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TeMnepaTypHbie yoiOBHH H ycjiOBtm uaBjieiniH npii mnHiiKHOiseiiiiii mipo-
nOBbix lupn.ioTiiioH if HX B.Mciiiaioutiix impo.j B Mo.uanvŕiiiKV B paiioiiu 
More.ina 

MH^eKCOBbie MiiHcpanbi nwponoBbix yjibTpa6a3MTOB M BMeiiiaioinero rpa­
HyjiMTa M3yqaJiHCb npn. HcnoJib30BaHHK MHKPOCOHAM. Ha ocHOBaHHn nojiy­
MeHHblX flaHHMX M npH HCnOJIb30BaHHM pa3JIMqHbIX reOTepMMMeCKHX OTHO­
UICHHli H flaBJieHHH pa3HbIX QBTOPOB ObUW BMMHCJieHbl COOTBeTCTByiOm,He 
TeMnepaTypHbie ycjiOBMa n ycjiOBWa flaBJicHHa B03HHKHOBeHMa STMX nopo^. 
MHHepaJioriecKHe accouKanMW rpaHaTOBbix nepwaoTHTOB cooTBeTCTByiOT 
ycjiOBHHM MX 3KBMJiH6pai4MM npii TeMnepaType 1123—1060 °C npw flaajie­
HMM npn6jIM3MTeJlbHO 18 KMJIoÓap. llHpOKCeHbl BCTpeMaiOTCH M B flpyrMX 
yjibTpaocHOBHbix nopoflax npnuiJiM B cocroaHHe paBHOBecua npw TeMne­
paTypHbix ycJiOBax iuoice 200 °C. CJIOJKHOH HBjiseTca MHTepnpeTaitna nojiy­
HeHHMx AaHHbix cooTBeTCTByiomMX MHHcpanorHMccKMx nap fljia nopoji, KO­
Topue B03HMKJIH 6iiMeTacoMaTHHecKMM npoiiecoM Me>tmy nepM^OTMTOM 
M rpajjyjiMTOM. Ha BbiôpaHHOM pa3pe3e paňoHa Morejma OMJIH M3yHeHbi 
Te nopoflbi, KOToptie C0flep>KaT aMcpn6oJi, 6HOTHT, rpaHaT H MecraMH KJIH­
HOnMpOKCeH. Pa3flCJIbHbie BeJUtHHHbl SKBHJIMÔpaUHM B03M05KHO nOJiy^HTb 
pa3JWMHbiMH MeTOAaMM. HanpMMep no nepnyKy (1970) ycjiOBMa paBHOBe­
CHH 6 M B03HHKJ1H npn. TeMnepaTypax npM6jiH3nrejibHO 600° «a>Kc 650 °C, 
no MeTOfly TaHryjiwro (1979) TeMnepaTypHbie BCJIHHHHM 3HaHHTejibH0 BH_ 
uie. 

The PT­cond i t ions of equ i l i b r i um for some pyrope per idot i tes a n d count ry 
rocks in t he M o l d a n u b i a n a rea at Mohelno (Eas tern Moravia , Czecho­
slovakia) 

Pt ­cond i t i ons w e r e ca lcu la ted for m i n e r a l assemblages of ga rne t 
per ido t i te a n d coun t ry g r a n u l i t e a n d biot i te gneiss at t he Mohelno 
local i ty in t h e e a s t e r n M o l d a n u b i a n a rea . The m i n e r a l associat ion of 
g a r n e t per ido t i t e or ig ina ted a t a t e m p e r a t u r e of 1123—1060 °C a n d 
a pressu re of abou t 18 k b a r . T h e t e m p e r a t u r e found using two different 
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thermometers for formation of the banded granulite and granulite 
gneiss with hornblende and biolite were from 600 (650) °C to 800 (850) °C, 
respectively. The conditions for the origin of bimetasomatic reaction 
rocks with garnet, clinopyroxene and hornblende correspond either 
to a temperature of 600—650 °C using Perchuk s method (1970) or to 
860—910 °C using Ganguly's method (1979). 

The presence of pyrope peridotite and 
eclogite bodies in the crystalline schists 
and gneisses is one of the characteristic 
features of the Moldanubicum of the Bo­
hemian Massif. The largest peridotite and 
eclogite bodies are very often surrounded 
by granulite and granulite gneiss. Similar 
relations have been described in the Cen­
tral Massif in Kazachstan, the Muyun-
Kum Massif in the USSR Tchein-Schan 
and the Uralian Ufalei in the USSR. etc. 

