á et al. 1961) and In marbles (Navák 1988).

The most recent phase oř regional metamoephtsm represents its concluding
stage (C h á b and S u k 1977) and Is very restrícted. It ís characterized by
llooal actínol íthlzatlon, epído tízatton, prehnttízation, calcířtcatton and the origin
of fissure fillings (epidote, prehnite, caleíte; quartz, pyrite ]. Its PT corresponds
to. the greenschíst řacíes,

(6) Temperature of the progressíve metamoophísm, deduced on the basis
of mínerals and rníneral assemblages, has been estímated at 600-700°C by
the author (N ě m e c 1979), at 620°C ror the Kottaun locality by G ti t Z in­
g e r (1981) and at 650-700°C for the Zupanovíce and Pernštejn localities
by Pe,rt'Old,ová (1986). Gneiss mígmetítes oř tne two latter lcoalítíes
tormed, accordíng to Pertoldová, at a lower terraperature (aoout 600°C). This
also agrees with the two-stage progressíve metamorphísm coserved in the
skarns. Per t o I d o v á (1986) Iound prractically ídentícal temperatures of
gneíss mdgmatlzatlon in both Iocaldties. She coricluded that the ternperature
of metamorphísm of the Svraťka complex was ídentícal ta that of the Molda­
nubícum. Hawever, such a generaltzatíori ís not allowed, because the surroun­
dings of ŽU/panavice have been metamorphosed ta a somewnat lower grade
than the ather Moravían Moldanubícum, Gneísses oř thís area contaín dísthene,
and skarn contaín almandíne-bíotíte schísts, epídosítes and cummíngtoníte.

Gea,chemist'ry

The skarns of the Bohernían-Moeavian Heights can be classířded as iran
skarns. Cu and Zn ores are present in them only in subordmate quantities. IraTI
ores are represented by· magnetíte and comfíned exclcsívely ta tne skarn cores.
The remark of Pertald (in BeTnard and Pouba 1986) that magnettte
layers are ínterbedded ín gmeíss mantling tne ŽUlpanavi'ce skarn ís not corr o­
borated neither by field observatíons 001' any data in the literature. Haematite
appears very rarely, anly in skams af the Svratk.a metamorphíc cornplex, out
not in the Moldanubícum. [Haematíte descríbed řrom magnetite ores of the
skarn at Ruda near Vel'ké Mezířtčí - K 'a ut e k and Č ech 1974 - deve­
loped probably through an extraordínarrly íntensíve superřacíal weathering,
characterístic far the lacality). Iren contents nf skarn silicates vary accordíng
ta índívídual areas and localíties (Ta'ble 5).

All skarn have higlh Co content whích prevails over Ni (Fig. 15) and so­
metimes gave ríse ta cobaltíne (Svratauch, Budeč, Rešice). Bí in small arnounts
occurs unířormly throughout the skarns [Table 5). Only in the Skarn of Svra­
tauch dnes its quantity íncrease Ulp ta hundredths % (N ě m, e c 1975a). In
contrast ta Zn .and Sn, whích ere prepanderantly carnouřlaged in skarn silicates,
Bi cannot substítute ínto them and řorms separate Bi manerals [bísmuthmlte,
native bísmuth}, Gold is typical trace element of the skarns in the north af
the Svra1:ka metamorphic cornplex. AU skarns have enhanced ln contens, which,
far instance, in the Županovice skarn vary between 1 amd 35 ppm.

Mo and W are elernents dqpleted in the skarns of the Bohernían-Moravian
Heíghts. Their average Ma content ís anly 0.24 ppm (N ě m e c 1977). Molyb­
deníte has been řound only in some skarns ar' the central amd narthern parts
oř the svratka complex (Svratauch, Kuklík). The W content oř the skarns is
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mostly below 1 ppm. However, W ís an element typical oí the more recent
Variscan acid plutoníc rocks. In all places where scheelite has been found in
the skacns , ralations to Vartsoan ígrieous rocks are obvíous. Thus, in the skarn
of Vepřová, scheelite occurs in a skarn penetrated by pegmatite dykes, and
in the skarn at Hostákov, W derives řrom the gr.anosyenite of Třebíč, which
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Fig. 15. Ni and CO' oontents [ppm}, sectíon across the Pernštejn skar n.
Ni _ cíccles, CO' ._ dots. 1 - gneíss, 2 - m1ica schíst, 3 - garnet-bíotíta gneíss at
skarn conte ct, 4 - garnet-biotite schíst, 5-13 - skarn assemblages. Data fram P e r­
t a I d a v á (1986).
Obr. 15. Obsahy Ni a CO' [ppm), řez skarnern u Pernštejna.
Ni - kroužky, CO' _ body, 1 _ rula, 2 - svor, 3 - granáticko-biatitická rula v kon­
taktu se skarnem, 4 - granáttcko-btotíttcka břidlice, 5 až 13 _ skarnavé asociace.
Data převzata od Per t o 1 d o v ě (1986).

