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ACID VOLCANISM AND MINERALIZATION IN THE CADOMIAN AND 
VARISCAN STAGES OF THE BOHEMIAN MASSIF HISTORY 

(Figs. 8j 

A b s t r a c t : C h e m i s t r y of t h e v o l c a n i c s b o t h in t h e C a d o m i a n a n d V a r i s -
c a n o r o g e n s of t h e B o h e m i a n Mass i f e x h i b i t s t w o t r e n d s , t h e e a r l i e r is of 
t h o l e i i t i c a n d t h e l a t e r of a l k a l i c c h a r a c t e r . T h e a l k a l i c c h a r a c t e r d e v e l o ­
p e d by t h e p e n e t r a t i o n of m a g m a t i c m e l t s i n t o t h e e n v i r o n m e n t of h i g h e r 
0' a n d w a t e r p a r t i a l p r e s s u r e . M a g m a e n r i c h e d i n w a t e r a n d a l k a l i e s p a s ­
s e d i n t o a h y d r o t h e r m a l p h a s e w i t h Cu, Pb, Zn m i n e r a l i z a t i o n s . 

C h e m i s t r y of a c i d v o l c a n i c s — k e r a t o p h y r e s d e r i v e d f r o m t h e t h o l e i i t e s 
of i n i t i a l m a g m a t i s m — d i f f e r s f r o m t h a t of a c i d c a l c - a l k a l i c v o l c a n i c s of 
t h e s u b s e q u e n t p h a s e in t h e r a t i o s of Th/U a n d of a l k a l i e s . T h e h i g h e r 
U a n d Th v a l u e s in s u b s e q u e n t v o l c a n i c s s u g g e s t t h a t t h e s e c a n be d e ­
r i v e d f r o m the g r a n i t e l a y e r of t h e e a r t h ' s c r u s t , w h e r e a s k e r a t o p h y r e 
v o l c a n i c s w i t h l o w e r U a n d Th c o n t e n t s a r e r a t h e r of d e e p e r d e r i v a t i o n . 
R e l a t i v e t o t h e P r o t e r o z o i c , t h e V a r i s c a n v o l c a n i c c y c l e is r i c h e r i n p o ­
t a s s i u m a n d in a l k a l i e s a l t o g e t h e r , p a r t i c u l a r l y i n t h e m i n e r a l i z e d a r e a s . 
S t r a t i f o r m m i n e r a l i z a t i o n is g e n e r a l l y a s s o c i a t e d w i t h k e r a t o p h y r e s h a ­
v i n g a h i g h e r a l k a l i c o n t e n t , c h i e f l y KiO. 

An i m p o r t a n t f a c t o r in m e t a l l o g e n y w a s w a t e r , w h i c h w a s b r o u g h t i n t o 
c i r c u l a t i o n t h r o u g h t h e v o l c a n i c a p p a r a t u s , or b o t h v o l c a n i s m a n d w a t e r 
c i r c u l a t i o n r e s u l t e d f r o m t h e s a m e t e c t o n i c a l l y i n d u c e d c a u s e , w h i c h 
c a l l e d f o r t h a r i s e i n t h e r m a l f low. T h i s i n t e r p r e t a t i o n is s u p p o r t e d by t h e 
c o i n c i d e n c e of a n o m a l i e s i n t h e c o n t e n t of w a t e r b o u n d i n m i n e r a l s at 
p l a c e s t e c t o n i c a l l y a f f e c t e d a n d f o l l o w e d by o r e - b e a r i n g a c i d v o l c a n i t e s , 

P e 3 K) M e : XHMH3M ByJIKaHHTOB ^íeilICKOrO MaCCHBa IipOÍIBJlHeTCÍI B KanOMCKOM 
IÍ TaKíKe B BapnŕicKOM oporeHe B AByx xiiMimecKiix TenjieHUHflx 113 KOToptix 
y CTapmero TOjieHTHHecKHii xapaKTep H y MOjio>Kero — mejiOHHoň. 

