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An unusual type of garnetiferous migmatite has been studied at 
Tåbor (Moldanubicum of southern Bohemia) characterized by a coarse 
patchy quartzo-felspathic neosome with conspicuously large garnet 
crystals and a biotite paragneiss paleosome. The neosome is very 
different in textura l and mineralogical appearance f rom the paleo-
some. Nevertheless, the chemical compositions of both migmatite com-
ponents are very similar except for the contents of water, manganese, 
iron, and some trace elements. This indicates that the migmatite was 
formed in a process of metamorphic recrystallization f rom a previ-
ously homogeneous biotite paragneiss. Variation in water pressure 
during recrystallization (migmatization) under the conditions of low-
pressure and high-temperature metamorphism is probably responsible 
for the mineralogical differences between the neosome and the 
paleosome. 
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Introduction 

In his publ ica t ion on migmat i t e s Mehne r t 
(1968) summar i zed the basic pr inciples of the 
fo rma t ion of migmat i tes , i.e. mechanica l in -
ject ion of magmat i c mel t , me tasomat ic ex-
change of subs tances and anatect ic dif-
fe ren t ia t ion . 

One of the most impor t an t ways of es tab-
l ishing the origin of migmat i t e s is to compare 
the chemical composit ions of the paleosome 
and neosome.1 This can only be done, how-
ever, if bo th migmat i t e components — paleo-
some and neosome — can be easi ly separa ted . 
The ga rne t migmat i t e of Tåbor is pa r t i cu la r ly 
sui table fo r such a s tudy (Fig. 1). 

1 Designation used according to Mehnert (1968). 

1 

Geological setting and composition 
of the rock 

The ga rne t i f e rous migmat i t e is located in 
the town of Tåbor (southern Bohemia), on the 
r igh t b a n k of the Luznice River . T h e out -
crop has been described in detai l by Cech 
(1965). T h e rock fo rms a body about 80 m 
long and 15 m thick wi th in the paragneisses 
of t h e Moldanub ian Var ied Group, a t the 
contact of the Cent ra l Bohemian P lu ton . The 
P lu ton in t h a t a rea is a b io t i t e -hornb lende-
py roxene syeni te (Fig. 2). The sample s tudied 
is a s t romat i t e -mer i smi te migma t i t e (agma-
tite) composed main ly of dark-co loured 
por t ions of the paleosome and of l ight -
coloured por t ions of neosome. The da rk 
coloured bioti t ic por t ions of the paleosome 



2 Eva Fediukovå and Milos Silk 

(andesine), microcl ine and r a r e s i l l imanite . 
T h e neosome is a rock of g ran i t i c cha rac te r 
w i th l a rge g a r n e t po rphyrob la s t s set in a 
g roundmass of microcline, plagioclase (oligo-
clase), qua r t z and r a r e biot i te and muscovi te 
f lakes . 

T h e ga rne t s a re d a r k r edd i sh -b rown and 
rounded crystals, u p to 2 cm in size. They are 
r a n d o m l y f r a c t u r e d and show biot i te along 
the f r ac tu res . L ight -co loured f e l d s p a r r ims 
envelop the g a r n e t g ra ins (see the l e f t u p p e r 
p a r t of Fig. 1). Novåcek (1932) ident i f ied 
the g a r n e t as a lmand ine (75.29 °/o a lmandine , 

Fig. 1. Distribution of paleosome and neosome in 8.29 % s p e s s a r t i n e , 8.36 °/o p y r o p e , 8.06 %> 
garnetiferousmigmatite. grossular i te) . Tab le 1 gives the resu l t s of 

e lec t ron-microprobe analyses of the g a r n e t 
a re of i r r egu la r and d i f fuse schl ieren- l ike *--* and bioti te. Garne t s show composi t ional 
shape. T h e pa leosome corresponds to f ine - zoning wi th cores enr iched in i ron and m a n -
gra ined biot i te gneiss w i th plagioclase ganese and r ims r icher in magnes ium and 

> \ \ \ o 

X X 3 

Fig. 2. Geological setting of 
the locality. Simplified f rom 
Cech (1965). 1 — Tåbor 
syenite, 2 — Varied Group 
of the Moldanubicum (para-
gneiss and migmatite with 
quartzite, amphibolite and 
erlan interlay ers), 3 — 
Monotonous Group of the 
Moldanubicum (biotite and 
sillimanite-biotite pa ra -
gneiss), 4 — orthogneiss, 5 
— location of garnetiferous 

migmatite. 
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Table 1. Analyses of ga rne t and biot i te f r o m the 
migmat i te . 

