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Abstract 

An attempt is made to interpret the origin of the Pohorje metamorphic 
rocks on the basis of their geochemical features. A total of 187 rock 
samples was examined chemically and under a polarizing microscope. 
Taking into consideration the distribution of the major elements and some 
trace elements seven stratigraphic levels are admitted. Their geochemical 
patterns and petrogenetic grid are shown by graphical projections, 
enabling a comparison of the geochemical facies observed with those of 
preexisting sedimentary deposits and associated igneous rocks. Significant 
differences between the original parent rocks of the various stratigraphic 
levels have been found and thereby a restoration of the paleogeographic 
conditions of the region is given. Some similarities and differences bet-
ween rocks of the Pohorje and the Saualpe regions have been noted. The 
problem of the eclogite-amphibolite relation arose. The composition of 
both metamorphic rocks as well as their distribution in the metamorphic 
levels indicate that the amphibolite has been derived from the eclogite. 

Kratka vsebina 

Zaporedje regionalno metamorfoziranih pohorskih kamenin je razde-
ljeno na sedem enot, ki se med seboj ločijo po stopnji metamorfoze in po 
kameninskih asociacijah. Na njihov izvor se da sklepati po tem, kako so 
v njih porazdeljeni glavni in sledni kemični elementi. V ta namen so 
v laboratoriju petrografsko-geokemičnega centra v Nancy ju kemično ana-
lizirali 187 vzorcev iz celotnega sestavljenega profila. Ker gre za izoke-
mično metamorfozo, se kemični sestavi metamorfnih in prvotnih kamenin 
ne razlikujeta med seboj. Razporeditev geokemičnih parametrov in njiho-
va zveza s petrogenetskimi lastnostmi kamenin sta prikazani grafično. 
Na ta način je možno neposredno primerjati metamorfne kamenine z iz-
hodnimi sedimentnimi in magmatskimi kameninami. Na drugi strani pa 
se posamezne petrogenetske enote kemično znatno razlikujejo med seboj; 
zato je možno sklepati tudi na spremembe v okolju njihovega nastanka. 



Posebej je nakazana zveza med amfibolitom in eklogitom; n juni kemični 
sestavi kažeta, da je amfibolit nastal iz eklogita. P r imer java metasedimen-
tov in metabazitov s Pohorja in Svinške planine kaže na enake prvotne 
kamenine. 

Resume 

Sur la base de 187 analyses (elements majeure et Ba, Sr, Co, Cr, Cu, 
Ni, V) les auteurs dčfinissent les caracteres chimiques des principales 
roches constituant 1'ensemble mčtamorphique palčozoique de Pohor je (Slo-
venie, Alpes Orientales). Cette čtude confirme le bien-fondč de la division 
de cet ensemble en 7 unitčs lithostratigraphiques. Les facias et tendances 
g^ochimiques des formations mčtamorphiques sont compares, dans des 
diagrammes appropries, aux facičs et tendances des series s&timentaires 
et volcaniques. On peut ainsi reconstituer les grands traits des series an-
temetamorphiques et esquisser une interpretation paleogeographique. On 
donne čgalement des £l£ments de compairaison avec les sčries des Saualpe 
qui ont fait l 'objet d'etudes chimiques recentes. Enfin, & un niveau d'ob-
servation plus detaille, on presente des resultats sur le bilan chimique de 
la transformation en amphibolites d'£clogites ayant les caracteres de m6-
tatholeiites de facies abyssal. 
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1. I n t r o d u c t i o n 

P r e v i o u s t o our s tudy , t h e P o h o r j e m e t a m o r p h i c rocks h a d b e e n classif ied 
accord ing to f i e ld re la t ionsh ips , mine ra log ica l c r i te r ia , g r a d e of m e t a m o r p h i s m , 
a n d t h e concept of m e t a m o r p h i c facies . T h u s t h e a l m a n d i n e - a m p h i b o l i t e a n d 
g reensch i s t fac ies h a d b e e n d i s t inguished . Chemica l ana lyses of p a r t i c u l a r rock 
s amp le s w e r e c a r r i e d o u t only in o r d e r t o check t h e minera log ica l d e t e r m i n a -
t ion. B y t h e p r e s e n t w o r k , howeve r , t h e concep t of chemis t ry r e q u i r i n g sys te -
m a t i c chemica l ana lyses has b e e n i n t r o d u c e d as be ing t h e mos t exac t w a y of 
d e d u c i n g t h e n a t u r e of t h e p a r e n t rock, t h e r a n k of m e t a m o r p h i s m , a n d t h e 
pa leogeograph ic f e a t u r e s . 
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Fig. 1. Location map of the area investigated 

2. Geological relations 

The inner pa r t of the Pohorje Mountains is made up of a tonalitic laccolith 
of remarkable dimensions, which is exposed on the top of the massif only (fig. 
1) Elsewhere, it is surrounded by a metamorphic cover. Both the core and its 
cover are penetrated by dacite. The chemical composition of dacite is the same 
as tha t of tonalite. Consequently these rocks could have been derived f rom the 
same palingenetic magma. As to their age, dacite is placed in the Lower Mio-
cene, whereas the age of tonalite is open to dispute. The contact of these 
igneous rocks wi th adjacent metamorphic rocks is distinct. 