Tab. 5. The average contents of some elements in magnetite-free pyroxene skarns.
Tab, 5. Průměrný obsah některých prvků v pyroxeníckých skarnech prostých magnetitu.

The Svratka Přísečnice I
Area Moravský metamorphíc [the Krušné

Oblast Krumlov
Žďár Županavice cornplex hory Mts.,

Svratecké western
krystalinikum Bohemia)

I Fe[wt.%) '8.8 13.1 18.3 17.3 14.7
Mn [wt, %) 0.17 0.40 1.6 0.83 0.48
Zn (ppm) 130 n. d. 370 760 'no d.
Sn (ppm) 57 310 39 17 ri, d.
Bi (ppm) 2.4 n. d. 3.4 2.5" n. d.

• Tne skarn oř Svratouch is excluded,
Skarn u svratouchu není zahrnut.
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íncludes the skarn-contaíning paragneíss block; the gra:nosyenite crystallized
rrom a magrna especíally Tich in W (H o u z a r and Něm e c 1985).

Fhiríne ís relatívely hígh in the skarns. In pyroxene skarns, its content
does not exceed 0.20 wt. %, but in phlogopíte, it attaíns 5.2 wt. %, and in
hornblerrde 1.4 wt. %. Fhrortne in the sloarns ís partly prernetamorphíc (for
instance, the quartz-řluortte pods in the Županovíce skarn ), partly imported
along with mígrnantíc metatect (N ě m e c 1968b) and pegrnatítes, w'hich often
contaín abundant řluoríte [Vlastějovíce, Líšná, Věcov, Žu:panovice).

The Mn content of the skarns is relatively low, but varíes in índivídua l
areas (Table 5). The skarns of the Županovíce area and even moce the skarn
of Kottaun are highest in Mn, The Fe/Mn coherence, usual in primary sk arrrs ,
ís conspícuous also in the Bohemían-Moravtan Heights. Far detaíls, see N ě­

m e c (1970a).
Zn contents nf skarns differ in tndívídual areas (Talble 5). 'I'hís is valíd

also far the Svrat.ka metamorphíc cornplex. There, the average Zn content of
pyroxene skarns i:s 150, 430 and 1260 PIPIlll in íts northem, central and souther.n
parts, respectível y. AIU Fe/Zn conerence, wellknown in prímary skarns (B u r t
1972, E i n a u d i and B u r t 1982), ís also observa Ie, but is 100se·1' than the
Fe/Mn coherence. In' skarns contaínbng high Zn in sllícates, sphaleríte occurs
abundantly (in partícular, Zupanovíce and Smrček}. Sphalertte ís alway esso­
cíated with pyroxene skanns, which are easily sullphidized, as demonstrated
experjmentally (Gamble 1982, Serdobmceva et al. 1986). In gneísses and
quartz-rích margtnal skarn schísts oř the Ž'Ulpanovice and Smrček skarns,
gahnite ínstead nf sphaleríte has oríglnated (N ě m e c 1973a).

Sn ís also varíeble in the skarns (Tahle 5). Especíally high is the Sn COIIl­
tent in the skarns of the Žďár area; there, Ujp to 0.185 wt. % Sn has been
řound in a hornblende sample (the Budeč localíty: Něm e c 1972). Cassiltertte
has not been detected there. However, ít ís wellknown řrorn primary skarns
.( E i n a u diet al. 1981) that Sn substítutes ínto skarn silicates during skarní­
zatíon processes, and only aíter theír alteration ís selt f.ree as cassíterite. Has­
tingsitic arnphíboles of prim ary Sn skarn contaín up to 0.8 wt. % Sn (K w a k
1983, 1987).

