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Abstract
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Three genetically different types of garnet-rich rocks from Hlinsko Zone and from Policka Crystalline Complex
The garnet-rich rocks are spatially associated with two metamorphosed volcano-sedimetary complexes at
the eastern border of the Bohemian Massiv (Policka Crystalline Complex and Hlinsko Zone). The studied
rocks represent three genetic types, which are produced by different metamorphic reactions and from
chemically different protolites. Garnet-rich rocks from Hlinsko Zone are interpreted as Fe or Fe-Mn rich
sediments metamorphosed under medium temperature (about 400-500 °C) and low pressure (below 4
kbar). On the other hand rock from Policka Crystalline Complex represent Fe rich metamorphic rocks
(PT condition about 600 °C and 6 kbar) partially modified by metasomatism.
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1. Uvod

Jako granatovec (granatit) se oznacuje hornina slozena pievazné z granatu (PETRANEK
et al. 1983). Pomérné Casto se vyskytuji jako az nékolik dm mocné polohy ve skarnech. Na
vychodnim okraji Ceského masivu se podafilo objevit tfi geneticky odlisné typy téchto hornin.
Ve vsech pripadech jde o vzorky v nichZ najdeme polohy obsahujici 78-94 mod. % granatu.

2. Metodika

Analyzy minerali byly provedeny na elektronové mikrosondé Cameca Camebax SX-
100, (Laboratof elektronové mikroskopie a mikroanalyzy, Spoleéné pracovisté Ustavu ge-
ologickych véd PfF MU a Ceské geologické sluzby). Méfeni probihalo ve vlnové disperz-
nim modu za podminek: urychlovaci napéti 15 kV, pramér elektronového svazku 5 um,
proudu svazku 20 nA, naéitaci ¢as 10-20 sekund, operator R. Copjakova. Jako standardu
bylo uzito (Ka X-ray linie): Si, Al - sanidin, Mg - olivin, Fe - almandin, Ca - andradit,
Mn - rhodonit, Ti - Ti-hornblend, Cr - chromit, Na - albit, K - ortoklas, P - apatit, F -
topaz, Cl - vanadinit, Zn - gahnit, V - vanadinit, Cu - Cu, Y - YAG. Obsahy prvki by-
ly pfepocteny PAP korekci (PoucHOU a PICHOIR 1985).
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Pouzité zkratky mineralll jsou podle KRETZE (1983). Krystalochemické vzorce gra-
natu jsou prepocteny na 12 kyslikti (Fe3* bylo dopoéteno podle stechiometrie). Biotit je
prepocten na 22 kysliki, apatit na 13 kysliki a ilmenit na 6 kyslikti ve vzorcové jednotce.

P1i vypoctech vrcholnych PT podminek metamorfozy pro mineralni asociace studo-
vanych hornin byl pouZzit program THERMOCALC 2.7. Aktivitni koeficienty byly vypo-
¢teny programem AX (HOLLAND a POWELL 1998).

3. Geologicka pozice a petrograficky popis

cifickymi podminkami b€hem sedimentace a/nebo metamorfozy. Byly popsany dve loka-
lity situované v hlinské zoné a jedna lokalita lezici v poli¢ském krystaliniku (obr. 1).

Hlinska zona

(1) Granatovec z lokality StruZinec (vitanovské souvrstvi) pochazi z odvodnovaci
ryhy pobliZ opusténych dold na Zeleznou rudu u hajovny Ruda, sv. od obce. Hematit-mag-
netitové zrudnéni bylo patrné vazano na amfibolity uzaviené v paleoryolitech (albitickych
porfyroidech) pobliz kontaktu s horninami nasavrckého plutonu. Toto loZisko bylo téZeno
v prvni poloving€ 19. stoleti (VODICKA 1962). Samotné vulkanosedimentarni vitanovské
souvrstvi je novéji povazovano (MRAZOVA a OTava 2006) za vicemén€ samostatny celek
hlineckého paleozoika a proterozoika (viz obr. 1.)

Granatem bohaté polohy byly nalezeny izolované, a proto neni mozné urcit presny cha-
rakter zrudnéni. Studovany vzorek je tvofen polohami a ¢ockami bohatymi granatem (70-90
mod. %). Granat (obr. 2) je chemicky pomérné homogenni a bliZi se Cist¢ému andraditu
(Adrgy_g9 Grs(_14 Sps;_, Prpy_1). Spolecné s xenomorfnimi zrny granatu se v malém mnoz-
stvi vyskytuji hypautomorfni magnetit a drobné lupenity hematit. Magnetit je pomé&rné€ Cisty

o
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Obr. 1. Schéma geologickych jednotek listu 1:25 000 vlevo Hlinsko 13-444 (MRAZOVA et al. 2005) a vpravo Jed-
lova 24-112 (BURIANEK et al. 2006) s lokalizaci vyskytu granatovct: St. - lokalita granatovce StruZinec,
KI. - lokalita granatovce Kladno, Ko. - lokalita granatovce Korouhev. 1 svratecké krystalinikum, 2 po-
licské krystalinikum, 3 hlinské paleozoikum a proterozoikum, A vitanovské souvrstvi, B-C hlinecko-
rychmburské a mrakotinské souvrstvi, 4 Zeleznohorsky pluton, 5 intruze v poli¢ském krystaliniku, 6 na-
savrcky plutonicky komplex, 7 Ceska kiidova panev, orlicko-zdarsky vyvoj.