The Pohor je metamorphic rocks have been produced by a process of regional 
metamorphism, decreasing in its intensity f rom the bottom to the top of the 
rock sequence. According to previous mineralogical examinations (A. H i n -
t e r l e c h n e r - R a v n i k , 1971, 1973), no zone associated wi th sillimanite 
occurs which would indicate the highest grade of metamorphism. The great 
major i ty of the metamorphic sequence belongs to the almandine-amphibolite 
facies, characterized by almandine, kyanite, and staurolite crystals, as well as 
by eclogite lenses. A minor part , however, consists of rocks corresponding to 
the greenschist facies. The transitional zone between both the almandine-
amphibolite, and the greenschist facies, which is well developed in the Saualpe, 
is much reduced in the Pohorje. 

The application of geochemical analysis to metamorphic rocks proved to be 
suitable for the recognition of the physical and chemical conditions under which 
the rock in question originated. It is considered that metamorphism involves no 
bulk changes in the chemical composition of the parent rock, regardless of the 
water and carbon dioxide driven out by the metamorphic process. Consequently 
the geochemical features of a metamorphic unit reflect the pre-existing sedi-
mentary rock succession and the associated igneous rocks. This analytical 

3. Geochemical aspects of the investigation 
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Fig. 2. General location map of the analyzed metamorphic rocks f rom the Pohor je Mts. 
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Fig. 3. Columnar section of the Pohor je rock sequence 



Fig. 4. The Pohor je metamorphic rocks shown by the parameters: 
[Si/3 — (Na + K + 2Ca/3)] versus (Fe + Mg + Ti) (after H. d e l a R o c h e , 1964 and 

B. M o i n e , 1971) 
The parameters are calculated f rom the cation numbers of the corresponding weight 

per cent of the oxide molecules 

method requires a large number of samples which must be taken in accordance 
with the thickness of the section examined and the characteristic rock associa-
tions (B. M o i n e , 1971). Since the whole metamorphic sequence (fig. 2) as 
a continuous section does not appear at any one profile, seven partial sections 
have been properly chosen to illustrate in detail the vertical succession of the 
characteristic rock associations as well as the lateral variations (fig. 3). The total 
number of samples taken amounts to 187. They were distributed over the seven 
selected lithological units from the bottom upwards, as follows: 24, 32, 47, 17, 
10, 29, 28 samples, each having a weight of one to three kilograms. 

The analyses were carried out at C. R. P. G. in Nancy under the direction of 
K. Govindaraju following the standard program, developed in this laboratory. 
The major elements: AhOs, Fetot as Fe203tot, MgO, CaO, the minor elements: 
MnO, Ti02, and the trace elements: Ba, Co, Cr, Cu, Ni, Sr, and V were analyzed 
by direct-reading emission spectrometry (using an ARL quantometer). The SiC)* 
is dosed by atomic absorption, the Na20 and K2O by flame photometry 
(K. G o v i n d a r a j u , 1973). Automatic computing, automatic graphical cal-
culation, and plotting of the analytical results are reported following the pro-
grams, elaborated by the computer group at C. R. P. G. (P. I s n a r d e t a 1., 
1975). 
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Fig. 5. The Pohor je acid and intermediate metamorphic rocks characterized by the 
parameters Na/ Al versus K/Al (B. M o i n e e t a l , 1974 and B. M o i n e e t a l , 

1976) 
^ A The parameters a re calculated f rom the cation numbers of the corresponding weight 

per cent of the oxide molecules 



Fig. 6. The Pohor je acid and intermediate rocks defined by the parameters K/(A1-Na) 
versus (Fe + Mg)/(A1 — Na) (after B. M o i n e e t al . , 1976) 

The parameters a re calculated f rom the cation numbers of the corresponding weight 
per cent of the oxide molecules 

The weight per cent of the various oxides obtained from the chemical ana-
lysis of a rock has no geological significance. By powdering and analytical 
preparation, the rock structure is destroyed and the distribution of particular 
elements in different minerals is not evident either. For the interpretation of 
the chemical results related to different problems, the reconstitution of the 
natural relations between chemical and mineral composition must be achieved 
in several graphical projections. 

In the QFM diagram (fig. 4) the parameter Q has been made equal to 
[Si/3-(Na + K + 2/3 Ca)], whereas M equals (Fetot + Mg + Ti). Both are plotted 



Fig. 7. The Pohor je basic rocks defined by the parameters Ri = 6 Ca -j- 2 Mg + A1 ver-
sus R2 = 4 Si — 11 (Na. + K) — 2 (Fe + Ti) (afer H. d e l a R o c h e and J. L e t e r -

r i e r , 1973) 
The parameters are calculated f rom the cation numbers of the corresponding weight 

per cent of the oxide molecules. 

in oblique coordinates. These parameters were developed by H. d e l a R o c h e 
(1964). The Q value is found to be 555 for quartz, and nearly zero or zero for 
feldspars and the essential mafic minerals. The value of the parameter M is 
zero for quartz, feldspar, pure muscovite, and nearly 555 for the main mafic 
minerals. The corresponding figure 4 is a part of a triangular diagram, showing 
the most important rocks, with respect to the proportions of quartz, feldspars, 
and mafic minerals they contain. In the QFM diagram a grid, corresponding to 
the parameters of the main igneous and sedimentary rocks, has been plotted 
for reference. B. M o i n e (1971) has shown that these parameters are appro-
priate for distinguishing between graywackes and rocks of granodioritic com-
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posi t ion. T h e f ie ld of t h e g r a y w a c k e s is d i sp laced t o w a r d s q u a r t z a n d t h e 
m a f i c mine ra l s . T h e r e b y t h e i r s e d i m e n t a r y o r ig in is ind ica ted . 