Mínerals oř sulphíde phases are mostly rare in the skarns, but sígntřícant
for their regional distlnction. The skarns of 1Jhe sazava a.nd Moravský Krurn­
Iov areas (Fig. 1) are very poor in sulphídes (only scarce pyrrhotíte and pyrjte
present}. In the skarns of the ŽUjpan<o,vice area and those in the south of the
Svratka metarrroephíc corrsplex, abundant pyrrhotíte, sphaleríte and chaleo­
pyríte, and scarce galena and arsenopyríte occur. For the Budač skem, abun­
dant pyrrhottte and chalcopyríte are typical, sphalertte and arsenopyríte are
very rare there. The skarns in the north of the Svratka comples (Ruda at Cach­
nov, svratouch ] are charaoterízed by relatively frequent arsenopyríte, and very
scarce chalcopyoíte and sphalertte: galena is entirely abserrt, The Svratouch
skann ís also unique in its ríchess in c ooalt in e, relattvely abundant Bi mine­
rals and tne presence of molybdeníte and natíve gold. For detaíls, see Něm e c
(1965).

Skarns a nd m' a ro l e s

Skarns and marbles are associated in terrain and posses many similarities,
as will be shown below. The West-Mora'V1an rnarbles have been charactertbed
recentlyby Novák (1987,1988) and Houza'l' (1988).

(1) Geologica'l settíng and shape oř bodíes. The marble bodies are in­
bsdded in biotite and btotdte-sílltmantte paragneísses and only exceptíonally
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also in ligh't coloured Gféihl gneiss. Their bodies are lentícular, whieh ís ex­
plained by their extraordínartl y high plastícíty (D li dek 1962). Duríng folding,
they were cornpressed and pushed into multtple folds. Theír thiekness varies
between several dm and 50 m, except for the Vratěnín [Drosendorř ] sertes in
the south, wnere tne marole layers are much thiC'ker. However, no skarns
oeeur tlhere. - By geologícal setting, and snapes and dímensíons of theír bo­
d,ies, tne skarns correspond to marbles,

(2) Rock types and mínerals. Dolomí tíc marbles prevail consíderably in
eastem part of the Moravian Moldanubícum, W:hereas ealeie marbles largely
predomínate in the Svratka metamorphíc complex (N 'o v á k 1988). The latter
are usually pure, but dolornítíc marbles are rieh in silieates (diopside, olivine,
phlogopíte, tremolíte}, whích sometímes íorm layers or schlíeren in them.
The mg number of the sílícates ís as follows: phlogopíte 95-100, arnphíbole
(tremolite, rarely pargasite) ~3-99, forsterite 96-99, spínel 92-97.

Aíso the calcíc skarns are rieher dn magnesía in eastern Moldanublcum
than in the Svratka metamorphíc complex [Table 5; Mg ean be estímated ae­
cordmg to the Fe figur es ). The magnesian skarns seem to correspond to the
silieate Iayers of the dolomttíc marbles. Exeept f.or magnetite, they consíst of
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Fig. 16. Dístríbutíon nf TiOz (wt. %) and of mg nurnbers in phlogopite of marbles (a -
19 samples; data of N o v á k 1988) and of Mg skarns (b - 6 samples l.
Obr. 16. Dlstríbuce TiOz (hmot. %) a kvocíentů mg ve flogopítu z mramorů (a - 19
vzorků; data převzata od N o v á k a 1988) a ve skarnech Mg (b - 6 vzorků).

Fig. 17. pzOs and TiOz (wt. %) dístríbutíon in 68 marble samples of the West-.MIoravian
Mcldanubícum and oř the Svratka metamorpluc complex,
Data from Novák (1987J.
Obr. 17. Distribuce P20S a TiOz (váh. o J v 68 vzorcích mramorů ze západomoravského
moldanubik'a a ze svrateokého krystalinika.
Data převzata od N o v á k a (1987].
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the same rntnerals having only a slíghtly different composítíons [compare Fig.
16). Spinel of the magnesian skarns seems to, be consíderabl y rícher in íron,
but H is there always assocíated with magnetíte.

(5) Mínor and trace elements. Elements behavíng mertly duríng skarníza­
tíon processes, <aIS Pand Ti, vary ín ;the skarns and marbles wíthín the same
ranges ( compare Fig. 17 wrth correspondíng dtagrarns in Něm e c 1968c,
1970b). Zn is <ff typícal element íntroduced ínto marbles 'by ore filuids durmg
their skarnízatíon, In the marbles, íts content ís mostly constant not exceeding
150 'ppm (Fig. 18). In ťhe skarns, it varíes very constderably, attaing sometírnes
hig1h values. Duly in t:he skarn of the Moravský Krumlov area, does Zn display
the same level as in the maroles; otherwise, it ís essentially higher (TabJe 5;
compare Něm e c 1973b).
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Fig. 18. Zn dístríbutíon (ppm) ín 61 marble sarnples of the Woest-Moravian Moldanubícum
and of the Svratka metamorphíc complex.
Data from N o v á k (1987).
Obr. 18. Distribuce Zn [váh. %) v 61 vzorcích mramoru ze západomoravského moldanu­
bika a ze svrateckého lorystaltníka.
Data převzata od N o v á k a (1987).