It follows from petrographical and mi-
neralogical data that the pyrope peridotite 
often corresponds to the conditions in the 
upper mantle (temperature up to 1200 °C, 
pressure up to 25—30 kbar) when the 
temperature in the crust is less than 
700—800 °C and the pressure less than 
10 kbar. However, it is more difficult to 
explain the structural and metamorphic 
history of polymetamorphosed and po­
lyphase deformed terrains, to which the 
Bohemian Massif belongs, see e. g. the 
memory age of Gfôhl gneiss (1813 Ma) 
and its Hercynian age 341 ± 4 Ma of its 
monazite or the surprising lower age of 
the granulite = 345 + 5 Ma (O. van 
Breemen et al. 1982). Therefore it would 
seem to be usefull to carry out syste­
matical structural (Bowes-Hopgood and 
Mísaŕ, in press) and penological (this 
article) studies of peridotite bodies and 
their surroundings. 

A unique possibility in this respect is 
offered by a very well exposed section 
along the Jihlava river near Mohelno. 
There many peridotite bodies are infolded 
in granulite formations, biotite gneisses 

and Gfôhl gneiss and migmatites. A clas­

sical deep metamorphic contact of bimeta­

somatic character between garnet perido­

tite and country granulite and gneisses 
was found by Z. Mísaŕ (1980) and shown 
to participants of the working group 
"Ophiolites'\ N. L. Dobretsov collected the 
main varieties of rocks from this section 
and. together with E. V. Popov, carried 
out the microprobe analyses in the labo­

ratory of the Geological Institute of the 
Academy of Sciences in Novosibirsk. 

Geology 

The Mohelno peridotite body, together 
wiht garnet amphibolite. granulite and 
granulite gneiss, forms a complicated 
structural unit overthrusted on the Mora­

vicum. The western and southern margin 
of this "peridotite­granulite" unit is of 
tectonic character with mylonite and 
ultramylonite. The Mohelno peridotite 
body and surrounding granulite represent 
a local synform with steeply dipping meta­

morphic foliation along the western 
margin but with nearly horizontal planes 
in the east. In the internal struc­

ture of the Mohelno peridotite body, 
the banded and laminated textures (al­

ternating bands of harzburgite differing 
in the amount of pyroxene and olivine, 
and dunite bands) do not correspond to 
the predominant structures of the country 
rocks. New structural investigations 
(Bowes­Hopgood and Mísaŕ, in press) have 
indicated that the peridotite body and the 
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granulite were folded togeter during some 
later folding phase. Simoultaneously, a 
new distinct metamorphic foliation with 
garnet, hornblende and biotite in the gra­
nulite rocks and metamorphic foliation 
with stretched pyropes in peridotite were 
developed. 

The contact between the peridotite and 
the granulite. studied at this first step only 
along the road cut by Mohelno, is marked 
by a complex rock association of high tem­
perature metamorphic-bimetasomatic ori­
gin. Some of the contact rocks, e. g. biotite 
schist, hornblende-biotite schist, biotite-
hornblende-garnet schist were studied and 
their PT conditions of equilibration were 
calculated from the microprobe data. Ho­
wever, amphibolites. garnet amphibolites. 
spotted amphibolites, and many rock va­
rieties of diorite. granite and gabbro com­
position have been found at other parts 
of the contact (Fig. 1). All bimetasomatic 

reaction rocks forming the contact and 
its petrological and geochemical character 
are now being studied by Dudek, Mísaŕ 
and Jelinek. 

Microprobe mineral analyses and conditions 
for the origin of rocks 

The index minerals from pyrope perido­

tite of the Mohelno body and minerals 
from some country rocks, as well as the 
minerals of some bimetasomatic reaction 
rocks from the contact zone were ana­

lysed by the microprobe method. All se­

condary minerals and low temperature 
minerals were omitted. 