F o r a de ta i l ed compar i son of t h e chemica l composi t ion of a s e d i m e n t a r y 
rock to i ts mine ra log ica l f e a t u r e t h e d i a g r a m (fig. 5) Na /Al v e r s u s K / A l w a s 
u sed (B. M o i n e e t a l . t 1974, B . M o i n e e t al., 1976). T h e N a / K r a t i o w a s 
o b t a i n e d f r o m t h e r e l a t i on Na /Al v e r s u s K/Al , t h e a l u m i n i u m v a l u e be ing 
cons tan t . T h e m a i n t y p e s of de t r i t i c rocks a r e d i s t r i bu t ed accord ing to t h e i r 
r e l a t i v e con t en t in a lbi te , K - f e l d s p a r s , a n d c lay mine ra l s . Q u a r t z a n d c a r b o n a t e s 
h a v e no in f luence . 

In de t r i t i c rocks, s o d i u m is m a i n l y c o n c e n t r a t e d in t h e a lb i te . S u b t r a c t i n g 
t h i s phase , t h e d i f f e r e n c e in t h e r e l a t i v e p r o p o r t i o n s of po t a sh f e l d s p a r a n d 
especial ly of d i f f e r e n t clays, l i ke illite, chlor i te , mon tmor i l l on i t e , or kao l in i t e 
c a n be ob ta ined . T h e co r r e spond ing p a r a m e t e r s (K/Al—Na) v e r s u s (Fe + Mg)/ 
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(Al—Na) are plotted in fig. 6 (B. M o i n e e t a l , 1976). In this way the cla-
yey composition of shales can be analyzed. 

For a detailed study of the basic volcanic rocks the diagram in fig. 7 is 
shown. Its parameters, Rt = 6 Ca + 2 Mg + Al against R* = 4 Si —11 (Na + K) 
— 2 (Fe + Ti), were calculated in order to present the projection of Yoder and 
Tilley's tetrahedron along the critical plane of silica saturation (J. L e t e r r i e r . 
1972, H. d e l a R o c h e and J. L e t e r r i e r , 1973). The diagram shows the 
first bisectrix, which corresponds to the projection of this plane, as well as the 
areas of tholeiite, hyperaluminous and alkali basalts with their differentiation 
trends. 
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The basic rocks could be distinguished also by a comparison of the KaO 
variation with the ignition loss (fig. 8). The trace elements of the metabasites 
are shown by the ratios FesOatot/TiOs, Cr/V, Co/Ni and Ba/Sr (figs. 9 a, 9 b, 9 c, 
and 9 d). 

The (A1/3-K) versus (Al/3-Na) diagram (fig. 10 a) was proposed by H. d e 
l a R o c h e (1968). It is based on a different geochemical behaviour of alumi-
nium and alkali metals occurring in igneous and sedimentary rocks. From the 
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distribution of the rock forming minerals a clear distinction between the fields 
of the rock groups can be recognized. A chemical difference between the 
graywacke and pelite is also indicated. The K-feldspar, anorthite, and albite are 
located at the poles of a quasi-equilateral triangle as it is evident f rom the 
f igure 10 b. The clay minerals having K > Na are distributed on the right hand 
side of the diagram. Quartz, carbonate and Fe-oxides are located in the centre. 
The influence of ail the minerals contained in a rock is thus reflected in dia-
gram 10 a. 

The chemical analyses of representat ive rocks constituting each meta-
morphic level are assembled in the tables 1 to 7. 

4. Petrology and geochemistry of the lithostratigraphic units 

4.1. The augen gneiss level 

The rocks of the deepest metamorphic level are visible at the surface in two 
areas, those of Oplotnica—Mislinja and Šmartno, simply because they have been 
displaced by tectonic movements. Consequently the thickness of the level varies 
f rom 600 to 1000 meters. The level was sampled at three profiles varying in 
petrological composition. 

The augen gneiss level is the only metamorphic level in the Pohor je Mts. 
which is characterized by acid rhyolitic and rhyodacitic volcanism indicated by 
the chemical composition of augen gneiss and associated f ine-grained gneiss 
varieties. About 40 per cent of the rocks occurring along the Mislinja brook 
(profile 1) and the Polskava brook (profile 4) show an augen structure. Along 
the Dravinja river (profile 2), biotite-muscovite schist and gneiss prevail. They 
originated f rom immature shale and graywacke. Only in this profile do some 
thin amphibolite intercalations occur. They appear to be derived f rom basalt. 

The acid meta-volcanic rocks of both the Mislinja and the Šmartno areas 
show somewhat di f ferent geochemical properties. In the Mislinja area, the bio-
tite-muscovite augen gneiss is interlayered with muscovite gneiss of aplitic 
character. The lat ter indicates a composition close to rhyolite (figs. 4, 5, and 
10 a). The augen gneiss, which contains less quartz and more iron shows, 
however, a tendency towards dellenite. Some immature arkoses may geochemi-
cally resemble acid igneous rocks. As the analyzed samples do not show any 
sedimentary trend, they are considered to be of volcanic origin. 