Premetamorphic genesis

Orígínal genesís of the skarns ís obscured by their regional metamorphísm.
Opíníons on their genesís publíshed Up to the year 1985 have 'been díscussed
by ťhe author (Ně'IDec 1979,1988). Recently, Pertold a n d Suk (1986)
consídered therru to. be decarbonízed ankerites, and Per t o I d o v á (1986) and
Per t o I d o v á et aI. (1987) as submartne-exhalattve íron ores. Nevertheless,
most řeatures nf the skarns řavour the idea oř theír development through a
hígh-temperature replacement of rnostly carbonate rocks by magmatogeneous
fluids and solutíon. The reasons for dt are given in the řollowíng paragraph
along wíth a discussíon of other hypotheses.

(1) General rsmarks. Exammatíon nf metamorphosed sedimentary Iren ores
(K I e i n 1973) as well as prímary skarns ovenprínted by regíonal metamor­
phísm (Newberry et al. 1986) have shown that oríginal structures and mi­
nerals are retaíned in relícts Ulp to a high grade of metamorphísm. The oldest
silicates of 'prtmary skarns originate at 400-650 "C (B u r t 1977, E i n a u d i
et aI. 1981), the skarns of the Bchernían-Moravlan Heights have been regi·onally
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metamorphosed at 600-700 "C, Hence some relíct assemblage could survive
in them.

If we subtract minerals of regional metamonplusm trom the skarn assem­
blages, díopsíde-hedenbergíte and grossularite-andradite, mtinerals typícal of
primary skarns, remain. Futhermore rock textures anod structures always show
that these mírierals are older than the mínerals of the regíonal metamorphlsm.
However, the question of wollastoníte remains open. High Pc02 usually pre­
vents its crystallization in regionally metamorphosed rocks, In řact, it ís missing
in the skarns under study (it has been found only exceptionally in quartz-cal­
cite pods in the ŽUlpanovice skarn; there, ít probably developed either duríng
retrograde metamorphísm 01' duríng the transition to the metamorphísm of the
Abukuma type - compare abundant corďierite in the wallrock gneisses). Ho­
wever, wollastoníte ís a charactertsttc mmeral of many primary skarn and its
relicts could be expected also in tne skarns under study, naturaly if it was ocí­
gínally present in them. Narnely, wollastoníte is absent, for instance, in low­
-temperature skarns of the pyroxene-garnet řacles (Ž a r i k o v 1968).

Among Algonkían sedimentary rocks of the Bar.randien region, which, for
tíme reasons, could be considered as the sedimentary equívalent of Moldanu­
bian paraseríes, no rocks chemícally cornparable to skarns are present. Hence,
Per t o 1 d a n d S u k (1986) consider the ankerite layer occuríng there as
premetamorphic material nf the skarns, It ís a known fact (K 1 e i n 1973) that
ankertte can be preserved under sufficient Pco, even UlP to the sillimanite zone.
However, relict marbles in the skarn bodies are of another type.

(2) Relations to magmatism. Prímary skarns are usually closely associated
with igneous massíts. So were they also in the Bohemían-Moravían Heights.
In associated orthogneisses, premetamorphíc greísens are sometimes pre-

Tab. 6. The average cornposítlons of orthogneisses assccíated with skams,
Tab. 6. Průměrné složení ortorui sdružených se skarny.

I LocaJity
Lokalita

Sázava
are a I Zlaté Hory I Budeč I Pernštejn

Number of

\
analyses 9 5 1 4

Počet analýz .-

Si02 76.27 75.56 74.53 73.80
Ti02 0.13 0.11 0.13 0.20
Al203 12.75 12,87 12.34 13.30
Fe203 0.25 0,29 0.42 1.02
FeO 0.78 1.06 1.53 1.28
MnO 0.02 0.03 0.05 0.04
MgO 0.16 0.23 0.63 0.40
CaO 0.83 0,73 1.47 0,85
Na20 2.78 2.83 2.64 2.97
K20 4.79 4.74 3.81 4.77
P20S 0,29 0.22 0.16 0.31
F 0.24 0.12 n. d. n. d.
H20+ 0.61 0.70 0.96 0.60
H20- 0.14 0.12 0.10 0.28