ga rne t biot i te 

r im cen t r e paleosome neosome 

SiOo 36.13 36.32 36.48 35.93 
TiOo — — 4.00 4.10 
A'12Ö3 21.20 20.67 19.68 18.42 
Feb 37.18* 37.70S K 21.23* 22.24* 
MnO 0.74 1.10 0.03 0.75 
MgO 1.00 0.95 5.26 5.03 
CaO 3.20 2.90 1.27 1.03 
Na. ,0 — — 0.24 0.21 
K > 6 — — 9.40 9.21 

99.45 99.64 97.59 96.92 

a lmand ine 84.8 85.5 
pyrope 4.2 3.8 
spessar t ine 1.7 2.4 
grossular 9.3 8.3 

* Tota l i ron reca lcula ted to f e r rous iron. 
Analyses w e r e p e r f o r m e d by an A R L - E M X 

microprobe . N a t u r a l ga rne t s and bioti tes w e r e 
used as s t andards . The resu l t s a re t h e averages of 
4 analyses of biot i te and 6 analyses of ga rne t . 

calcium (Fediukovå 1973). T h e f o r m a t i o n of 
ga rne t re f lec ts a decrease in the w a t e r con-
ten t of the rock, a process t ha t took place 
ma in ly at the expense of biot i te in a m a n n e r 
s imilar to the fo rma t ion of cordier i te in o ther 
Moldanub ian migmat i t es (Suk 1964). S y m -
plect i tes of biot i te and qua r t z w e r e f o r m e d at 
t h e expense of the g a r n e t dur ing the last 
re t rogress ive s tage of m e t a m o r p h i c develop-
ment . 

The chemical composit ions of the biot i tes 
in the paleosome and the neosome a re nea r ly 
identical . T h e biot i te of the pa leosome is 
a l te red in places. Only r edd i sh -b rown f resh 
biot i tes w e r e compared . F lakes of t h e green 
a l te red secondary biot i te conta in less Ti and 
K and m o r e Fe t han t h e r edd i sh -b rown bio-
t i te . 

Plagioclase, wh ich is o f t en a l tered, occurs 
in r a t h e r smal l amounts . I t is m o r e calcic 
in the paleosome, w h e r e i t averages andesine 

A 

Fig. 3. A F M d iag ram of Moldanub ian gneisses 
and migmat i tes . S t ippled — f ie ld of paragneisses 
in Cent ra l Bohemia and in Bavar i a a f t e r M. Suk 

1964 and P. Blümel—W. Schreyer 1977. 
1, 2, 3 — pro jec t ion points of ga rne t i f e rous mig-
m a t i t e (full circles = paleosome, open circles = 
neosome). 4 — pro jec t ion points of t h e Molda-
n u b i a n leucocrat ic gneisses (metavolcanites) a f t e r 

Dudek et al. 1974. 

in composit ion. The plagioclase in the neo-
some is oligoclase. K - f e l d s p a r (microcline-
per th i te) is the p r e d o m i n a n t l ight mine ra l in 
the neosome; i ts a b u n d a n c e in the pa leosome 
is small . 

In the b u l k composit ion, the rock is ident i -
cal to some special types of leucocrat ic m e t a -
morph ic rocks of the Moldanub icum (see Fig. 
3). These rocks occur in concordant l aye r s in 
the Var ied G r o u p and a re m a r k e d b y the i r 
h igh potass ium content . According to Dudek 
et al. (1974), these rocks correspond to m e t a -
morphosed t rachyt ic tuf f . The locali ty s tudied 
is appa ren t l y s i tua ted in t h e extens ion of a 
l ayer of this me tamorphosed tuff in the zone 
of migmat iza t ion at the contac t w i t h the 
Cen t ra l Bohemian P lu ton . 

Not only the minera logica l composit ion b u t 
also the s t r u c t u r e of the or iginal gneiss is 
p re se rved in t h e paleosome (Fig. 4). More-
over, some ind iv idua l pa r t s of the pa leosome 
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Fig. 4. Garnet i ferous migmat i te f r o m Tåbor. Preserved paral le l s t ruc ture of the paleosome and 
neosome. 

observed in the migmat i t e still exhib i t the i r 
or iginal geometr ic posit ions in space (Fig. 4), 
wh ich prec ludes m a g m a in jec t ion as the 
origin of the migmat i te . T h e neosome f o r m s 
s t reaks or iented ma in ly along the p r i m a r y 
fol ia t ion planes and along the cross joints. 
Some isolated rounded por t ions of the neo-
some, one cen t imet re in size have of ten de-
veloped in the paleosome and given rise to 
a b io t i t e - f ree plagioclase and qua r t z r im 
a round g a r n e t grains. This implies t h a t t h e 
neosome was fo rmed at the expense of the 
paleosome dur ing the crysta l l izat ion of the 
garne t . Macroscopically, the b o u n d a r y be-
tween both components of the migmat i t e is 
s h a r p and wi thou t any t rans i t ion . Only u n d e r 
the microscope is it seen tha t the mine ra l s 

g row f r o m the neosome towards the paleo-
some. 