The biotite augen gneiss and biotite gneiss f rom the Šmartno area have a 
rhyodacitic composition. There exists a transit ion to the geochemical properties 
of the biotite-muscovite augen gneiss f rom the Mislinja area (fig. 4). But the 
Šmar tno biotite augen gneiss is more melanocratic due to a higher (Fe + Mg)-
content. 

Fig. 10 a. The Pohorje metamorphic rocks represented by the parameters (Al/3 — K) 
versus (Al/3 — Na) 

Fig. 10 b. The main igneous and sedimentary areas and tendencies presented as 
functions of the different behaviour of K, Na, and A1 (after H. d e l a R o c h e , 

1968 and B. M o i n e , 1974) 
The parameters are calculated f rom the cation numbers of the corresponding weight 

per cent of the oxide molecules 



Two different samples of interlayered fine-grained biotite gneiss were ana-
lyzed. One of them corresponds geochemically to rhyodacite (sample 50 B), 
having fine grains of K-feldspar in the matrix. The other one containing more 
biotite, shows a sedimentary tendency towards graywacke, like the rocks f rom 
the second profile of this level (sample 46 A). Its lower quartz content and a 
higher (Fe + Mg)-content can be clearly seen in the QFM diagram. 

The muscovite schist associated with augen gneiss along profiles 1 and 4, 
is less developed (sample 36). It belongs to the range between graywacke and 
shale (figs. 10 a and 5). The high value of Na/K ratio indicates the relatively 
high albite content of the original sedimentary rock and therefore its low 
maturi ty. 

The muscovite-biotite schist and gneiss f rom profile 2 correspond to the 
broad field of graywackes and shales (figs. 4 and 5). Regarding the schists, this 
is in agreement with the mineralogy of analyzed gneisses which are richer in 
plagioclase. The gneiss samples are descended f rom graywackes with some 
arkosic tendency. On the other hand, the schist samples are derived f rom not 
very mature shales. Their feldspar content is low (fig. 4). The geochemical field 
between illite and chlorite (fig. 6) corresponds to the clayey constituent of 
samples. The gneiss samples examined by the same parameters exhibit an 
increased content in K-feldspar. 

Only in profile two of the level do there occur interstratified garnet-amphi-
bole schist and amphibolite, representing original basic volcanic rocks (figs. 4, 

Table 1. Chemical analyses of the rock samples taken from the augen gneiss level 

Sample S ; 0 2 A , 2 ° 3 F e 2°3to t MnQ MgO CaO N a 2 0 K 2 ° Ti02 I .L . Total 

1A 72.01 14.37 1.69 .04 .45 .86 2 .99 5.44 .25 .94 99.04 

IB 69 .58 14.75 3 . 2 0 .06 .95 1.79 3 .09 5 . 0 0 .62 .87 99.91 

50 68.14 14.87 4 . 1 9 .07 1.19 2 .48 2 .98 4 .74 .71 .63 100.00 

506 70.30 14.17 3.31 .06 .99 2 .18 3.01 4 .34 .55 .53 99.44 

68 69 .03 14.55 4 .35 .08 1 .85 1.94 3 . 1 5 2 .96 .54 .19 99.64 

82A 58 .00 19.91 9.51 .14 3 .16 .41 1.18 3 .79 1 .20 2 .68 100.18 

82B 76.19 13.94 .60 .04 .07 .23 5.22 3 .03 .00 .69 100.01 

83A 48.22 14.90 11.13 .19 6 . 6 3 12.01 1.64 .79 1 .80 1.61 98.92 

150 47 .45 14.43 14.02 .23 5 .72 10.36 3 .29 .81 2 .73 .71 99.75 

Sample 1 A: muscovite gneiss of aplitic character close to rhyolite 
Sample 1 B: biotite-muscovite augen gneiss close to dellenite 

Sample 50: biotite augen gneiss close to rhyodacite 
Sample 50 B: biotite gneiss geochemically corresponding to augen gneiss of rhyodaci-

tic composition 
Sample 68: biotite-muscovite gneiss of aplitic character derived from a graywacke 

Sample 82 A: muscovite schist derived from a shale 
Sample 82 B: aplitoid gneiss 

Sample 83 A: garnet amphibolite close to tholeiitic basalt 
Sample 150: amphibolite close to alkali basalt 



7, 8, and 10 a). The amphibolite varieties (samples 83 A and 83 B) have a compo-
sition close to tholeiitic basalt. The amphibolite (sample 150) abounds in alkali, 
especially in Na, and is closer to alkali basalt (fig. 7). The same feature may 
develop, however, through metasomatism and spilitization. 

In Šmartno augen gneiss small synmetamorphic serpentinite and some harz-
burgite inclusions have been observed (samples 48 A and 48 B). Amphibolite 
with a partly preserved magmatic texture (sample 47 A) also occurs together 
with the ultrabasite. This rock is chemically related to alkali basalt showing 
a sodic tendency (fig. 7). 

The rocks of the augen gneiss level reflect a clastic sedimentation associated 
with acid volcanism in an eugeosyncline. 