Total
I 100.04 I 99.58 I 99.24" I 99.82

Součet

" 0.47 % C02 in the sum - v součtu n. d. = not determined - nestanoveno
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sent if the regional metamorphísm permítted preservatíon oř muscovi­
te. The greísens are especíally abundant at orthogneíss/skam contacts
(Němec 1988). The same is frequently řound íriprtmaty skarns (Burt 1977,
E i n a u diet al. 1981). At the same time the skarns of the Boherní an-Moravian
Heíghts display a relatron to ťhe deep faults and detormatíon zones. Dnly the
skarns of the Zupanovíce and Polmá areas, which also lie on significant faults,
are at consíderable dístance from orthogneiss massifs. But even in some pri­
mary skarns, especially in those of the Zn type, a símílar situation exists
,( di stal skarns; E i n a u diet al. 1981).

'I'able 6 gíves the composítíons of orthogneísses assocíated with the skarns.
Per t 'o 1 d o v á (1986) is rtght in IPoinUng to theír ton acid character. Prímary
skarns, partícularly those nf the íron type, usually are assocíated with more
basic granltoíds (E i n a u diet afl. 1981). Regional metamoephísm can cause
cherníoal changes in rocks (M e hne r t 1968), but it is difficult to estímate
thern, It can be noted here that, for instance, in the western Krušné hory Moun­
tains (western Bohemia) comparable prímary skarns are also assocíated with
acid granites (H o t h and L o r e n z 1966, L'O r e n z and H o t h 1967,
S c h li t zel 1970).

(3) Features of metasomatísm and nf stage development. Metasornatícal
zonatíon and stage development are charactertstíc oř prim ary skarns. 1\he
skarns under study always 'have a pronounced core/margínal rook zonatícn
with 'sbaf!p contacts not only petrographícally, but also chemically and geo­
chemícally. Also small-scale zonatíon ís present, Thus, the hídden bodíes at
Věchnov show a marble - magnetíte - skarn - míca schist zonatíom (N ě­

rrr e c 1963a). However, a similar zonation is not as frequent as expected,
Some rocks of skarn margins dísplay a chernícal composítíon unusual ror

sedimentary rocks. Some rocks have high :M'gD assocíated wíth extremely low
CaD and alkalís. Several margínal types are even lower in alkalis than the
pyroxene skarn. Similar compositions suggest a special origin, perhaps by
leaching or metasomatism.

The autonorrry nf dístrlbutlon oř magnetíte ore in the skarn oodíes, stressed
already by K o u t e k (1950), is strfkíng. Magnetite ís always resctrícted to
skarn cores, but dtstrjbuted írregularly wíthout any relatíon to the shape of
skarn ibodies or the řabríc and layering of the enclosing schists. The chemícal
comJposiUon oř the host rocks ís mostly índependent řrorn the presence nf
magnetite and its quantity. For examples, see N ělITI e c (1963c, 1964a). It rs
most strlktng in rnagnesían skarns, whích are, in spíte oř theír extreme Mg
aoundance, selectívely míneralízed by magnetíte up to, ther entíre r:eplacement.
This clearly demonstrates a stage development so typícal for prímary skar­
nízatíon. Selectívíty of the Mg skarns for ore deposltíon seems to be due to theír
íron deřictency, making them chemícally unstable in relation to iron-bearing
fluids and solutions.

'I'he relatíons given above bear wítness of the only limited reaction abí­
lity of minerals dm-ing regíonal metamorphísm; The same is also suggested by
the magnetite + quartz assemblage, ořten encountered in the skarns in the
south of the svratka metamorphic complex, whích only exceptíonally reacted
to cumrníngtoníte, in 'Sipite of the Ipresence of hydroxyle-bearíng rnínerals in
the assocíatíon, All these facts contrast with theories explalníng ortgín of fhe
skarns by regíonal metarnorphtsm 'of heterogeneous míxed Iíthologíes, because
a very high reactívíty must be supposed.