ITfejioiHasi TeHaeHmiH BOBHiiKajia npi-i npoHi-iKaHHH MarMarimecKHx BbinjiaBOK 
B HaBOju-ieuHyio cpeay. MarMa oôorantena BO^OH H mejio^aMH nepexomijia &0 
rnapoTepMajiLHoii <j>a3Li c MHHepajiH3au,n;iMH Cu, P b , Zn. 

XllMH3M KHCJIblX ByjlKaHHTOB-KepaTO(J)HpOB, KOTOpbie npOHCXOflíIT H3 TOJieH-
TOB nepBH<iHoro MarMaTH3Ma OTjiiraaeTCH OT KHCJILIX ByjiKaniiTOB cy6ceKEeHTHoii 
$a3bi OTHomeuHeM T h / U H mejioqeii. KaqecTBo H T B cyôceKBeHTHbix ByjiKaHHTax 
yKa3biBaeT, mo 3TH ByjiKaHHTbi MO>KHO BLIBCCTH H3 rpamiTOBoro CJIOÍI 3eMCK0H 
KopBi, HO KepaTO(J)HpoBLie ByjiKaHHTbi CKopee H3 rjiySuinx oÔJiacreií. HanpoTHB 
npOTep030HKa BapHHCKHH ByjIKaHHqeCKHH UHKJI TJiaBHblM 06pa30M B OÔJiaCTHX 
MecTOHaxo>KaeHHM S o r a i e Kajii-ieM H Bce TaKH njejio'iaMH. OpaTHcLopMi-roe opyne-
HeHHe KaK npaBHjio CBH3aHHoe c KepaTocf>npaMii HMeioiuHMH Bbicuiee coaep/KaHne-
mej ioieň HJIH oôorameHHbiMH mejiotíaMH, rjiaBHbiM o6pa30M K2O. 

SHa^HTejibHyio pojib npH MeTajuioreHe3Hce HMejia Bona, KOTopaa Sbrjia npiiBe-
neHa B UHpKyjiflUHio ByjiKaromeCKHM anaTHTOM, noTOMy HTO ByjiKaHH3M H mipKyji-
HIÍHÍI BOabI ÍIBJIHIOTCÍI ľlOCJieflCTBHeM OHHHaKOBOH npH^HHbl BbI3BaHH0ÍÍ TeKTOHHKOK 
11 oôycjioBJíHBaiomeii B03pacTaioiuee Tenjioiíoe TeqeHHe. 3 T O nonTBep>KÄaeT coBnajia-
HHe aHOMajiHii B conep>KaHini Bonbi B CBH3HOM COCTOHHHH B MHHepajiax B MecTax 
noa BJIHHHlieM TeKTOHHKH H COnyTCTByiOIlfHX pyaOHOCHbIM KHCJlbIM ByjlKaHHTaM. 

* Prof. R N D r . Z. P o u b a, D r S c , F a c u l t y of S c i e n c e s , C h a r l e s U n i v e r s i t y A l b e r t o v S., 
128 43 Praha 2. 
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Introduction 

In solving tlie genesis of stratiform Cu-Pb-Zn ores in the Bohemian Massif 
much thought has been given to the relationship between mineralization and 
acid volcanics. A direct association of mineralization with acid members of 
the keratophyre suite, particularly with quartz keratophyre is presumed for 
economically important stratiform deposits in the Devonian formations, such 
as the Zlaté Hory (Cu-Pb-Zn), Horní Benešov (Pb-Zn) and Horní Město 
[Pb-Zn] deposits, ( F o j t , 1962; H a v e l k a — P a l a š — S c h a r m, 1964; 
P o u b a, 1971; P e r t o 1 d — P o u b a, 1976 etc.). This assumption is in agree­
ment with the spatial connections of the mineralization maxima with the oc­
currence of major volcanic bodies of acid to superacid nature in the Vrbno 
Zone and the Šternberk—Horní Benešov Zone. 

These relat ionships are less defined in minor Cu-Pb-Zn and Pb-Zn ore 
deposits of the stratiform type in the Orlické hory Mts. ( O p l e t a l et ah, 
1968] and in the Krkonoše Mts. (P e r t o 1 d — K o p e c k ý , 1979; P e r t o l d 
— P o u h a, 1931 etc.), which íire dated as Proterozoic. The spatial connection 
(jf ores with keratophyre occurrence are relatively closer in the Orlické 
hory Mts., being ill-defined in the Krkonoše Mls. 