4.2. The marble level 

The marble level occurs in two separated areas in the southern and eastern 
part of the massif, clearly exposed between the Oplotniščica and Dravinja 
brooks, and north of Šmartno, towards Ruše. The rock sequence is about 900 
to 1000 meters thick. It was sampled along three profiles. 

The prevailing metasediments are biotite ± muscovite schist and gneiss 
(52 per cent) and flaser gneiss with ± almandine ± kyanite (15 per cent). 
Amphibolite varieties represent an important group (10 to 30 per cent). 

Thin layered marble is a common rock only in this metamorphic level. It 
is more abundant in the southern part of the massif, where it represents up to 
30 per cent of the horizon, than in the northern part. The MgO-content of 23 
analyzed samples, taken from Zreče marble, amounts to 20 per cent, which 
corresponds to dolomite. Accessory minerals in the marble, originating from 
siliceous and argillaceous admixtures, are represented by quartz and calcium-
-bearing silicates, as also some ore minerals and graphite. 

Quartzite makes up 5 to 10 per cent of the level. Usually, it contains acces-
sory silicates of corresponding metamorphic degree, derived from argillaceous 
admixture, and also some graphite. 

The samples of schist and gneiss intercalated with flaser gneiss are evaluated 
together, as there is little geochemical difference between them. Twenty-one 
samples were analyzed. They are considered to originate from graywackes and 
shales, displaying a large variation of sodium and potassium (figs. 5 and 10 a). 
Their (Fe + Mg)-content is high and fairly constant, notwithstanding the fact 
that the ratio between aluminium and alkalies, as well as between sodium and 
potassium, varies considerably (figs. 4 and 5). The metasediments remain very 
fine-grained, in spite of their high metamorphic degree. Their graywacke com-
position shown in the different diagrams might, therefore, correspond to rather 
immature shales, whose albite component has not yet been disintegrated during 
weathering. 

The schists of profile 4 show a large dispersion in their alkali and aluminium 
contents. Flaser gneiss with almandine + kyanite shows the same feature. If 
containing kyanite, it represents the most mature and Al-rich rock of the level 
(samples 56, 70 A and 157 A in fig. 5). Without taking into consideration such 
samples, the geochemical variability of the schists of this level would be much 
reduced (fig. 10 a). 



The greatest degree of deviation from the general geochemical properties 
of schists is shown by a light biotite-muscovite gneiss (sample 161). Its (Fe + 
Mg)-content is very low (fig. 4). An unusual geochemical feature is shown by 
a fine-grained biotite gneiss (sample 155). This is an intermediate rock, poor in 
silica and rich in feldspar, which could have been derived from a rhyodacitic 
tuff (fig. 4). 

Some schists contain a large amount of opaque minerals. Their high Fe-con-
tent, related to a somewhat increased Ca- and Mg-content, as well as a lower 
SiO* value, indicate a basic tuffitic admixture (samples 55 A and 157). 

Metabasites are interlayered with marble and biotite schist. Eight samples 
were analyzed. They showed a transitional character between basalt and ande-
site (figs. 4 and 10 a). Their silica content is relatively low, and alkali content 
high. In spite of some possible alkali variation during metamorphism, they 
probably originated from alkali basalt and partly f rom hyperaluminous basalt 
(fig. 7). Some metabasites show a tendency towards ultrabasite, as is proved by 
their high Cr- and Ni-content (samples 10 A and 160, figs. 9 b and 9 c). The 
amount of TiO* is usually high in all samples. But it is a little lower in amphi-
bolite variety, which is related to marble (fig. 9 a). 

Although metabasites associated with marble contain an increased Mg-con-
tent they are not of metasomatic but of magmatic origin. This is proved by 
their high Cr- and Ni-value, too. Alike the metabasites interlayered with marble 
are characterized by a relatively high MgQ/FezChtot ratio compared with those 
interlayered with schist. Only a small decrease in FeaOa-content and thereby 
a small increase of the MgO/Fe2Ostot ratio could be related to metasomatic 
evolution, because a thin Fe-aureole is observed in the Zreče marble associated 
with amphibole schist. 

Table 2. Chemical analyses of the rock samples taken from the marble level 

Sample S i 0 2 
A , 2 ° 3 2 3 tot 

MnO MgO CaO N A 2 0 K 2 O 
™ 2 

I . L . Total 

10A 46 .44 13.72 11.88 .16 9 .10 11.70 2 . 2 9 .50 2 .29 .95 99.03 

54 65 .27 17.28 7 .49 .09 2 . 32 .51 1.61 3 .37 1.14 1.28 100.36 

62 61 .15 16.23 7 .19 .08 3 . 1 9 3 .60 3 .05 3 . 1 0 1.06 .84 99.49 

67F 5 9 . 37 15.91 8 .34 .07 3 .54 4 . 46 1.95 3.01 1.05 .86 98.56 

68A 4 8 . 87 15.38 10.93 .19 5 . 5 4 9.72 3 .27 1.69 2 . 29 1.03 98.91 

7 < * 56 .12 2 2 . 4 4 9 .94 . 0 8 3 . 1 0 .14 1 .10 4.12 1.38 1 .60 100.02 

152 4 4 . 7 7 15.93 1 1 . 1 3 .18 7 .63 11.05 1.96 1.73 2 . 3 4 1.94 98.66 

Sample 10 A: garnet amphiboli te variety derived f rom a metabasite with an ul t ra-
basic tendency 

Sample 54: biotite-muscovite gneiss derived f rom a shale 
Sample 62: biotite gneiss derived f rom a graywacke 

Sample 67 F: flaser gneiss without kyanite 
Sample 68 A: amphibolite derived f rom an alkali basalt 

Sample 70 A: almandine-kyanite f laser gneiss derived f rom a shale 
Sample 152: amphiboli te variety derived f rom an alkali basalt 



The rock assemblage of the marble level, intertongued with pelitic sediments, 
dolomite, quartz sandstone and alkalic basites, proves the existence of a con-
fined basin. 