Subtractrng mínerals of regional metamorphísm from skarn assernblages,
one- 01' two-phase assocíatíons remaín, a number usual in metasomatíc uníts,
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It eontr.asts with polyphase calc-stlícate hornřelses ( erbans j of regional meta­
morphísm frequent in the region under consíderatton,

(4) Index minerals. These mínerals can originate only under PT specíříc
for a paragenesis and are, therefore, typícal of it. So the high-temperature me­
tasomatic orrgín of the skarns is índícated by andradíte and pseudomorphs
after ilvaite. Andradite, whích ís eommon ím the skarns, originates in meta­
morphíc rocks almost exelusively under condttíons of eontaet metamorphism
(N ě m e e 1979, 1988). In regionally metamcnphosed rocks, it originates only
under extraordínaríl y high P02 (S i v a 'P r a k a s h 1983, N e w ber r y et ej.
1986; in regíonally metamonphosed sedímentar-y iron ores of Northern Míchi­
gan - H a a se 1982 - it oecurs only in vicinity of metabasite sills and pro­
bably is nf a contact metamonphíc type ). However, the errvíronment during re­
gional metamorphísm of the Bohemian-Moravian Heights has been preponde­
rantly strongly reduetive as evídenced by the Fe3+/Fe2+ rations nf skarn mine­
rals [hornblende, almandíne, mieas) developed in this period.

In the skarn of Kottaun, G o t z ing e r (1981) has stated pyroxene-mag­
netite myrmekites, whose bulk chemístry corresponds to ilvaite. Probably they
are pseudornonphs after it. The upper stabíltty limit oř ílvaíte ís 430 "C (G u s­
ta f s o n 1974), so that ís cannot survíve regíonal metamorphísm. Ilvaite is
a hydrotherrnal míneral oceurring praetieally only in eontaet metamorphíc
iron skanns. In the skarns oř the Bohemian-Moravían Heights, it has been found
only exceptíonally at Zupanovíce, as a fissure mineral of retrograde metamor­
phísm (N ě m e c 19641b).

There are also index mínerals characterístíc of high grade regional meta­
morphísm of sediment-ary iron ores such as orthopyroxene and aegirine (K I e i n
1973). These mrnerals are absent in the skarns um.der study.

(5) Nature of replaced rocks. As shown above símilarttíes exíst between
rnarbles and skarns suggesting that skarn cores could be skarnized marbles.
Due to their rlg ldíty, the skarn oodíes could hardlv have aohieved their lenti­
eular shapes through tectonísm: more pronably the rnarbles were folded be­
fore theír skarnízatíon. The entire 011' the alrnost entire replaeement of marble
bodies by skanns, .observed in most loealieites, could have been due to the
small dímensíons of the marble bodíes.

E i n a u d i and B u r t (1982) notieed that skarns-after-earbonates usually
inherit the ehemistry of the earbonates réplaced. Possíbly it ís the reason why,
Qif the cal etc skarns, those relatively high in MJg occur in eastern Moldanubí­
eum, where dolomíte marbles almost exelusively appear, The magnesían skarn,
whích accompany the calcíc skann only at these localítíes, correspond, except
for magnetíte, to the layers and sehlieren of Mg silicates in dolomites, and
perhaps are their aItered pre-skarnízatíon relicts.

On the other nand, even relatívely Mg-rieh caleie skarns 'partly show in­
dependence trom their carbonate substratum, obvlous, for instance, by presen­
ce of grossulartte-andre.dtte :patehes and bands in them. This could be best
explalned, if íntrusíon of some ore-bearíng fluíds is assurned.

The pyroxene and grossularite-andradite assemlblages probaoly are skarns­
-after-earbonates (in primary skarns, andradite skarn always represents exo­
skarn), whereas varíed hornfelses and schísts ere partly skarnized alumínosí­
lieates (endoskarnsj. This ís suggested by their chemístry. By eontent Q1f ele­
ments behavíng inertly during a high temperature metasomatísm (P, Td}, the
pyroxene skarns correspond to marbles, and varied hornřelses to paragneisses
enclosíng the skarn bodies (N ě m e c 1968c, 1970b). The eomposition of oxy­
gen ísotopes of the skarns corresponds also to that nf relict marbles and, at
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the same tíme, differs from that nf metamorphcsed sediments of the skarm
mantles (Pertold-avá et al.1987).

IP e r t o I d o v á (1986) consíders the Sr contents of the Pernštejn skarn
to 'be too low for skarn-ařter-rnarbles. The Sr contents of the skarns vary con­
síderably, but occassionally attain high values - 50 .pprn in pyrogene skarn,
450 'P'Pm ~n hornblende skarn, The Sr contents oř the marbles of the region
are ralatívely low amounting mostly to 50-300 ippm (N o v á k 1987). Ba,
another element typícal of carbonates, attains considera'ble contents in some
skarn minerals (up to 1.5 wt. % BaO in micas of the Zupanovíce skarn},