In the Krušné hory mountain system the only important stratiform Cu de­
posit occurs at Tisová near Kraslice. It is of Early Palaeozoic age and there 
are no rocks in its neighbourhood that might belong to acid volcanics except 
for siliceous rocks, some of which might represent the tuffs ( Š k v o r , 1959; 
ľ o u b a — R e n é, 1975). 

Recently, attention has also been devoted to stratiform deposits in the 
Proterozoic of central Bohemia, particularly in the Jílové Zone ( M o r a v e k , 
197(1) and in the Lukavice formation, Vitanov Formation and others in the 
Železné hory unit ( V a c h t l , 1972; H o l u b , 1978). In these cases the mine­
ralization is also associated with the volcanics of the keratophyre or porphyry 
type. 

On the other hand, there are complexes of acid volcanic rocks in the Bo­
hemian Massif, especially Cambrian 'and Permo-Carboniferous porphyries 
which lack whatever economic mineralization. These rocks involve Cambrian 
porphyry complexes of the Křivoklát—Rokycany Zone (W a 1 d h a u s e r o v á, 
1971), Permo-Carboniferous porphyries of the Vraní hory Hills in NE Bohemia 
(their petrology is described by Fediuk and Schovánek in T á s l e r et al., 
1979), and porphyries from Teplice and Zernoseky areas and other less 
known localities in N Bohemia. All manifestations of mineralization are ab­
sent from these rocks or, as is the case of the Teplice porphyry, are ob­
viously associated with young Tertiary volcanism in their proximity. 

The questions dealt with in this paper concern the differences in meťallo-
genic manifestations of acid volcanics, and the differences caused by geo­
logical age and position of volcanics in metallogenic and tectogenic cycles, 
as well as the chemical trends of volcanics and the primordial sources of 
metals. II has not ye! been cleared up safely whether the source of mine­
ralization was intrnmagmatic or, as granitoids show more and more fre-
quently whether the ores concentrated from solutions of non-magmatic 
source, hy the effect of heat-conditioned circulation of waters. 
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Influence of geological factors 

The stratiform mineralization in the Bohemian Massif is associated with 
volcanic phenomena displayed pricipally by the last members of initial vol-
canism, as is observable in the Cadomian tectonomagmatic cycle and the 
Variscan cycle as well. The older Proterozoic volcanic formations, studied 
in de'ai l by F i a l a (1977, 1978 etc.) show that the more acid members, 
particularly keratophyres and porphyries concentrated into the younger 
members of volcanic complexes. The earlier members predominating in tho-
leiites are only responsible for pyrite mineralization [e.g. in the areas of 
Li ý, Dražen, Kamenec in the Plzeň basin). According to W a l d h a u s e r o -
v á [1969] and M o r a v e k (1978) the keratophyre rocks of the Jílové Zone 
bearing polymetallic mineralization are rather younger members of the vol­
canic complex. Analogous conditions exist evidently also in the Železné hory 
Hills; the stratiform polymetall ic ores are there associated with acid volca-
nics, which appear to be younger than the Proterozoic complex of tholeiitic 
basalts. After the Proterozoic volcanic activity had terminated by the em­
placement of late acid rocks, the period of flysch sedimentation set in, vir­
tually without any volcanic manifestation. Only in the post-orogenic phase 
did appear continental volcanics in the Early Cambrian. These members 
of the subsequent volcanic apparatus are of porphyry chemical composition 
(volcanics of the Křivoklát—Rokycany Zone, studied petrographically by 
W a l d h a u s e r o v á , 1971 ]. 