4.3. The eclogite level 

The eclogite level extends itself along the southern slopes of the Pohorje 
Mts. f rom Slovenska Bistrica over Rogla to Mislinja brook. On the northern 
slopes it is exposed from Hočko Pohorje to the Lobnica brook and thins out 
westwards. The level is about 1000 meters thick. Four sections have been 
sampled in the southern and northern part of the massif. 

The metasediments f rom different profiles of this level can be discussed 
together, as they show the same geochemical features. Eleven samples of the 
almandine-biotite-muscovite schist were analyzed. They show fairly high con-
tents in aluminium and K/Na ratio compared with other metapelites from 
Pohorje (figs. 10 a and 5). It could be derived from a very mature shale. The 
small variations of the low Na/Al ratio are related to the plagioclase content. 
Gneiss derived from graywacke occurs to a smaller extent. The analyzed sample 
of an almandine flaser gneiss contains kyanite aggregates and resembles the 
other metapelites f rom the geochemical point of view, like the flaser gneiss of 
the marble level. Illite-montmorillonite clay, containing some chlorite, was 
probably the original material that yielded muscovite schists (fig. 6). 

Metabasites are the most frequent inclusions of the rock sequence. They 
consist of amphibolite varieties and rare small eclogite lenses. Some eclogite 
lenses were found in the underlying marble level too; one outcrop of eclogite 
occurs in the overlying ultrabasite level south of Ruše. Eclogite is usually rather 
amphibolitized but no sharp boundary between unaltered and altered rock 
occurs. The analyzed metabasite samples consist of eclogite (12 samples), sym-
plektitized eclogite (five samples), amphibolitized eclogite (six samples) and 
layered amphibolite varieties (seven samples). All these rocks show similar 
geochemical features as regards their QFM parameters. They correspond to the 
range between basalt and andesite, showing small differences in silica content. 
The Al-content is high and the K-content low (fig. 10 a). The low potassium 
value is a characteristic of tholeiite basalt of oceanic association. It is encoun-
tered in some eclogite hyperaluminous varieties, too (fig. 7). But the Al-high 
basites did not necessarily derive from hyperaluminous basalts. The basalt 
tholeiite area is even enlarged towards the hyperaluminous field, as is the case 
for numerous oceanic tholeiites. 

Some eclogite varieties are close to alkali basalt due to the high contents of 
Ti02 and NasO. Therefore they could be a product of the spilitization. 

The K20-content of the metabasites of this level is generally very low. In 
eclogites is may drop even to less than 0.1 per cent. It increases to 0.4 per cent 
in amphibolitized eclogites and in some amphibolite varieties. A rough compar-
ison was made between the K2O variation and ignition loss related mainly to 
H2O (fig. 8). This comparison shows that the retrogressive evolution from 
eclogite to amphibolite took place by the addition of HaO and probably also by 
a small addition of K2O ranging from 0.2 to 0.3 per cent. It would be interes-
ting to control this observation with a detailed examination. The data are in 



accordance with the observed amphibolitization of doleritic and gabbroidic 
rocks (M. Piboule, personal communication). 

A low K2O value is a characteristic of the amphibolite of the ultrabasite 
level, too. The metabasites of all other levels show a very high KaO-content. 
Consequently their origin f rom basic rocks rich in potassium is assumed. Never-
theless, some K2O was probably introduced by metamorphism. 

Other differences observed between the eclogite and amphibolite varieties 
are: 

— an increased Ca0/Si02 ratio, with some very high values in eclogite, 
— an increased FesOstot/TiO* ratio and very low TiOs values in eclogite (fig. 

9 a), 
— increased Cr/V and MgO/FesOatot ratios in eclogite compared with am-

phibolite (fig. 9 b), 
— an increased Ni-content in the rocks with very high Cr and MgO values 

(fig- 9 c), 
— a very low Ba/Sr ratio is still lower in eclogite than in amphibolite (fig. 