Fig. 1. Sketch of geological units at the map sheet 1:25 000 left Hlinsko 13-444 (MRAZOVA et al.) and on the
right Jedlova with localisation of garnetites: St. - garnet-rich rocks site Struzinec, KI. - garnet-rich rocks
site Kladno, Ko. - garnet-rich rocks site Korouhev. 1 Svratka crystalline unit, 2 Poli¢ka crystalline unit,
3 Hlinsko Palaeozoic and Proterozoic, A Vitanov formation, B-C Hlinsko-Rychmburk and Mrakotin
formations, 4 Zelezné hory Pluton, 5 Intrusions in the Policka crystalline unit, 6 Nasavrky Plutonic
complex, 7 Czech Cretaceous Basin, Orlice - Zdar development.
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Obr. 2. Ternarni diagramy Alm-Adr-Grs, Alm + Adr-Sps-Prp, Grs-Sps-Prp pro granaty z granatovcii a hor-
nin v jejich okoli z lokality Kladno: granatovec (1) a chloritoidova bfidlice (2), granatovec z lokality Ko-
rouhev (3), ruly polic¢ského krystalinika (4), granatovec z lokality StruZinec (5).

Fig. 2. Ternary plots Alm-Adr-Grs, Alm + Adr-Sps-Prp, Grs-Sps-Prp for garnet from garnetrich rocks and
surrounding rocks from locality Kladno: garnet-rich rock (1) and chloritoide schist (2), garnet-rich rock from
locality Korouheyv (3), gneisses from Policka Crystalline Unit (4), garnet rich rock from locality Struzinec (5).

(TiO, = 0,02-0,06 hm. %; MnO = 0,13-0,17 hm. %). Prostor mezi t€émito zrny vypliuje jem-
nozrnny kfemen. Granatické ¢ocky a polohy jsou obklopeny horninou sloZenou z magnetitu,
kifemene a epidotu. V malém mnoZstvi byva pfitomen bezbarvy amfibol. Epidot s 31-36 %
pistacitové komponenty tvofi drobna xenomorfni zrna, ktera sristaji s magnetitem.

(2) Granatovec z lokality Kladno v hlinské zéné je odkryt v opusténém st€énovém lo-
mu lezicim asi 1 km sz. od obce Kladno, v udoli potoka Rana. Vystupuji zde metasedi-
menty (chloritoidové bridlice) mrakotinského souvrstvi (silur, llandovery), které obsahuji
vrstvy a CoCky kvarcitll a granatovcl. DileZitou okolnosti mize byt pozice tésné pii tek-
tonickém kontaktu s flySovym hlinecko-rychmburskym souvrstvim.

Granatovec tvori polohu o mocnosti od nékolika cm do nékolika dm. V této horniné
prevazuji izometricka az 0,1-0,4 mm velka zrna granatu (Alm,,_s; Prp;_g Spss¢_7; Grs3_g
Adr;_4). Zrna granatu vykazuji vétSinou zfetelnou zonalnost, ktera je charakterizovana po-
klesem Sps a Grs komponenty smérem k okrajiim a naopak vzristem Alm a Prp ve stejném
sméru. Vétsina zrn granatu obsahuje ve stiedni ¢asti hojné inkluze kiemene (obr. 3A).
V podstatné mens§i mife jsou zastoupeny inkluze ilmenitu a biotitu. Okrajové partie granatu,
které jsou bohaté na Alm slozku inkluze neobsahuji. Granat tvori 60 az 80 mod. % horniny.
Pokud zrna zartstaji do slid byvaji omezena vice méné automorfné. Prostor mezi nimi je
prevazné vyplnén xenomorfnim kfemenem, nékdy smési slid (biotit prevazuje nad muskovi-
tem). Muskovit tvofi spole¢né s biotitem az 0,5 mm dlouh¢ lupinky. Biotit chemicky odpo-
vida flogopitu (Fe/(Fe + Mg) = 0,43; AIlV = 2,5 apfu). Casto je asteéné zatlaovan chloritem.
Chlorit vSak tvori také samostatné lupinky, jejichz chemické slozeni odpovida v Melkové
(1965) klasifikaci ripidolitu a chamozitu (Fe/(Fe + Mg) = 0,40-0,67; Si = 5,2-5,7 apfu). Lu-
pinky muskovitu maji pomérné¢ homogenni chemické slozeni (Si = 6,15-6,17 apfu). Ilmenit

145



(ilmenitova slozka 74-78 %, pyrofanitova slozka 18-26 %) tvori az 0,1 mm dlouhé liSty uza-
viené v kiemeni. Xenomorfni zrna rutilu v sobé Casto uzaviraji drobné inkluze biotitu
(Fe/(Fe + Mg) = 0,38; AIlV = 2,4 apfu). Jako hojn4 akcesorie se zde vyskytuje hypautomorfni
aZ xenomorfni apatit (Mn = 0,04 apfu; Fe = 0,01-0,02 apfu). Teploty metamorfozy pro tlak
4 kbar 433-435 °C vypoctené granat-ilmenitovym termometrem (POWNCEBY et al. 1991)
a 370-423 °C granat-biotitovym termometrem (BHATTACHARYA ef al. 1992), jsou vice nez
0 100 °C nizsi neZ uvadi pro metapelity hlinské zony PITRA a GUIRAUD (1996).