A very similar situation was repeated in the Bohemian Variscides, where 
the major volcanic activity associated with a complete development of a geo-
syncline is concentrated in the NE part of the Bohemian Massif, in the Je­
seníky Mts. The earlier members of initial volcanism are tholeiites with spo­
radic sulphide mineralization, particularly with pyrite-pyrrhotite ores. The 
main volcanic phase is represented by subalkalic to alkalic basalts, which 
were followed by keratophyre volcanism; this was apparent ly syntectonic in 
essence. Stratiform mineralization was associated with it and with relevant 
changes in the history of the entire Variscan marine basin. Similarly as in 
the Proterozoic, sedimentation of the flysch character followed, and eventually 
the porphyry volcanism of the subsequent type. This, however, did not de­
velop before the consolidation of the Variscide volcano-sedimentary forma­
tions into a continent. The chief representatives of the subsequent volcanism 
occur in the NE Bohemia, some of them are also known from NW Bohemia, 
where they are devoid of significant mineralizations. P e t r a n e k (1977) 
assumes justifiably that a large mass of subsequent porphyries also existed 
in central Bohemia where they gave rise to thick complexes of Permo-Carbo-
niferous arkoses. The granitoids of central Bohemia, the role of which in the 
metallogenic history of the Bohemian Massif is indisputable, originated in 
the subvolcanic layer. 

On account of the incompleteness of geological formations and extensive 
metamorphism in the Krušné hory and Krkonoše Mts. it cannot be decided 
whether or not the geological history of volcanics and associated minerali­
zations proceeded in the same way in their Proterozoic and Palaeozoic units, 
but geological extrapolations are suggestive of such a trend. Since only lower 
layers of the orogens have been preserved in all parts of the Bohemian 
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NLassif, it is necessary to reconstruct the units which succumbed to erosion. 
This is most difficult to do in the Cadomian cycle; as concerns the Varis-
cides, the molasse sediments of intermonťane depressions and particularly 
Zechstein sediments of the Mansfeld type deposited at the periphery of the 
Bohemian Variscides provide some clue to the solution of the problem. They 
indicate that the Variscan volc-anics, including the subsequent ones, had to 
be very rich in mineralization. 

The analogies in the Cadomian and Variscan history of the Bohemian 
Massif suggest a similarity of the principles of metallogeny. The maxima of 
mineral izat ion will fall in the last phase of initial volcanism, from which 
the ore occurrences are known, and in the entire phase of subsequent vol­
canism, the mineral ization of which in the today clestructed units can only 
be postulated. 

Influence of petrological and geochemical factors 

The correlation of the petrology and chemistry of volcanic rocks, both mi­
neralized and barren, is considered to be one of the most promising appro­
aches to the recognition of the relat ionship between acid volcanism and me­
tallogeny. To answer the question of the chemistry and petro­
graphy of the volcanic units of these two types would be probably more 
simple if they were preserved in completeness and if they had not been af­
fected by Variscan metamorphism. Under the existing conditions we have to 
be satisfied with approximate results, only some of which are usable for the 
solution of the problem. Suitable for the expression of the chemistry of vol-
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l-'ig. |. Schematic m;i[) of principal occurrences of Cadomian and Variscan volcanics 
oľ tiio Bohemian Massif (except for area:; affected by hygher-grade metamorphism). 
I • Variscan initial volcanics, 2 — Cadomian initial volcanics, 3 — Variscan sub­
section! volcanics, 4 — Cadomian subsequent volcanics. Major occurrences of strati­

form mineralization are marked by symiiols Cu, Pb, Zn. 
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canics proved to be Jensen's diagram, as it respects the relatively stable com­
ponents (Al 2 0 3 )/(FeO + F e , 0 3 + Ti0 2 ]/(MgO). The values plotted in the 
diagram are given in mol. per cent ( J e n s e n , 1976). We have tested with 
good results the diagram of MgO/total iron (in mass per cent) in studying 
the evolution of ore-bearing magmas with respect to their development at 
a certain partial pressure of oxygen (in P o u b a, 1971; P o u b a — in print; 
P e r t o l d — P o u b a . 1976). 

Jílové-Zone Orlické hory-Ktodzko unit 
Mariánské Lázně complex 
Železné hory Mts. 