Petrochemistry 

Three rock samples w e r e t a k e n f r o m d i f -
f e r en t localit ies of t h e rock, and the i r neo-
some and paleosome w e r e analysed separa te ly 
(Table 2). T h e computed A C F and A ' K F 
values a re given in Fig. 5. 

The ana ly t ica l resu l t s and calculat ions 
show tha t , in chemical composit ion the 
neosome corresponds to the paleosome, b u t 
tha t in m i n e r a l composit ion t hey d i f f e r sig-
ni f icant ly . The two rock components also 
correspond to the s ame m e t a m o r p h i c facies. 
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Table 2. Analyses of the garnetiferous migmatite 
f rom Tåbor. 

N e o s o m e 

M l M 2 M 3 averages 

P a l e o s o m e 

S I S 2 S 3 averages 

SiOo 57.24 59.98 62.31 59.84 
TiOo 0.04 0.32 0.18 0.18 
A1oÖ3 18.95 18.73 18.39 18.69 
Fe 2 O s 0.75 1.23 tr. 0.66 
FeO 7.48 4.13 2.64 4.75 
MnO 0.14 0.11 0.05 0.10 
MgO 0.64 0.45 0.28 0.46 
CaO 1.93 0.55 0.46 0.98 
LiäO tr. 0.01 0.004 tr. 
N a , 0 1.60 1.96 2.06 1.87 
K«0 9.60 11.67 12.60 11.29 
P2O5 0.38 0.11 0.12 0.20 
CO* 0.26 0.17 0.03 0.15 
H0Ö + 0.47 0.54 0.40 0.47 
H.,0— 0.06 0.03 0.18 0.09 
S tr . 0.02 0.01 0.01 
C — — 0.03 0.01 

99.54 100.01 99.74 99.75 

Gamma-ray spectrometric determinations 

U ppm Ra ppm Th ppm 

Paleosome 2.0 4.8 23.8 
Neosome 5.7 4.1 30.2 

SiO» 56.84 60.55 62.18 59.86 
TiOo 0.04 0.46 0.42 0.31 
A12Ö3 20.18 18.72 18.44 19.11 
Fe«0 3 1.23 0.64 0.33 0.73 
FeÖ 5.93 2.69 1.68 3.43 
MnO 0.03 0.01 0.01 0.02 
MgO 0.50 0.60 0.51 0.54 
CaO 1.37 0.43 0.41 0.74 
Li»0 tr. 0.02 0.009 tr. 
NaoO 1.72 2.02 2.10 1.95 
KoÖ 10.28 11.47 13.00 11.58 
PoO, 0.14 0.16 0.13 0.14 
c o 2 0.13 0.14 0.02 0.10 
H-,Ö + 0.75 1.32 0.74 0.94 
HoO— 0.19 0.07 0.18 0.15 
F — 0.032 — t r . 
S — tr . — t r . 
C — — 0.04 0.01 

99.33 99.33 100.19 99.61 

Analyses M 1, S 1 — D. Kucerovå (1969), M 2, 
S 2, — V. Novotny (1972), M 3, S 3 — M. Huka 
(1974), Geological Survey, Prague. 
Gamma-ray spectrometric determination — Labo-
ratory, Uranium Mines, Pr ibram, 1972. 

Fig. 5. ACF and A 'KF diagrams for the components of the migmatite. M 1, M 2, M 3 — projection 
points of neosome, S 1, S 2, S 3 — projection points of paleosome. 
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Fig. 6. Garnet i ferous migmat i te f r om Tåbor. Local concentrat ion of garne t crystals in the neosome. 