Okolni horninou jsou drobnozrnné chloritoidové bfidlice s porfyroblasty granatu (tab.
1) a chloritoidu. Izometricka zrna granatu (Almy,_7¢ Prps_g Spsj4_19 Grs4_5 Adrg_;) jsou
az 0,2 mm velka. Zonalnost je nevyrazna a smé€rem k okrajim mirn€ ubyva Sps a naopak
roste zastoupeni Alm. Chloritoidy (Mg/(Mg + Fe) = 0,12-0,13; Mn = 0,05-0,06 apfu) tvori
az 0,5 mm dlouhé automorfni az hypautomorfni sloupce. Mohou v sobé uzavirat xeno-
morfné omezené inkluze kiemene a drobné listy ilmenitu. Jemnozrnna zakladni hmota je
tvofena xenomorfnim kfemenem, drobnymi lupinky muskovitu a chloritu. BEZnym akceso-
rickym mineralem je i zde ilmenit (ilmenitova slozka 95-96 %, pyrofanitova slozka 4-5 %).
Chlorit je chemicky pomérné€ homogenni a odpovida v Melkové klasifikaci (1965) thuringitu
(Fe/(Fe + Mg) = 0,61-0,62; Si = 5,0-5,1 apfu). Drobné lupinky muskovitu obsahuji 6,1-6,2
apfu Si. Vzhledem k tomu, Ze mineralni asociace (Cld + Ms + Chl + Grt + Ilm) neumoznu-
je ur€it pfesné hodnoty tlaku, byla programem THERMOCALC 2.7. vypoctena teplota je-
jiho vzniku (pro tlak 4 kbar a sloZeni fluid (H,0O + CO,)/H,0 = 0,9 je to kolem 525 £10 °C).

Granatovec se od okolnich hornin li§i také chemickym sloZenim. Obsahuje vyssi ob-
sahy MnO (11,8 hm. %), Fe, O3, (15,9 hm. %), CaO (2,3 hm. %) a nizsi obsahy K,0 (0,7
hm. %) nez okolni chloritoidova bfidlice (MnO = 0,3 hm. %, Fe,O3;, = 8,6 hm. %, CaO =
0,2 hm. %, K,0 = 4,2 hm. %).

Obr. 3. Typické struktury granatovcii (BSE - obrazek): A - xenomorfné az hypautomorfné omezena zrna gra-
natu lemovana kiemenem z lokality Kladno; B - atolovité granaty z lokality Korouheyv.

Fig. 3. Typical textures of garnet-rich rocks (BSE - image): A - anhedral to subhedral garnet grains rimmed by
quartz from locality Kladno; B - atoll garnet from locality Korouhev.

Policské krystalinikum

(3) Posledni studovana lokalita leZi v poli¢ském krystaliniku jizné od obce Korouhev
na hromadnici uprostied poli. Granatovec tvofi stfed sekrecni coc¢ky kifemene o priméru
kolem 25 cm, ktera byla nalezena v rulach nedaleko jejich kontaktu s télesem amfibolitt.
Stfed sekre¢ni CoCky se sklada z automorfniho az hypautomorfniho granatu. Prostor me-
zi zrny granatu je vyplnén biotitem, nebo kiemenem. Casté jsou atolové granaty (obr. 3B).

Granaty (obr. 2) maji nevyraznou difuzni zonalnost, Mn na okraji zrna mirné stou-
pa a Ca klesa (Almg;_g5, Prps_g, Sps;_3, Grs4_y;, Adr|_3). Mnohdy se v centralni ¢asti
granatu svym sloZenim bliZi granatu z okolnich dvojslidnych rul. Biotit chemicky odpovida
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annitu (Fe/(Fe + Mg) = 0,76-0,78; AllV = 2,58-2,65 apfu). Ilmenity (ilmenitova slozka
98-99 %, pyrofanitova slozka 1-2 %, geikielitova slozka 0-1 %) tvori drobné tlusté az ten-
ce tabulkovité krystalky o délce az 20 wm. Neékterd zrna grandtu obsahuji velmi hojné
drobné ilmenitové inkluze. Pomoci granat-biotitového termometru (BHATTACHARYA et al.
1992) byly pro stfedni ¢ast zrn zjiStény teploty 600-710 °C pro tlak 5 kbar a pro okraje
zrn byly pfi stejném tlaku vypocteny teploty 655-570 °C. Podobné hodnoty byli ziskany
pro okraje zrn pomoci granat-ilmenitového termometru (POWNCEBY et al. 1991) pfi tlaku
5 kbar byla vypoctena teplota 609-621°C.