9 d). 
Magmatic differentiat ion is indicated by the ra ther high variation of 

MgO/Fe*Ostot ratios. The highest ratios, wi th MgO-contents of 9 to 10 per cent, 

Table 3. Chemical analyses of the rook samples taken from the eclogite level 

Sample sio2 A l 2 ° 3 F e2°3tot 
MnO MgO CaO N a 2 0 K2O t i o 2 I.L« Total 

12B 48.02 18.79 5.69 .12 10.08 13.55 1 .B0 .06 .35 .40 98.86 

13A 50.50 15.92 8,65 .17 8.65 11.62 2.15 .10 1.29 .57 99.62 

13B 49.60 16.03 7.84 .18 9.51 11.81 2 .47 .25 .55 1 .37 99.61 

13C 49.51 17.43 7 .20 .14 8.74 11.40 2.26 .73 .62 1.96 99.99 

13D 49.61 16.64 7.27 .13 9.14 11.90 2 .27 .30 .28 1.51 99.05 

14 54.82 22.97 9.67 .18 2.51 .95 1.05 2.82 1.22 2.46 98.65 

14A 61.46 20.90 7.02 .12 1.87 .69 .96 3 .43 .92 2.15 99.52 

31 56.32 20.11 9.01 .18 2.81 2 .89 1.41 2 .80 1.02 2.95 99.50 

156C 49.59 14.16 10.89 .15 6 .67 10.05 4 .99 .26 2.33 .01 99.10 

164 37.16 .76 7.87 .10 37.55 .81 .00 .03 .12 13.68 98.08 

173 53.94 20.73 9.10 .19 2.66 2.32 2.76 3.81 1.07 2 .57 99.15 

Sample 12 B: eclogite with kyanite and primary amphibole 
Sample 13 A: zoisite eclogite 

Sample 13 B: symplektitized kyanite-zoisite eclogite 
Sample 13 C: amphibolitized eclogite 

Sample 13 D: amphibolite 
Sample 14: muscovite schist derived from a shale 

Sample 14 A: kyanite flaser gneiss 
Sample 31: aim andine-musco vite schist derived from a shale 

Sample 156 C: eclogite variety rich in sodium 
Sample 164: serpentinite 

Sample 173: muscovite-biotite gneiss derived from a graywacke 



correspond to eclogite hyperaluminous varieties. Only eclogite with a high MgO 
and AhOs value contains kyanite crystals (D. C o f f r a n t and M. P i b o u 1 e , 
1975). In eclogite, Cr often amounts to 600 ppm; it may exceed even 1000 ppm. 
The higher Cr-contents did not result f rom a contamination during pulverisa-
tion, as they follow the higher MgO value. 

In the eclogite level there also occur the synmetamorphic serpentinized 
dunite wi th harzburgite, and a small body of Mg-rich garnet pyroxenite as well. 
They contain very large quantit ies of the trace elements, like Ni, Co, and Cr. 

The very mature oceanic shale associated with tholeiite basalt is characte-
ristic for the eclogite level. Infrequent ly marble and quartzi te occur. 

4.4. The ultrabasite level 

Along the nor thern slopes of the Pohorje Mts. the eclogite horizon iz over-
lain by biotite-muscovite schist and gneiss, containing metabasites. To a minor 
extent, marble, kyanite f laser gneiss, and synmetamorphic lenses of ultrabasite 
occur. The level was sampled only in one profile. 

Metasediments are the most common rocks of the ul trabasi te level. Five 
schist samples and two gneiss samples were analyzed. In respect of the QFM 
parameters, they correspond to the wide range of graywackes and shales (fig. 
4). Some schists show a quarzite trend. The variation of the Na/Al and K/Al 
ratios results f rom the different degrees of matur i ty of the original sediments 
(fig. 5). Their main par t was quite mature. Schists of this level have inter-
mediate properties between the schists of the eclogite level and all other Po-
hor je schists. Their clayey constituent represents a mixture of preponderant 
illite with chlorite (fig. 6). 

Geochemically well-grouped metabasites occur as amphibolite varieties. The 
original rocks were mainly basalts (six samples); only one sample shows andesi-
tic properties (fig. 4). The metabasites of this level resemble the metabasites of 
the eclogite level, being characterized by a very low K20-content (fig. 8). There-
fore it can be said tha t they probably correspond* to oceanic tholeiites, too, 
comprising some hyperaluminous varieties as well (fig. 7). The FeaOstot/TiOž, 
Cr/V, Ni/Co, and MgO/FesOatoi ratios are high but lower than in eclogite (figs. 

Table 4. Chemical analyses of the rock samples taken from the ultrabasite level 

Sample Si02 A , 2 ° 3 F e 2°3to t 
MnO MgO CaO N a 2 0 K2G Ti02 I .L . Total 

90B 57 .90 20 .28 8 .77 .13 2 .74 1 .35 .71 4 . 1 0 .94 3.61 100.53 

9 X 43 .73 13.64 12.55 .18 9 .16 10.82 2 .98 1 .43 2 .68 2 .30 99.67 

91 60 .95 16.75 8.11 .09 2 . 2 0 4 .68 2 .38 2 .48 1.25 1.29 100,18 

93 48.21 14.40 11.93 .20 8.12 12.06 2 .57 .03 1.65 1 .13 100.30 

Siample 90 B: muscovite-biotite schist derived f rom a shale 
Sample 90 C: symplektitized and amphibolitized eclogite rich in sodium 

Sample 91: biotite-muscovite gneiss derived f rom a graywacke 
Sample 93: amphibolite variety derived from a tholeiite basalt 
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9 a, 9 b, and 9c). The TiOa-content exceeds 1.5 per cent, whereas the average 
Cr-content amounts to about 420 ppm. The Ba/Sr ratio is very low, like tha t in 
the eclogite (fig. 9 d). 