The REE dtstríbutíon, examíned in the Permštejn skarn by Per t o I d o v á
et al. (1987), í s also genetically irnlportant. The REE of pyroxene skarns differ
clearly 'by their level and distrilbution írom those of the mica schists enclosíng
the skarn body, whereas those of marginal skarn rocks are intermediate
between them (Fig. 19). The míca schist ts relatívely low in REE and sírnulta­
neously sornewhat enríched in. LREE in relation to HREE (in the area, monazite

Lil c~ Sm Eu Gd lb Y'b Lil

Fig. 19. Chondrite normalized REE distribution in pyroxene skarns (soUd Unes], mica
schist [broken line], garnet-otottte sohíst (dotted line) and marginal skarn assemblages
[dotted f,jeld). Pernštejn skarn,
Data from Pertoldová et al. (1987).
Obr. 19. Distribuce vzácnýoh zemín normovaná na chondrtt v pyroxenických skarnech
(plné čáry], ve svoru (čárkovaná čára}, v granétícko-bíotítické břidlici (tečkovaná li­
nie) a v okrajových skarnovýoh asociacíc'h [tečkovaně pole). Skarn u Pernštejna.
Data převzata od Per t o I d o v é et al. (1887).

ís very frequent in the schists). Its typícal negatíve Eu anornaly testifies to
an exhausted crustal salic material. By íts REE dístrtbutton, the rock corres­
ponds exactly to that oř an average graywacke (Fig. 20; H e n der s o n 1984).
The almandíne-bíotíte schíst of the skarn margíns wních consísts only of al­
mandine and biotite, exhíbíts the same REE pattern in spíte of its high Fe
content (16.1 wt. % FeO). Probabl y both developed from the same substraturn,
but the alrnandíne-bíotíte schist has been addítíonally enrtehed by řerrídes ím­
ported from the skarn cere, as evidence by Fig. 15. Whereas Ni prevaíls over
Co in paraseries, the ratio reverses in řavour of Co in skarns, as ís usual in
íron ores. The same Co 'prevalence ds showtn also 'by the almandine-biotite
schist.
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The pyroxene skarns, which consíst almost entirely of pyroxene, are cha­
racterized by REE poverty, as evídenced by comparison with a clinopyroxene
of plutoníc rocks (Fig. 20). REE in the pyroxene skarns closely approach theír
dístríbutíon ín an average limestorne (H e n der s o n 1984). Only the La con­
tent ís different, probably because La cannot substitute ínto clínopyroxene.

100

5
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Fig. 20. Chondríte normalized REE dístríbutíon in pyroxene skarns (dotted říeld}, and
in míca schíst and garnet-bíottte schist [hashured field); Pernštejn skarn.
Dotted line - average limestone, broken line - average graywacke, dot-and-dashed
line - clinopyroxene of the basíc Skaergaard intrusion.
Obr. 20. Distribuce vzácných zemín normovana na chondrít v pyroxenických skarnech
(tečkované pole) a ve svoru a granátlcko-biotitídké břídlící (šrafované pole); skarn
li Pernštejna.
Tečkovaná linie - průměrný vápenec, čárkovaná linie - průměrná droba, čerchovana,
linie - klinopyroxen z basickě intruse u Skaergaardu.

Another difference refers to Eu, which shows a positive anomaly in some sam-.
ples. Per t O' I d o v á et al. (1987) take it as evidence of ,an exhalatíve-sedí­
mentary ordgín oř the skanns, However, this crítecíon ís equívocal. In řact,
some exhalative sulphide and oxídíc iron ores exhibit posítíve Eu anomalíes, i.f
they are accornpaníed by some volcanic rocks (Gr a f 1977, 1978), but some
limestones also have positive Eu anomalies (K I e i n and B e u k e s 19891.
Furthermore, F ly n and B u r n h a m (1978) have shown experimentally that
Eu present in silicate melts accumulates in Cl-beartng fluids, can be trans­
ported hy them and precípítates eventually in reductive environments along
with Ierous mdnerals, Evídently, more data are needed here.

Df elements, presumably introduced during skarmzatíon processes, indium
ís especíally important. lm tlhe skarns, it is Ibonderl in síltcates, partícularly in
hornblende. It ds an element typícal of skarns (Vol a n d 1969) beíng sometí­
mes present in thern in enhance:d quantities (I van 00 vand Li c i n o v 1960).