Okolni ruly obsahuji granaty s niz§im obsahem Ca a vy$Sim obsahem Mn a Mg
(Almgg_79 Prpig_14 Spse_15 Grsg_» Adr%;z). Také biotity v rulach (obr. 4) maji vyssi ob-
sahy Mg (Fe/(Fe + Mg) = 0,46-0,56; Al'Y = 2,50-2,62 apfu). Ruly v okoli Korouhve indi-
kuji PT podminky 640 + 30 °C a 5,7 = 1,2 kbar.

Obr. 4. AV - Fe/(Fe + 40
Mg) diagram pro biotity Eastonit Siderofylit O 1
z granatovcl a hornin
v jejich okoli: granatovec 3’6 . ® 2
z lokality Kladno (1),
A 3
o 4

andalusitova bridlice

z hlinské zony (2),
granatovec z lokality
Korouhev (3), ruly
poli¢ského krystalinika
(4).

Fig. 4. The ALY - Fe/(Fe
+ Mg) diagram for biotite
from garnet-rich rocks
and surrounding rocks: . .
garnet-rich rock from 2 O F|°g°plt Annit
locality Kladno (1) and ’

andalusite schist Hlinsko 0 O O 5 1 0
) ) )

zone (2), garnet-rich rock

from locality Korouhev F e /(F e+Mg)

ok £

2,4 0

Tetraedricky hlini

4. Geneze granatovci

Na lokalité Struzinec doprovazi granatovce magnetitové zrudnéni a svym charakte-
rem se tato mineralizace bliZi skarnlim. Z metamorfni asociace okolnich hornin nebylo
mozné rekonstruovat metamorfni vyvoj téchto hornin. Geologicka pozice naznacuje zZe
mohou byt produktem kontaktni metamorfézy (pozice pobliz kontaktu nasvavrckého plu-
tonu). Andraditovy granat zde vystupuje v asociaci s epidotem, hematitem a magnetitem.
Andraditovy granat mohl vznikat reakci 24 Qtz + 24 Cal + 2 Hem + 4 Mt + O, = Andr +
24 CO,, ktera probiha pfi tlaku 2 kbar a Xcg, 0,22 pfi teplotach 550 °C. Jde
o mineralni asociaci dokladajici znaéné€ vysokou aktivitu O, (TAYLOR a Liou, 1978, GRra-
PES a HoskIN 2004).

Na lokalité Kladno tvofi granatovec polohu uvnitf metapelitl, avS§ak pobliZ kontaktu
s hlinecko-rychmburskym souvrstvim. Od okolnich metapelitl se odliSuji nejen svou mine-
ralogii, ale i chemickym sloZenim a to zejména vy$Simi obsahy Mn a Fe. Granat je oproti
granatu z okolnich metapelitd obohacen o spessartinovou komponentu (obr. 5). Podobné
také ilmenit v granatovci je oproti ilmenitim v okolnich metapelitech manganem bohatsi
(obr. 6). Jednim z mozZnych vysvétleni je, Ze jde o metamorfovany ekvivalent recentnich
manganovych krust, které vznikaji na oceanském dné (FLEET 1983). Zaroven vSak obsahy
Si, Al a Ti naznacuji Ze se ptivodni oxidy a hydroxidy Mn a Fe misily s materialem klas-
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Obr. 5. Diagram Ca-Mn
(apfu) pro granaty

z granatovcl a hornin

v jejich okoli (stejné

symboly jako v obr. 2).
Fig. 5. Diagram Ca-Mn
0 (apfu) for garnet from
garnet-rich rocks and
[] surrounding rocks (same
symbols as in fig. 2).
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tickych sedimentd. Plivodni sediment mél patrné€ charakter piskovce s tmelem, ktery ob-
sahoval zvySeny podil oxidl a hydroxidd Fe a Mn. V granatovci byly zjiStény teploty me-
tamorfozy v rozmezi 370-435 °C pro tlak 4 kbar. Tyto hodnoty jsou vSak podstatné nizsi
nez vrcholné podminky metamorfézy publikované pro metapelity mrakotinského souvrst-
vi (530-570 °C a 3,6-4,0 kbar; PITRA a GUIRAUD 1996). Rozdil mize byt zapriinén vy-
sokym obsahem Mn ve studované hornin€. PouZité termometry jsou totiZ kalibrovany pro
nizsi obsahy Mn v granatech. Tuto skute¢nost potvrzuji teploty kolem 520 °C pro tlak
4 kbar vypoctené pro vznik granatu v okolnich chloritoidovych bfidlicich. Lokalita lezi
v blizkosti starych dtlnich d€l na Zeleznou rudu. Byly zde tézeny limonity vzniklé oxidaci
pyritd v metamorfovanych silurskych bfidlicich (VoDICKA 1962). Pozice téchto hornin
prostorové spjatych se sulfidickou mineralizaci by mohla naznaCovat Ze jde o distalni ¢ast
rudni mineralizace masivnich sulfidickych rud vulkanogenniho ptivodu (PLIMER 1979).
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Obr. 6. Ternarni diagram
ilmenit-pyrofanit-geikielit
pro ilmenity z granatovci
a hornin v jejich okoli
(stejné symboly jako

v obr. 2).

Fig. 6. Ternary plot
ilmenite-pyrophanite-
geikilite for ilmenite from
garnet-rich rocks and
surrounding rocks (same
symbols as in fig. 2).