No apprec iab le d i f f e rence has been f o u n d in 
the contents of the essent ial m a j o r oxides, 
S i0 2 , CaO, Na a O and K 2 0 . T h e chemical 
analyses of the neosome and paleosome are 
ve ry s imilar . T h e neosome is re la t ive ly en-
r iched in manganese , p r o b a b l y owing to t h e 
s t rong a f f in i ty of Mn to the g a r n e t s t ruc tu re . 
The concent ra t ion of m a n g a n e s e in the 
g rowing g a r n e t w a s p r e s u m a b l y b r o u g h t 
abou t by d i f fus ion in a w a y comparab le to 
t h e concre t ionary g r o w t h of g a r n e t p o r p h y -
roblas ts in crys ta l l ine schists. The en r i chmen t 
of the neosome in i ron is p r o b a b l y due to 
i r r egu la r d is t r ibut ion of the g a r n e t nucleii 
(as is shown on Fig. 6) wh ich can cause local 
accumula t ions of crystals . This local ac-
cumula t ion of ga rne t s is also re f lec ted in the 
var ia t ion in the neosome analy t ica l data . T h e 

remova l of p a r t of the u r a n i u m and t ho r ium 
(Table 2) re leased f r o m the biot i te and ac-
cessory mine ra l s (mainly monazi te) in the 
paleosome is re la ted to the mig ra t ion of 
volat i les dur ing recrystal l izat ion. The com-
posi t ional d i f fe rences be tween the neosome 
and the paleosome a re less s igni f icant t han 
the d i f fe rences among ind iv idua l samples of 
the pa leosome and the neosome and corres-
pond to the migra t ion r ange dur ing the 
recrys ta l l iza t ion period. 

The m a i n d i f f e rence tha t developed du r ing 
the migra t ion of the ma te r i a l is due to 
content of the volat i le components . This is 
especial ly so for the w a t e r content , which, 
according to the analy t ica l da ta is about 50 
per cent lower in the neosome t h a n in the 
paleosome. 
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Discussion 

Examples of migma t i t e origin a t t r ibu ted to 
m a g m a inject ion, metasomat ic i m p o r t of 
a lkal ies and o ther g ran i t i c mater ia l , or 
pa r t i a l ana tex i s h a v e been descr ibed f r o m 
the classical region of S o u t h e r n F in l and (P. 
Eskola, 1933, 1961; A. Simonen, 1948; M. H ä r -
m e 1958, 1959, 1962). Ex tens ive migra t ion of 
the ma te r i a l has been proved in all t he e x a m -
ples quoted. H ä r m e supposed tha t microcl ine 
or ig ina ted a t t h e expense of plagioclase w i t h 
a con temporaneous release of A1203 t h a t gave 
r ise to si l l imanite, cordier i te and a lmandine . 
However , some potass ium, wh ich is re f lec ted 
in the biot i t izat ion of the amphibo le m u s t 
have been impor ted because the or iginal rock 
was poor in this e lement . 

T h e resu l t s of t h e s t u d y of t h e g a r n e t i -
fe rous m i g m a t i t e f r o m Tåbor sugges t t h a t 

a) the fo rma t ion of migma t i t e does no t in-
volve any m a j o r addi t ion or sub t rac t ion 
of ma te r i a l even though the paleosome 
and the neosome are qui te d i f f e r e n t in 
appea rance 

b) the pa leosome and the neosome h a v e 
s imi lar chemical compositions, t h e ma in 
except ion being the w a t e r content . T h e r e 
a re smal l d i f fe rences in the conten t of 
some o ther e lements (Fe, Mn, Th, U) 

c) re la t ive to the pa leosome the neosome is 
deple ted in w a t e r b y about 50 pe r cent. 

I t is suggested tha t no in jec t ion of m a g m a 
or ex t e rna l metasomat ic processes took place 
du r ing the fo rma t ion of the migmat i te . The 
s imilar composit ions of the pa leosome and 
the neosome exclude an origin t h rough ana -
tectic d i f fe ren t i a t ion or t h rough pa r t i a l 
melt ing. The bu lk composit ions of bo th com-
ponents correspond to the bu lk composit ions 
of unmigmat i zed equ iva len t s of this rock and 
bo th t end to h a v e a magma t i c composit ion. 
This is consis tent w i th the in t e rp re t a t ion tha t 
they der ived f r o m t rachyt ic rocks by m e t a -
morph i sm. 

Chemis t ry and t e x t u r e enab le t h e f o r m a -
t ion of the g a r n e t migma t i t e of Tåbor to be 
i n t e rp re t ed only in t e r m s of d i f f e ren t i a l 
recrys ta l l iza t ion of a homogeneous rock as a 
resu l t of hea t ing produced b y the ad jacen t 
Cen t ra l Bohemian P lu ton . W a t e r escaped 
f r o m the hea t ed rock along the jo ints and 
schistosi ty p lanes (Fig. 7). Hydrous minera ls , 
ma in ly bioti te, w e r e decomposed in the de-
h y d r a t e d rock and w a t e r - f r e e minera ls , g a r -
ne ts and fe ldspars , f o r m e d a t t h e expense 
of the p r i m a r y micas. Dur ing this process 
a re la t ive m o v e m e n t of some e lements took 
place. No essential m ine ra l recons t ruc t ion 
occurred in the pa r t s w h e r e the w a t e r content 
r ema ined unchanged . The or iginal rock was 
t h u s divided into two components : a gneiss 
paleosome and a f e ldspa r - r i ch neosome. T h e 
recrys ta l l iza t ion can be expressed b y the 
fo l lowing scheme: 