Minerals of pyrope Iherzolite 
and harzburgite 

The main mineral components of the 
Mohelno peridotite (Table 1­1) are pyrope, 

Fig. 1. Geological scheme of the Mohelno area. Original map of Dudek Mísaŕ 
and others. 1 — granulite and granulite gneiss, 2 — high temperature reaction 
zone at the contact between peridotite and granulite, 3 — garnet peridotite 
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Chemical analyses of minerals form Bohemian pyroxenites and peridotites 
Tab. 1 

C o m p o n e n t s 

S iO, 
TiO". 
ALÓ 3 
rr,o-> 
FeO 
M n O 
MgO 
CaO 
Na .O 
K.O 
Total 

S i 
Ti 
Al 
Cr 

Fe 
Mn 
Mg 
Ca 
Na 
Total 
F e + Mn 
Fe + Mn + Mg 

1) 
2) 
3) 
4) 

G a r 

Mohelno 
(1) 

39,3 
0,33 

22,0 
1,33 
8,13 
0,25 

20,30 
5,07 

96,71 

3,028 
0.018 
1,854 
0,075 

0,487 
0,015 
2,124 
0.389 

7,990 

19,1 

Cpx 

51,8 
0.69 
7,11 

2.69 
0,09 

13,9 
19,9 
2,18 
0,0 

98,36 

1.900 
0,019 
0,370 
— 
0,083 
0,003 
0,759 
0,781 
0,155 
4,005 

10,2 

Opx 

54,2 
0,19 
5,07 

7,02 
0,12 

31,7 
0,86 
0,12 
0,0 

99.28 

1,892 
0.005 
0,209 
— 
0,205 
0,004 
1,649 
0,032 
0.008 
4,003 

11,2 

1043 
1123 

820 
1066 

G a r 

(Fiala -

40.89 
0,49 

21,14 
1.66 

10,22 
0,31 

20,54 
4,45 

99,70 

2,940 
0.026 
1,790 
0,096 

0,573 
0,022 
2,190 
0,374 
— 
8,111 

21,8 

Cpx 

S ta ré , 

Opx 

- P a d é r a 1977) 
(2) 

53,18 
0.46 
3,74 
0.81 
2,90 
0,11 

17,10 
19,31 
2,42 
0,12 

100,26 

1,920 
0.013 
0.160 
0,023 

0,087 
0,004 

0,92( 
0,746 
0.169 
4,042 

8,66 

56,14 
0.16 
1.45 
0.09 
7,03 
0,15 

30,98 
1,30 

100,30 

1,940 
0,004 
0,060 
0,003 

0.168 
0,004 
1,751 
0,048 
— 
3.978 

10,2 

1092 
1128 

1070 
1087 

G a r 

Horn í 
(3 

41,23 

23,29 

12,94 
0,41 

15,56 
5,98 

99,41 

3,009 
— 
2.006 
~ 
0,788 
0,026 
1,690 
0,469 
— 
7,988 

32,5 

Cpx 

Bory 
) 

52,72 

6,00 

5.53 
— 

14,28 
19.62 

1,40 

99,68 

1,925 
— 
0,259 

0.169 

0.776 
0,765 
0,101 
3,995 

17,9 

1022 

934 

G a r Opx 
P a d é r a (1980) 

Mohe lno 
(4) 

42,21 
0,01 

22,59 
0,15 

14,20 
0,23 

15.62 
4,18 
0,00 

99,19 

54,72 
0.00 
3.84 
0.33 

10.25 
0.11 

29.7 
0.13 
0.03 

99,11 

Estimation of temperature according to 
vis, Boyd, 1966: 4) Ellis, Green, 1979; 

1) Perchuk, 1977; 2) Ganguly, 1979; 3) Da-

clinopyroxene and or thopyroxene. The 
result of microprobe analyses of garnet-c l i -
pyroxeni te (3) from the qua r ry nea r Bory, 
of "garnet or thopyroxeni te" (from a larger 
inclusion (4) in the Mohelno peridoti te — 
Padéra . 1980. in Mísaŕ ed 1980) as well as 
the pyrope peridoti te (2) from t he Staré 
bore hole (Fiala and Padéra . 1977) are also 
added for comparison. 

The analyzed pyroxenes and pyrope of 
the Mohelno peridoti te are analogous to 

those in the pyrope lherzolite from bore 
hole T­7 as described by J. Fiala and 
K. Padéra (1977). The equil ibrat ion of 
two­pyroxene association indicated by 
Perchuk ' s (1977) the rmometer corresponds 
to a t empera tu re close to 1100 °C. Boyd's 
the rmometer (Davis and Boyd. 1966) indi­

cates a t empera tu re 820 °C and 1070 °C 
probably due to the higher content of 
sodium in clinopyroxene. Mysen's clino­

pyroxene­garnet the rmometer ­baromete r 



Minerals of country gneiss and granulite 
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Microprobe analysis of minerals from country gneisses of the Mohelno peridotites 
Tab. 2 