Pyrofanit Geikielit

148



Pro potvrzeni této hypotézy chybi udaje o charakteru blizké sulfidické mineralizace a di-
kazy o pripadné vulkanické aktivité, ktera by se vznikem téchto hornin souvisela.

Granaty z horniny od Korouhve v poli¢ském krystaliniku indikuji poné€kud jiny pu-
vod. Jde o ¢oCku sekrecniho kifemene uvniti dvojslidnych rul. Granat z granatovcld ma
ponékud vyssi obsahy Fe, Ca a naopak niz§i obsahy Mn, Mg neZ granaty v okolnich ru-
lach. Pfipadny protolit by musel byt pomérné bohaty na kiemik, hlinik a Zelezo naopak
chudy na draslik a sodik. Pozice pobliz kontaktu rul a amfibolitli naznacuje, Ze muze jit
o vulkanicky material prepracovany metamorfézou. ProtoZe celou ¢ocku granatovce le-
muje hydrotermalni kiemen, mtizeme pfi vzniku této horniny predpokladat vysokou akti-
vitu fluid. Patrné tedy ptivodni protolit postihly metasomatické zmény b€hem metamor-
f6zy. Jako nejpravdépodobnéjsi scénar vzniku této Cocky se pak jevi metamorfoza tufitické
horniny bohaté zejména Zelezem v oblasti vyrazného proudéni fluid (napriklad budina na
tektonické poruse). V dasledku toho byly draslik a sodik z pivodni horniny ¢aste¢né od-
neseny a béhem vrcholu metamorfozy mohlo takové reziduum poskytnout vhodny proto-
lit pro vznik granatovce.

Tabulka 1. Chemické sloZeni granatu z lokalit: 1-2 Kladno (granatovec), 3-4 Kladno (chloritoidova bridlice),

5-6 Struzinec (granatovec), 7-9 Korouhev (granatovec), 10-11 Korouhev (Ms-Bt rula).

Table 1.  Chemical composition of garnet from localites: 1-2 Kladno (garnet-rich rocks), 3-4 Kladno

(chloritoide schist), 5-6 Struzinec (garnet-rich rocks), 7-9 Korouhev (garnet-rich rocks), 10-11

Korouhev (Ms-Bt gneiss).

1 2 3 4 5 6 7 8 9 10 11

SiO, 36,95 3692 37,05 3593 3642 3590 36,75 3621 36,74 37,63 3735
TiO, 0,02 0,05 0,08 0,22 0,00 0,00 0,16 0,11 0,01 0,01 0,01
AlLO; 20,78 20,84 20,59 20,67 031 0,80 20,25 20553 20,62 20,99 21,13
Cr,0;4 001 001 000 001 000 000 005 003 00 002 002
Fe,O; 0,11 0,03 0,31 0,51 24,25 23,98 0,92 0,58 0,43 0,00 0,00
FeO 32,81 31,26 22,79 11,44 6,15 6,74 35,72 36,46 36,90 30,05 30,18
MnO 7,05 844 15,57 29,03 0,31 0,52 0,31 1,20 1,29 791 8,35
MgO 1,39 1,33 1,89 0,30 0,00 0,17 1,46 1,26 1,47 2,43 2,27
Na,O 002 0,03 002 003 000 000 002 000 002 000 0,03
P,0s 000 0,00 000 000 000 000 00l 000 002 002 009
CaO 1,36 1,51 1,79 2,11 32,71 31,86 4,56 3,31 2,64 1,12 0,69
Total 100,48 100,40 100,09 100,25 100,15 99,97 100,19 99,68 100,13 100,17 100,12
Si 3,000 2,999 3,004 2949 3,095 3,061 2982 2966 2,990 3,023 3,006
P 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,001 0,006
Ti 0,000 0,001 0,000 0,013 0,000 0,000 0,010 0,007 0,000 0,001 0,001
T site 3,001 3,000 3,004 2,962 3,095 3,061 2,993 2,972 2,991 3,025 3,014
Al 1,989 1,995 1,968 1,999 0031 0,080 1,937 1982 1977 1987 2,005
Cr 0,001 0,001 0,000 0,000 0,000 0,000 0,003 0,002 0,001 0,002 0,001
Fe** 0,007 0,002 0,019 0,032 1,551 1,538 0,056 0,036 0,026 0,000 0,000
Ti 0,001 0,002 0,005 0,000 0000 0,000 0000 0,000 0,000 0,000 0,000
B site 1,998 2,000 1,992 2,031 1,582 1,619 1,996 2,020 2,004 1,989 2,006
Fe*" 2,228 2,124 1,546 0,785 0,437 0,481 2,425 2,498 2,511 2,040 2,055
Mn 0485 0581 1,069 2018 0022 0,038 0021 008 0,08 0538 0,569
Mg 0,168 0,160 0228 0037 0000 0,022 0176 0153 0,178 0291 0272
Ca 0,118 0,131 0,155 0,185 2,978 2,910 0,396 0,291 0,230 0,096 0,060
Na 0,005 0,006 0,005 0,008 0000 0,000 0004 0,000 0,004 0001 0,007
A site 3,003 3,003 3,004 3033 3437 3450 3,023 3,025 3,012 2966 2964
Alm 74 71 51 24 0 0 80 82 83 69 70
Adr 0 0 1 2 98 95 3 2 1 0 0
Grs 4 4 4 5 1 3 10 8 6 3 2
Prp 6 5 8 1 0 1 6 5 6 10 9
Sps 16 19 36 68 1 2 1 3 3 18 19
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5. Zavéry