Fig. 2. Proterozoic and Devonian volcanics of the Bohemian Massif in J e n s e n ' s 
diagram. (Proterozoic: Barrandian, Jílové Zone, Mariánské Lázně complex, Železné 
hory Mts., Orlické hory—Klodzko unit; Devonian: Jeseníky Mts. — After P o u b a 

in print.) 

In Fig. 2 the chemistry of the Proterozoic volcanics of the Teplá-Barrandian 
region is shown in Jensen's diagram. This summary diagram shows that the 
set of rocks (characterized petrologically by F i a l a , 1977) involves a com­
bination of several geochemical suites of volcanics. The overall chemical 
trend, however, reveals that at a certain a reversal of the tholeiitic trend 
of volcanism into the alkalic trend took place. From the geological l i terature 
this reversal is known to have occurred between the volcanic units building 
up the central part of the Barrandian basin, which K e 11 n e r (1918) denoted 
as the spilitic and post-spilitic units. Polymetallic mineral izations are limited 
to the more acid rocks of the later unit, especially in t h e Jílové Zone. The 
field in which fall the Lower Cambrian barren subsequent volcanics (petrolo­
gically studied by W a l d h a u s e r o v á , 1977) coincides with the field of 
Proterozoic acid volcanics in the FeO + F e 2 0 3 : Mg diagram. 

The diagram in Fig. 3 again shows that the basic members of Proterozoic 
magmatism follow a tholeiitic trend, turning into the alkalic branch which 
is represented by keratophyres. With respect to the role of water and 0:< in 
the evolution of magmas in the region of their passage from water-poor en­
vironment into environment rich in water, the reversal of chemistry is likely 
to be connected with the passage of the mantle magmas into the „water-en-
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r i c h e d " p a r t of t h e e a r t h ' s c r u s t , a n d w i t h t h e f o r m a t i o n of a n e w focus 
of d i f f e r e n t i a t i o n . 

T h i s c h e m i c a l r e v e r s a l is k n o w n f r o m t h e J e s e n í k y Mts . ( F i g . 4 ) . At t h e 
p l a c e of a s u d d e n i n c r e a s e in p a r t i a l o x y g e n p r e s s u r e it is a c c o m p a n i e d by 
t h e f o r m a t i o n of Fe o r e s ( F e o x i d e s ] a n d , e v e n t u a l l y , by t h e d e v e l o p m e n t of 
a b r a n c h s h o w i n g a t y p i c a l B o w e n ( a l k a l i c j t r e n d , w h i c h is t e r m i n a t e d by 
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Fig. 4. Devonian volcanics of the Bohe­
mian Massif in Jensen's diagram. Circled 
clots — acid subsequent volcanics of 
Permo-Carboniferous age. Fe; CLI Pb. Zn 
— the associated ores. (After P o u b a — 

in print, modified.) 

s t r o n g l y q u a r t z o s e k e r a t o p h y r e s to s i l e x i t e s ( P o u b a , 1971) . At t he end 
of th i s b r a n c h t h e r e a p p e a r r o c k s a c c o m p a n y i n g the Cu-Pb-Zn m i n e r a l i z a t i o n . 
W i t h o u t th is r e v e r s a l the m a g m a w o u l d h a v e p r o b a b l y d e v e l o p e d e i t h e r as in 
t he Lower P a l a e o z o i c of t he B a r r a n d i a n or in t h e P r o t e r o z o i c of t h e Le tov ice 
c r y s t a l l i n e c o m p l e x ( s e e the s c h e m a t i c F ig . 5 a, b ) . 

In the P r o t e r o z o i c of t he T e p l á — B a r r a n d i a n un i t the t h o l e i i t i c r o c k s a r e 
at the p l a c e of t r e n d r e v e r s a l a l so a c c o m p a n i e d by the f o r m a t i o n of Fe oxi­
des , w h i c h in t h e last two c e n t u r i e s w e r e m i n e d i n t e n s i v e l y l a y i n g a bas ic to 
the local iron i n d u s t r y (in the Mi roc i t e a r e a ] . 