Componen ts 

SiO> 
TiO, 
A1,03 
FeO 
MnO 
MgO 
CaO 
Na.O 
K 3 0 
Total 

Si 
Ti 
Al 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Total 

(Fe + Mn) . 100 
Fe + Mn + Mg 

T °C* 
T°C** 

Contac t b ime tasomat i c zone 

Gar -2 

38.7 
0.55 

20.7 
26.2 

0.56 
6.99 
6.70 

— 
100.40 

3.000 
0.032 
1.880 
1.707 
0.037 
0.808 
0.556 

— 
8.025 

68.3 

Gar-1 

38.8 
0.46 

21.2 
24.6 

0.44 
7.91 
6.49 
— 

99.90 

2.997 
0.027 
1.925 
1.589 
0.029 
0.910 
0.537 

— 
8.014 

64.0 

6 
369—916 

(5) 

Cpx 

51.8 
0.42 
2.84 
9.73 
0.10 

13.3 
20.8 

0.75 
0.11 

99.85 

1.937 
0.012 
0.125 
0.304 
0.003 
0.743 
0.835 
0.055 
0.005 

4.018 

29.2 

00 

Hb-1 

47.2 
0.92 
5.65 

11.5 
0.09 

12.9 
17.2 

0.88 
0.17 

97.21 

7.092 
0.103 
0.985 
1.426 
0.011 
2.837 
2.722 
0.253 
0.031 

15.443 

33.6 

6 

Hb-2 
\ 

44.5 
1.64 

10.02 
13.9 
0.06 

13.2 
11.4 

1.83 
0.50 

97.05 

6.602 
0.184 
1.755 
1.733 
0.008 
2.924 
1.807 
0.528 
0.095 

15.642 

37.3 

50 

Banded granu l i t e gneiss 

(6) 

G a r I 

39.2 
0.22 

21.1 
26.5 

0.52 
7.57 
5.42 
— 
— 

100.53 

3.023 
0.013 
1.913 
1.708 
0.034 
0.869 
0.447 
— 

8.007 

66.7 

melancra t ic band 

G a r II Cpx 

38.9 ' 51.6 
0.40 

21.4 
24.9 

0.39 
8.96 
6.21 
— 
— 

100.16 

2.987 
0.023 
1.934 
1.599 
0.026 
1.024 
0.429 
— 
— 
8.023 

61.3 

0.46 
3.21 
8.85 
0.15 

13.1 
21.5 

0.80 
0.01 

99.68 

1.931 
0.013 
0.142 
0.277 
0.005 
0.729 
0.860 
0.058 
0.001 

4.015 

27.9 

650 800 
356—858 

H b 

45.2 
1.84 | 
9.43 

13.7 
0.08 

13.0 
11.5 

1.72 
0.69 

97.16 

6.701 
0.205 
1.648 
1.704 
0.010 
2.868 
1.821 
0.496 
0.130 

15.583 

37.4 

700 

Bi 

35.8 
3.19 

14.9 
18.9 
0.10 

12.6 
0.29 
0.12 
9.08 

94.98 

2.742 
0.184 
1.347 
1.212 
0.006 
1.433 
0.024r 
0.017 
0.888 

7.853 

45.9 

725 

* Perchuk (1970), assemblage Gar-Bi, Gar-Hb, Gar-Cpx): ** Ganguly (1979) 

Clinopyroxene-garnet association corres­
ponds to 856—858 °C according to Gan­
guly's method and to 742 °C according to 
the Ellis and Green thermometer . For the 
clinopyroxene hornblende, cl inopyroxene-
garnet and hornblende-bioti te pairs the 
calculated t empera ture is 700—800 5C 
(Perchuk, 1970). The minerals of the leu-
cocratic bands of the same rock and of 
the granuli te wi th cyanite (8) might have 
equilibrated under lower conditions 
(600—650 °C according to the Perchuk 
thermometer) . 