Studované lokality reprezetuji tfi geneticky rozdilné typy granatovcl vystupujici ve
tfech rozdilnych geologickych jednotkach. Ve vSech pripadech jsou jako hlavni mineraly
pritomny granat a kiemen. Horniny se 1iSi ve sloZeni akcesorickych a vedlejSich mineral
(na lokalité Stuzinec Mt + Hem + Ep £ Amp a na zbyvajicich dvou lokalitach Ilm
+ Bt + Ms + Chl), coz miZe odraZet mj. rozdilnou aktivitu O, pfi metamorféze. Granaty
zde vznikaly odliSnymi metamorfnimi reakcemi z odliSnych protolitd. V hlinské zon¢€ jsou
oba granatovce produktem metamorfozy hornin bohatych na Fe pfipadné Fe-Mn za pod-
minek stiedn€ teplotni a nizkotlaké metamorfézy. Granatovec z policského krystalinika
patrné predstavuje metasomaticky prepracovany vulkanicky material. Metamorféza této
horniny probéhla v amfibolitové facii za stfednich teplot a tlakii. Studované granatovce
predstavuji jedinecny priklad metamorfnich pfemén protolitd s neobvyklym slozenim.

Podékovani

Autofi dékuji S. Houzarovi za kritické procteni rukopisu. Prace byla vypracovana
s finan¢ni podporou projektu MZP 6352: ,Korelace litologicky kontrastnich hornin v jed-
notkach krystalinika pfi sv. okraji moldanubika“ a ukolu 6328 (Geologické mapovani
CHKO Zdarské vrchy v méfitku 1:25 000).
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Paleodiet inferred from Ursus spelaeus ROSENMULLER et HEINROTH tooth from Tmavd skala cave (Slovak
Republic) using carbon isotope analyses

Isotopes of carbon were employed in the study of Ursus spelaeus second upper molar M2 from Late Wiirm
bear cave Tmava skala (Little Carpathians, Slovak Republic). Samples of enamel and dentine were used
for the analyses. Variations in the carbon isotope ratio (13C/12C) were used to examine the paleodiet. The
O013C of investigated tooth is -11,8 %o for dentine and -16 %o for enamel. This indicates that the diet of Ursus
spelaeus was dominated by C3 biomass. These values suggest a forested habitat.
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Introduction

At present the interest in recording of seasonal and short-term climatic changes and
their impact to local ecosystems is increasing. To one of the tools enabling to reconstruct
these short-term climatic fluctuations belongs the isotope analysis of biominerals.

After an animal’s burial, its unaltered tissue can be studied to gain valuable evidence
about its paleo-environment through chemical isotopic analysis.

Teeth and bones both contain biogenic phosphate (i.e., hydroxylapatite), the target
substance most readily available for the study. Bone phosphate, however, is highly porous
and therefore allows infiltration of water and other impurities. Subsequent alteration leads
to difficulties in direct study of such matter. Tooth enamel, on the other hand, is dense
and has low porosity. Such properties bolster resistance to change, making tooth enamel
a strong candidate for study (KOCH et al. 1994).

Reconstructing the diet of extinct species is a fundamental goal in vertebrate
paleobiology.

The cave bear (Ursus spelaeus) is the macro fauna species that gave rise to the largest
amount of fossils at the Pleistocene period in caves. Cave bears have inhabited Europe and
the Near East since the Riss glacial period (250 000 years ago, MAzzA and RUSTIONI
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1994). Last cave bear population in Slovakia in the area of West Carpathians begun to die
out in the time span between 15 000-10 000 BP (ScHMIDT 1970). But it is not excluded,
that some parts of Slovakia (Slovak Paradise and Low Tatras) were one of the last refuge
of cave bears in Central Europe between the end of Last Glacial and beginning of the
Holocene (SaBoL 2001).

Cave bear teeth appear to preserve their original isotope composition, they can be
dated, and they occur in abundance in many locations of Europe and the Near East. The
abundance of the teeth and their large size allows samples used for paleoclimate studies
to be restricted to enamel/dentine of one type of tooth. They provide a good potential
source of material for detailed investigation of Pleistocene paleo-environment.

Here is assess the bear paleodiet through analyses of the 13C/12C ratios of tooth
enamel and dentine.

Locality

Tmava skala cave is situated southeastwards of the Plavecky Mikulas village, in the
Plavecky Karst territory in_the Mal¢ Karpaty Mountains (Slovak Republic) under the
Polamané hill, 445 m a.s.1 (SMiDA 1996) (Fig. 1). The cave is about 50 m long. Maximum
width reaches 8.5 m and it is 1.5 to 4 m high. Its opening is oriented to the northwest.
Opening to the Tmava skala cave is in the rocky wall 3-10 m high. The wall is represented
by Anisian-Annaberian limestone and underlying Verfenian siliceous sandstone.