The c o m p a r i s o n of the c h e m i s t r y of ac id v o l c a n i c s of the in i t i a l a n d sub­
s e q u e n t p h a s e s in the d i a g r a m s s h o w s t h a t t h e r e a r e no g r e a t d i f f e r e n c e s 
( excep l for a l k a l i e s ] b e t w e e n the r o c k s of the „ g r a n i t i c " ( p o r p h y r y ) vol-
c a n i s m a n d the k e r a t o p h y r e s (F ig . 6 ) . As the k e r a t o p h y r e v o l c a n i s m h a s to 
be de r ived from the bas ic , mos t p r o b a b l y tho le i i t i c" m a g m a s , t h e d i f f e r e n c e 
b e t w e e n Ihe two t y p e s of acid v o l c a n i c s is m o r e p r o n o u n c e d in the Tb/U ra -
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tin, the keratophyres being markedly poor in uranium. This difference could 
be used with advantage in prospecting because in the Bohemian Massif it 
discriminates between the rocks indicating the granite magmatism (usually 
tin-tungsten bearing - Mo :- Li) and those indicating keratophyre volcanism 
(usually accompanied by Cu-Pb-Zn ;_: Ba ores). The difference of U and 
Th contents in acid volcanics are shown in Fig. 7, which is compiled from 
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Fig. 5. Ordovician and Silurian volcanics of ;he Barrandian area [a] and Proterozoic 
basic magmatites of the Letovice crystalline complex (b). (Fe — the associated ores.) 

(After P e r t o l d — P o u b a, 1975 and P 011 b a — in print, modified). 

the data of C h l u p á č o v á (1974); C h l u p á č o v á et al. (1977); C h 1 u-
p á č o v á et al. (1981); R e n é (1980) and other authors quoted in C h l u ­
p á č o v á et al. (1980). 

The chemical differences between initial keratophyre volcanics and sub­
sequent porphyry volcanics are not very great, if the alkalies are disregarded 
and only total iron and MgO are taken into consideration (see diagram in 
Figs. 3,4). The alkalies, if their shifting due to metamorphism is omitted, 
exhibit greater differences in the Proterozoic and Palaeozoic volcanics. Palaeo­
zoic volcanics of the keratophyre type are richer in potassium and sodium 
and display therefore an identical chemical pattern in the SiCs : N a 2 0 : K20 
diagram (Fig. 6) with that of continental volcanics of the subsequent phase, 
which are slightly richer in potassium. The Proterozoic keratophyres are im­
poverished in -alkalies and sodium is the predominant element in them. The 
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Cambrian subsequent volcanism being markedly richer in potassium differs 
strikingly enough from the Proterozoic volcanism. 

In general, the chemistry of acid volcanics appears to have been one of the 
decisive factors in ore concentrat ion; it indisputably influenced the metallo-
geny, particularly in the more alkalic units. The geotectonic history of vol­
canics together with the role of water had probably equally prominent effects. 

K?0 %wt 
Cadonicin acid volcanites 

| Proterozoic submarine acid volcanites 

Í] Cambrian continental acid volcanites 

--

_L 
~--^. 

=,z SiCs%wl 

Na.0% wt 

Variscan acid volcanites 

K20 /twt • Devonian submarine acid volcanites 
A • 

Hpermo-Carboniferous continental acid volcanites 

Nn.,0 % wt 

[•'lg. (i. Tin: M,i:():K:() ratio relative to S i0 2 in Cadomian — 6a and Variscan — 6b 
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diagram shows Variscan acid volcanics to be richer in alkalies, chiefly in K-O. Vol­
canics of lids type arc most frequently accompanied by economic Cu, Pb, Zn depo­

sits. (For references see the lext.) 
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The influence of water-bearing environment is quite distinct in stratiform de­
posits. The water-bearing environment was not only under the influence of 
magma but also of tectonic and metamorphic impacts, which obviously opened 
the paths for water solutions capable of transferring heavy metals. In the 
Jeseníky Mts. the bound-water conditions in the country rocks of the strati­
form deposits have been studied. It has been assessed that in a geochemical 
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, . , c „ywoklát- Rokycany 
porphVV 