P a l e o s o m e 

q u a r t z 

p l a g i o c l a s e ( A h ^ q ) 

N e o s o m e 

q u a r t z 

p l a g i o c l a s e ( A 1 1 2 0 ) 

C a 

K - f e l d s p a r 
K 

- j K - f e l d s p a r 

- A I . F e . M n ~ 
b i o t i t e 

g a r n e t 

b i o t i t e 

H j O , F ( U , T h ) 

M a n y o ther Moldanub ian ph leb i t e - s t roma-
t i te migmat i t e s w i th cordieri te , whose che-
mical composit ion does not d i f f e r f r o m tha t 
of non-migmat ized paragneisses (Suk 1964, 
K r u p i c k a 1968), m a y have been f o r m e d in a 
s imilar process. In the course of migmat i za -
tion, these rocks w e r e also deple ted in wa te r , 
F, Ar , Au, P b and radioact ive e lements . 
Deplet ion in H s O can be es t imated to have 
been by about 50 °/o of t h e original amoun t 
(Matolin 1970, S u k 1972). T h e average M n O 
conten t in the specimen of b iot i te pa ragne i ss 
and migmat i t e s is 0.10 °/o, w h e r e a s ga rne t i -
fe rous var ie t ies of these rocks a re enr iched 
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10cm 
i 

Fig. 7. Formation of dehydrated parts in the garnetiferous migmatite. a — macrophotograph, b — 
scheme showing zones of dehydration following the f rac ture pat tern. Dashed lines-foliation planes, dot-

and-dash lines — oblique fractures. 

in manganese ; the i r average content of MnO 
is 0.30 °/o. High va lues u p to MnO 0.60 °/o h a v e 
been recorded except ional ly. Changes in the 
tota l i ron content h a v e not been noted. In 
con t ras t to the migmat i t e s tud ied in the 

p resen t context , t he content of FeoO-j in the 
rocks described above was m a r k e d l y in-
creased dur ing the migmat iza t ion process 
and led to the fo rma t ion of magnet i te . 
The s t r u c t u r e of those rocks, however , does 
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n o t a l l ow t h e c o m p o s i t i o n of t h e t w o c o m -
p o n e n t s t o b e a s sessed s e p a r a t e l y , r a t h e r t h e 
a b o v e s c h e m e f o r t h e o r ig in of a n h y d r o u s 
m i n e r a l s a t t h e e x p e n s e of m i c a s ( f o r m a t i o n 
of c o r d i e r i t e a n d K - f e l d s p a r ) is a lso v a l i d 
f o r t h e s e m i g m a t i t e s . I n a n y case, t h e poss ib i -
l i ty of m i g m a t i t e b e i n g p r o d u c e d b y d i f -
f e r e n t i a l d e h y d r a t i n g m e t a m o r p h i s m m u s t b e 
t a k e n i n to accoun t . 

O b v i o u s l y t h i s p r o c e s s can on ly h a v e t a k e n 
p l a c e if t h e l e u c o c r a t i c c o m p o n e n t of t h e 
m i g m a t i t e i s 
a) of t h e s a m e c o m p o s i t i o n 

b) m o r e a n h y d r o u s t h a n t h e p a l e o s o m e 
c) if t h e c o n t e n t s of t h e r e c r y s t a l l i z e d m i n -

e r a l s a r e p r o p o r t i o n a l to t h e p a l e o s o m e 
c o m p o s i t i o n (e.g. t h e m a g n e t i t e c o n t e n t in 
t h e c o r d i e r i t e - K - f e l d s p a r m i g m a t i t e is 
p r o p o r t i o n a l to t h e q u a n t i t y of a l t e r e d 
b io t i t e ) 

d) t h e t e x t u r a l e v i d e n c e of t h e m i n e r a l s i n -
d i c a t e s t h a t a n h y d r o u s m i n e r a l s o r i g i n a t e d 
a t t h e e x p e n s e of t h o s e r i c h e r i n w a t e r 
(e.g. t h e o c c u r r e n c e of b l e a c h e d h a l o s 
r i m m i n g g a r n e t s ) . 
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