The origin of the cave system is related to supposed autochthonous stream (SMiDa
1996). The cave probably represents old occasional rise, which activity was related to the
changing of groundwater level, which was connected with climatic changes during Late
Pleistocene. Humic soils with pebbles and osteologic material accumulated by fluvial
activity of ground stream during interglacial Riss/Wiirm and intersiadials of Wiirm. The
groundwater level decreased during the periods of cold Wiirm oscilations. In the
formation of the cave sediments mainly the eolic activity took part, this created loess
series. Occasional rise stopped its function in the consequence of the groundwater
decrease after the Late Wiirm. After this time Holocene sedimentation of humic soil with
sharp fragments fallen off from the cave roof (LISKA 1973).

Fossil and subfossil fauna of the cave

There was a fossil gastropod and vertebrate fauna discovered in the sedimentary filling.
The gastropod fauna (Helix pomatia, Limax sp., Macrogastra cf. latestriata (uv.), Oxychilus
depressus, O. inopinatus) represents thermophilous, mostly woodland gastropod fauna from
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Fig. 1. Tmava skala cave, Little Carpathians, Slovak Republic (Photo VobpICka 2003).
Obr. 1. Jeskyné Tmava skala, Malé Karpaty, Slovenska republika (foto VobpiCka 2003).
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Middle to Late Holocene). The vertebrate fauna (Salientia, Reptilia, Insectivora, Chiroptera,
Rodentia, Carnivora, Perissodactyla, Artiodactyla) represents mixed elements from the
ecological point of view (karst - woodland - open land - mountain areas) and from the
stratigrafic point of view (Pleistocene - Holocene - Recent) too (HOLEC et al. 1998).

The osteological remains of cave bears represent the largest portion of the fossil
material. Due to finding circumstances (secondary redeposition of the original sediments)
the age of the fossil remains was dated only as the Late Pleistocene (Riss/Wiirm interglacial
stage - Late Wiirm glacial stage) The gastropod and other vertebrate fauna, occuring
together with the fossil remains of Late Pleistocene cave bears, included mostly indifferent
elements, that are characteristic for warm and woodland environment of the Holocene. It
demonstrates the secondary redeposition of the original cave sediments too (SABOL 1997).

More concrete paleoclimatic conclusions could not be carried out, as polles grains of
the determined taxa (Abies, Pinus, Tsuga, Tilia, Quercus) were found in a very small
quantity in the samples (HOLEC et al. 1998).

Tmava skala cave is typical bear cave with relatively stable temperature, more
spacious subhorizontal space and with sufficient water quantity in the past. Therefore the
cave was utilized by tens to hundreds (perhaps) individuals of the species Ursus spelaeus
for hibernation and birth of cubs during the Late Pleistocene (SABOL 1997).

Material

We analyzed Ursus spelaeus second upper molar enamel and dentine from one
individual from Tmava skala cave in Little Carpathians, Slovak Rebublic (Fig. 2.). On the
base of dental cementum analyses we determined the individual age of studied animal.
Individual age of animal was about 4.5 years and the season of the death was summer.

Methods

From carbon isotope ratio we can find out the paleodiet - or composition of animal’s
food. From 13C/12C ratio it is possible to distinguish between animals which feed on Cj

500 pm

Fig. 2. Transverse cross section of investigated Ursus spelaeus tooth (M2). This tooth was used for isotopic
analyses in this study. Photo expose the dentine (D)/cementum (C) junction and annual increments in
the cementum. Individual age estimation and season of death on the base of dental cementum analysis:
about 4.5 years, death season: summer. (Photo author).

Obr. 2. Pricny priifez studovanym zubem (M2) druhu Ursus spelaeus. Tento zub byl vyuzit pro izotopové studium.
Fotografie zobrazuje hranici cement (C)/dentin (D) a ro¢ni pfirtistky v cementu. Odhad stafi a obdobi
uhynuti jedince: okolo 4,5 let, obdobi uhynuti: 1éto. (Foto autor).
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photosynthetic plants and between those
which prefere C4 plants. This is because
the carbon isotopic compositions of the
plants they feed on are bimodaly
distributed. Cs-photosynthesizing plants
(dicotyledonous trees, shrubs, and forbs)
have 13C values consistently lower than do
C4-photosynthesizers (grasses) (CORDON,
D. and CorDON, J. 2005).

For determination of 13C/12C ratios
we used the metodology after MCCREA
(1950). The dissociation of the carbonate
runs in the vacuum on the powderized
sample with the assistance of 100% H;PO,.
The samples are equilibrated under the
room temperature during 1 day. Then the
samples are measured against the
international or laboratory standard
(Carresian marble) in mass spectrometer
MAT 251, mark Finnigan. External
precision of determination for 813C is
better than 0.05 %.. Internationally
recognized standard for carbon is PDB
(Pee Dee Belemnite), where R = 0,0112372
(EHLERINGER and CERLING, 2002).