f^:- — - . 
" \ : • / - — 

Th ppm 

Fig. 7. The U:Th ratio in Cadomian and Variscan acid volcanics (Jílové Zone, Železné 
hory Mts., Křivoklát—Rokycany Zone). (Jeseníky Mts., Permo-Carboniferous porphyry.) 
The diagram shows that the two sets have similar ratios of these elements, but their 
fields in the diagram are separated. The difference in the position of the fields 
would be partly smoothed out by introducing a correction for radioactive decay de­
pending on the age of rocks (according to the model of M a t o 1 í n, 1970). Even in 
this case, however, the acid volcanics of initial and subsequent stage would show 

differences, as demonstrated by the diagram. [For references see the text.) 

Clastic sediments 

Fig. 8. Bound water content in the country rock of the stratiform deposit Zlaté Hory. 
The water content is plotted in the diagram showing water contents in individual 
metamorphic zones of the Variscides in the NE part of the Bohemian Massif (after 
P u u b a — S i c h t a r o v á). The curves for thermal gradients of 20°C, 30°C and 50GC 
are plotted according to F y f e — P r i c e — T h o m p s o n , 1978. (Water content in 
clastic sediments.) The area with stratiform mineralization — Zlaté Hory and Florní 
Benešov — associated with acid volcanics shows anomalously higher contents of 

water bound in rock minerals. Numbers 1 —Id — geol. units of analyzed rocks. 
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section perpendicular to the isogrades of metamorphism the minerals in the 
vicinity of the Zlaté Hory ore deposits and volcanics have an increased water 
content (see Fig. 8 a, b). This may represent a relict picture of the primary 
water-bearing environment heated by volcanic activity. It may also be inter­
preted -as a manifestation of the heat flow, which enabled both the volcanism 
and hydrothermal activity joined with metallogeny to have been generated 
( D v o ř á k , 1973). In any case, the metallogeny is not a product of volcanic 
activity alone but it is a result of the coincidence of geological factors, 
among which the chemistry of acid volcanism of the keratophyre type is the 
principal indicator of a certain type of magmatic history. 

Conclusions 

1. Acid volcanics of the Cadomian and Variscan teclogeneses in the Bo­
hemian Massif are developed in two separate and metallogenetically different 
phases. The earlier phase associated with initial volcanism is accompanied by 
the submarine type of Cu, Pb and Zn mineralization. The later phase of the 
subsequent type lacks important ore occurrences, but it has been preserved 
only in relics. 

2. The chemistry of volcanics of both the Cadomian and Variscan orogens 
exhibits two trends, the older of which is of a tholeiitic character and the 
younger is alkalic. It seems that in the development of magma from which 
the volcanics and some Cu, Pb and Zn deposits are derived, a reversal of the 
tholeiitic trend into the alkalic took place when a large amount of magmatic 
melts had penetrated into the water-bearing environment. Magma enriched in 
water and alkalies was developing into the ore-bearing hydrothermal phase. 

3. The chemistry of acid volcanics derived from the trioleates of initial 
magmatism differs from acid volcanics of the subsequent phase in the ratios 
of Th:U and alkalies. The U and Th amounts in subsequent volcanics suggest 
that the latter can be derived from the granite layer of the earth's crust, 
whereas the origin of keratophyres can be rather placed in deeper regions 
underlying the granite layer. Major differences have further been found in 
the contents of alkalies. Relative to the Proterozoic cycle, the Variscan vol­
canic cycle, especially in ore-bearing areas, is r icher in alkalies, chiefly in 
potassium. The differences in ratio of Fe:Mg and other components are im­
material. The stratiform mineralization is generally linked with keratophyres 
richer or enriched in alkalies — mainly in KuO. 

4. An important factor in metallogeny was water, which was either brought 
into circulation by the volcanic apparatus, or both the volcanism and water 
circulation were a result of one and the same tectonically induced cause, 
which gave rise to an increased heat flow. This assumption is supported by 
the coincidence of anomalies in the content of water bound in minerals at 
I IK: sites of tectonic activity and ore-bearing acid volcanics, which are linked 
up wilh Hie intrusions and effusions of basic rocks. 
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