Due to íts specíříc sulphide assemblage, the skarn of Svratouch corresponds
to the Co-Bí-Au skann type, the skarns in the south of the Sv.ratka metamorphíc
complex approache the Zn-Pb type and those of the Žďáor area to ťhe Sn type.
Per t '0 I d o v á (1986), Who has noted íncreased Fe, Mn, Zn, Sn and W co -;
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tents in the Pernštejn skarn , holds this assocíation as typícal nf submartne­
exhalative deposíts. However, these elements are characterístíc for primary
skanns as well, where they are often accumulated in mínable amounts (E i n a u­
di and BUll't 1982, Kwak 1987, Smirnnv 1976). Pertoldová (1986)
reports as much as 110 ppm W in the skarns. Such high values are perhaps
due to the skarn type examíned by her, whích ,is mostly rich in magnetite. In
barren pyroxene skarns, I ha ve stated much lower values (N ě m e c 1977).

(6) Hypothesís of submaríne-exhalatíve ar sedimentary origin. G o t z i n­
g e r (1981) anod Per t o I d o v á et al. (1987] who recently advccated this
hypothesís, unřortunatety give no ideas on the original rock settíng, mínerals,
metamorph:ic processes and reactíons ínvolved, All this shall be briefly con­
sidered in the following. These deposíts usually form extended layers ínter­
bedded wíth pelitíc sediments and connected by contínuous transitions with
them. This was not olbserved in the skarns exammerí. No metabasites oecur
there whích could eorrelate with volcaníc greenstones often accompanying
Precarnbrtan exhalatíve or sedimientary ores. The hypothesís ís not able to
explaín the development of large homogeneous masses of monotonous pyro­
xene skarn up to manv tens of nreters thick. No sedímentary mineral can di­
rectly give ríse to them ,by metamorphtsm: thus, reaction among the various
minerals must be supposed (K Ie i n 1973). Howeverr, as shown above, reactí­
vity during the last stages nf progressíve metamorphísm was low, having been
mostly Iímíted to the domains affected by the. ínput of granítíc gneiss meta­
teet. The older stages of progresstve metamorphtsm tO-DIk place under a sorne­
what hígher temperature, but in a řluíd-poor envírcnment, so that reactívíty
hardl y could be much greater. 'Dhe development of large skarn masses seems
to requíre a much stronger impulse than that caused by regional metamorphtsm.
Volcanogeníc exhalatíve ores do occur in the Moldanubíeum (for instance,
Něm e c and P á š a, ín print), but they have another geological settíng.

(7) Conclusion to genesís. Until now, the genesís oř the skarns of the Bo­
hemtan-Moravían Heights cannot be assessed with certaínty. Tlheir geological,
petrographícal and geochemícal features mostly support the idea that they
were already originally ordínary prímary skarns developed under a magmato­
geníc supply, An hypothesís tnvolvtng reg iorial metamorphtsrn of some sub­
maríne-exhalatíve or sedímentary ores meets with difficulties especíally as to
the geology. No great emphasis can be laid 'on the bulk chemícal composítíon
of the skarns, because both prímary skarns and exhalative-sedimentary ores
probably have identical ore sources and, therefore, may be chemieally similar.

SOUHRN

Skarny Českomoravské vrehovíny byly regionálně metarn:orliovány za abysálních
podmínek v zóně mtgmatízace. M,ůžeme v racn I1oz1išit mínerály a asociace regionální
metamorfózy (almandin, grosular-almandtn, obecný amňbol] od minerálů a asociací
reliktních (pyroxeny řady díopsíd-hedenbergtt, granáty řady grosular-andradít, epídot,
rnagnettt, mramory). Miinerály skarnů jsou chanakrerízovany pomocí chermckýcti ana­
lýz. Je sledována chemioká rovnovéha asooíacr pomoci dístríbuěntch koeficientu. prvků
a fázového pravidla. Následujícf znaky skarnů jsou zavaěné při zjíštován! jejich před­
metamorřní geneze: Nápadné geologické a částečně petrografické podobnosti s tělesy
mramorů oblastí. Prostorové vztahy skamů k masívům a komplexům ortorul: pokud
to dovoluje rnetamorfní stupeň oblasti, obsahují ortoruly rehlotn! greiseny. Ve skarno­
výoh tělesech zjíštujerne relíkty metasomattcké zonárnostt a etapovítostí původního
skanmzačnřho procesu, Přftonmcst rruínerálů nebo pseudornorřóz po nich, které mohou
vznikat jen v podrnímkách vysokoteplotní metasomatčzy. Přítomnost geoohemtckých
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znaků, podle nichž je možno rozlišit původní exoskarny od endoskamů. - Tyto znaky
nasvědčují tomu, že již původně šlo !O obvyklé primárnl skarny, vzniklé vysokoteplctní
metasomat6zou převážně karbonátových hornin způsobenou magmatogeními fluidy
a roztoky.
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