Plants using the Calvin cycle, or C;
plants, include trees (Picea sp., Pinus sp.,
Populus sp., Pseudosuga sp. ...), shrubs
(Acer sp., Alnus sp., Betula sp., Juniperus
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Fig. 3. Isotopic composition of C3 and C, plants, as
well as the isotopic composition of the enamel
of teeth of animals which eat such plants
(http://ethomas.web.wesleyan.edu/ees123/ca
rboniso.htm).

Fig. 3. Izotopové slozeni C; a C, rostlin a izotopové
slozeni zubni skloviny zvifat, ktera se Zivi té-
mito rostlinami (http://ethomas.web.wesleyan.
edu/ees123/carboniso.htm).

sp., Salix sp. ...), and cool-climate grasses (Agropyron sp., Carex sp., Calamagrostis sp.,
Eleocharis sp., Poa sp. ...) and have mean §!3C values of ca. -27.0 £3 %, (all means reported
+]1 S.D.) with a range of -21 %o to -35 %.. Plants using the Hatch-Slack cycle, or C4 plants,
include sedges, some herbs, rare shrubs, and most temperate and tropical-climate grasses
and have average 8!3C values of about -13 £2 %., with a range of -9 %o to -19 %o (Fig. 3)
(O’LEARY, 1988; TieszeN and BoutTtoN 1989). CAM (crassulacean acid metabolism)
plants are not commonly found except in deserts (WANG et al. 1993). CAM plants include
many succulents such as cactuses and agaves and also some orchids and bromeliads with
a range of values between minus 10 and minus 31%. (http://wc.pima.edu/~bfiero/
tucsonecology/plants/plants_photosynthesis.htm).

Results

Tab. 1 and provides a summary of re-
sults. The 13C/12C ratio of Ursus spelaeus
dentin is -11.8 %o, 13C/12C ratio of enamel
is -16 %o (tab. 1).

Dicsussion and conclusion

It was found out that §13C of
investigated tooth is -11.8 %. for dentine
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Table 1.  Results of 13C/!12C ratios of Ursus

spelaeus dentine and enamel from Tmava

skala cave.

Tabulka 1. Vysledky izotopového poméru 13C/12C
dentinu a skloviny druhu Ursus spelaeus

z jeskyné Tmava skala.

8"3C (%o PDB)

Ursus spelaeus dentin |-11,8

Ursus spelaeus enamel |-16




and -16 %o for enamel. This indicates that the diet of Ursus spelaeus was dominated by C3
biomass (that means C3 plants or animals, which fed on C3 plant). This values suggest a
forested habitat. The isotope record achieves the shift in the animal’s food. This indicates
that it came to changes in dietary intake in the course of life of studied animal - from C3
plants towards mixed or C4 plants. Isotope record from enamel represent the very short
time period during the enamel formation. Dentin is deposited by apposition in the internal
side of the tooth during whole life. So dentine thus represents the isotope record from long
life period.

Enamel carbonate hydroxylapatite 6!3C values are low in cave bears (around -14 %o)
when compared to carnivores (around -12 %.) and herbivores (-10 %o). This is probably
due to lipid use while hibernating during winter. A similar pattern of enamel carbonate
hydroxylapatite 8!3C values differences is found between Ursus deningeri, carnivores and
herbivores in 200,000 to 600,000 years old cave sediments suggesting a similar physiology
for both fossil bear species (BOCHERENS et al. 1994).

From viewpoint of environment, the 813C values less than -12%. represent closed
environment and those above -10%. indicate affinity to opener positions (QUADE and
CERLING 1995). Speaking in general, C4 plants are less nutritious and heavier digestible
than C3 plants. So changes in relative proportion of these two plant types within
ecosystem during the year could be an important ecology component of mammals
communities (DEMMENT and VAN SOEST 1985; EHLERINGER and MONSON 1993).

Using the procedure outlined above, the study of samples on a much larger scale
could shed some light on the paleodiet of animal’s population.

The application of isotope analyses from bear’s teeth is efficient from many
standpoints:

1. they provide suficient amount of material

2. they are resistant to alterations

3. they had wide geographical and time extent

4. they are very common and abundant in many locations (mainly in cave

sediments)

5. present day bear species provide close analogies to fossil species.
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SOUHRN

Cilem studia byla analyza paleopotravy medvéda druhu Ursus spelaeus z lokality Tmava skala (SR) na
zakladé analyzy izotopového poméru uhliku (13C/!12C) zubni skloviny a dentinu z druhého horniho molaru.

813C zkoumaného zubu dosahovalo hodnoty -11,8 %0 pro dentin a -16 %o pro sklovinu. Z vyslednych
hodnot vyplyva, Ze v potravé studovaného jedince dominovala C3 biomasa. Tyto hodnoty také indikuji lesni
prostiedi. Na zakladé izotopovych vysledki miizeme téZ konstatovat, Ze v priubéhu Zivota jedince dochazelo ke
zméné potravy - od C3 rostlin smérem ke smiSené potravé nebo C4 rostlinam. Izotopovy zaznam skloviny
predstavuje kratké obdobi v pribéhu formovani zubni skloviny. Naproti tomu dentin se usazuje apozi¢né smérem
do centra zubu béhem celého Zivota jedince, takzZe pfedstavuje zaznam delSiho Zivotniho useku.
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