Conclusions 

The deepest PT-conditions for the origin 
are fixed in the garnet-cl inopyroxen-ortho-
pyroxen mineral assemblage of the Mo­
helno peridotite. They correspond to the 
Pt-conditions in the upper mantle. The 
country banded granuli te gneiss and some 
gneisses, because of their polyphase origin, 
still contain some relics of older granuli te 
metamorphic association equilibrated at a 
t empera ture of cca 700—900 °C. The gar-
net-bioti te pair of biotite gneisses indicates 
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leucocrat ic 
band 

G a r 

38.1 
0.21 

20.7 
29.7 

0.79 
5.54 
5.07 
— 
— 

100.11 

3.003 
0.012 
1.922 
1.956 
0.053 
0.650 
0.427 
— 
— 
8.024 

75.5 

Bi 

36.7 
0.90 

15.1 
15.6 
0.01 

15.0 
0.49 
0.04 
6.75 

90.79 

2.850 
0.053 
1.379 
1.015 
0.001 
1.733 
0.041 
0.005 
0.669 

7.745 

37.0 

600 

Biot i te 
gneiss 

(7) 

G a r 

37.2 
0.003 

20.1 
33.2 

1.88 
1.61 
5.94 
— 
— 

99.93 

3.016 
0.000 
1.918 
2.250 
0.129 
0.194t 
0.517 
— 
— 
8.025 

96.2 

400 

Bi 

32.9 
2.70 

14.0 
29.2 

0.18 
8.25 
0.17 
0.09 
7.91 

95.40 

2.646 
0.163 
1.325 
1.965 
0.012 
0.989 
0.015 
0.015 
0.811 

7.941 

66.6 

(?) 

Lept in i te 
(grar ulite) 

wi th kyanite) 

G a r 

37.4 
0.13 

20.7 
35.8 

1.16 
3.68 
1.13 
— 
— 

100.00 

3.007 
0.008 
1.959 
2.413 
0.079 
0.441 
0.098 
— 
— 
8.005 

85.0 

Bi 

33.8 
2.49 

19.6 
21.5 

0.04 
7.46 
0.16 
0.09 
8.82 

93.96 

2.656 
0.147 
1.809 
1.408 
0.003 
0.873 
0.013 
0.013 
0.887 

7.709 

61.8 

650 

only a tempera ture of 600—650 °C. Similar 
data are valid for granul i te with cyanite 
occurring inside the granul i te formation 
near the contact with the Mohelno ul tra-
basic body. 

The PT-conditions for equilibration of 
bimetasomatic rocks at the contact between 
the peridotite and granuli te might be 
reflected in a higher tempera ture (granu-
litic) mineral assemblage and in probably 
younger and lower (amphibolite fades) 
mineral assemblage with hornblende and 
biotite. 

The mineral association of garnet pyro-
xenite (eclogite) inside the Mohelno garne t 
peridotite and also other focalities is a spe­
cial problem. The PT-conditions of the 
origin of these rocks are about 200 °C and 
by 23 kbar lower than the PT-condit ions 
of equilibration in the upper mant le 
garnet peridotite (Mísaŕ — Jel inek and 
Jakeš . 1984). Therefore these pyroxenites 
may be formed in the uppermost par t of 
the upper mantle or in the lower level 
of the continental crust. 
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Tlakové a teplotní podmínky vzniku pyropových peridotitú 
a jejich okolních hornín v moldanubiku v okolí Mohelna 

N. L. DOBRETSOV — Z. MlSAR — E. V. POPOV 

Indexní minerály pyropových ultrabazik a 
okolních granulitú byly študovaný na mikro­
sondé. Podlé získaných dat a použití rúzných 
geotermických a tlakových vztahú rúzných 
autorú byly vypočteny príslušné teplotní 
a tlakové podmínky vzniku téchto hornin. 
Minerálni asociace granátických peridotitú 
odpovídá podmínkám jejich ekvilibrace za 
teploty 1123—1060 °C pri tlaku kolem 18 kilo­
bar. Pyroxenity vyskytující se i v jiných 
telesech ultrabazických téles se dostaly do 
rovnovážneho stavu za teplotních podmínek 
asi o 200 °C nižších. Nejsložitéjší se jeví in­

terpretace získaných dat príslušných mine­
rálních páru pro horniny, které vzniklý bi­
metasomatickými pochody mezi peridotitem 
a granulitem. Z vybraného profilu u Mohelna 
byly zatím študovaný ty, které obsahují 
amfibol, biotit, granát a sporadicky klinopy­
roxen. Rozdílné hodnoty ekvilibrace lze 
u nich obdržet podlé rúzných metód. Napr. 
podlé Perčuka (1970) by podmínky rovnováž­
neho stavu nastaly približne za teplôt kolem 
600 až 650 °C, podlé metódy Gangulyho (1979) 
jsou teplotní hodnoty podstatné vyšší. 