The only symplektitized biotite eclogite (sample 90 C) represents an excep-
tion in this level and corresponds to an alkali basalt, similar to some NaOt- and 
TiOa-rich eclogite varieties of the eclogite level (Fig. 7). The geochemical para-
meters of these rocks, as well their FesOstot/TiO* and Cr/V ratios, may be 
compared. Their Ba/Sr ratio is higher than in other eclogites. 

The sample 88 A taken f rom a small pyroxenite lens is an ultrabasite and 
has an exceptionally high Cr- and Ni-content. 

4.5. The diaphthorite level 

Retrogressively altered rocks occur along an important tectonic line border-
ing the northern par t of the Pohorje Mts. They are, however, more f requent in 
the southern Pohorje area. The thickness of the level amounts to 500 meters. 
The pr imary cover of the diaphthorite level has been completely removed. In 
the southern Pohorje this level is underlain by the eclogite level, while in the 
nor thern Pohorje by the ultrabasite level. Similar geochemical features of the 
rocks building up the ultrabasite and the diaphthorite levels indicate their 
equivalence. 

The rock sequence of this level is uniform. It consists of black-gray diaph-
thorite almandine schist and gneiss. At the deepest par t of the level marble 
and amphibolite occur. The lat ter might belong to the eclogite level, as it is 
underlain by insignificant diaphthorite schist only. 

The Pohorje tonalite pluton has thermically influenced only the retrogres-
sively altered schists. Therefore, along their border, andalusite-almandine 
schist and gneiss may occur. As andalusite schist originates f rom diaphthorite 
schist, their similar geochemical properties will be described together. 

Six rock samples were taken f rom two profiles. The main rock group con-
sists of schist and gneiss showing a normal sedimentary character. Therefore 
no significant chemical changes seem to be related with retrogressive meta-
morphism. The diaphthorite schists are characterized by a constant CaO-content 

Table 5. Chemical analyses of the rock samples taken from the diaphthorite level 

Sample Si02 A , 2 ° 3 F e 2°3to t MnO MgO CaO N A 2 0 K 2 O Ti02 I . L . Total 

20 59 .48 20 .17 8 .60 .15 2 .25 1 .08 .85 3 .70 .70 2.31 99.29 

3 46 .80 15.22 11.15 .20 8.86 12.01 2.51 .18 1.82 1 .60 100.35 

4 70.79 13.07 4 . 3 7 . 09 1.86 2 .70 2 .48 2 .19 .80 1 .57 99.92 

35 58.11 20.34 8 .29 .16 2 .42 1.95 1.54 3 .42 .74 3 .34 100.31 

Sample 20 B: andalusite-biotite-muscovite schist derived from a shale 
Sample 3: amphibolite variety derived from a tholeiitic basalt 

Sample 4: diaphthorite almandine gneiss derived from a graywacke 
Sample 35: diaphthorite schist derived from a shale 



of about 2 per cent, whereas the amount of silica varies considerably. The 
quartz-rich schist and gneiss contain more sodium and are more abundant in 
plagioclase. Therefore, they show a tendency from shale to graywacke, which is 
proved by the Na/Al versus the K/Al ratio (fig. 5). The metasediments of the 
diaphthorite level are geochemically close to those of the ultrabasite and 
greenschist levels. On the other hand, they differ quite a lot from the mature 
schist in the eclogite level. 

The analyzed metabasite sample was taken from the bottom of the dia-
phthorite level. It is geochemically similar to the basites of the eclogite level. 
The amount of CaO contained is relatively high and the amount of KsO is very 
low (fig. 8). Like the former rocks, it probably originates f rom oceanic tholeiite 
basalt, despite its plotting in the hyperaluminous basalt field (fig. 7). 

The rock association lying between the diaphthorite and greenschist levels 
could hardly have been identified in the Pohorje Mountains, whereas it is well 
developed north of the river Drava. 

4.1.—4.5. Inclusions of pegmatoid and aplitoid gneisses 
A part of the Pohorje metamorphic rock sequence crystallized under the 

conditions of the almandine-amphibolite facies. It is characterized by inclusions 
of pegmatoid and aplitoid gneisses. Both represent metamorphosed acid 
igneous rocks derived from a hypothetical magma differentiates. They may 
occur along all rock varieties. Usually they are foliated like the surrounding 
rock; infrequently the later is cut accross by them. The thickness of their sheets 
varies f rom several decimeters to some meters. Their main constituent is quartz, 
the remainder being orthoclase-microcline, albite or oligoclase, and some musco-
vite. No mafic minerals are found in them. 

Nine samples f rom different levels were examined. They represent the most 
leucocratic rocks of the Pohorje Mts., showing deviations in all the fundamental 
diagrams (figs. 4, 5, 6, and 10 a). Their potash and sodium contents vary widely. 
Consequently a leucogranitic and leucogranodioritic character prevails. Leuco-
granodioritic rocks showing a pronounced sodic character are similar to the 
genetically unrelated quartz keratophyre occuring only in the greenschist level. 
The pegmatoid and aplitoid gneisses, being nearly Fe- and Mg-free, show a 
particular geochemical feature as opposed to all other rocks. 

4.6. The greenschist level 
Greenschists occur to a lesser extent along the northern and southern 

borders of the Pohorje Mts. Only southeast of Dravograd is the level well 
developed to a thickness of about 1000 meters. There the majority of samples 
were taken along the profile 6. Only a few of them are from profile 5, north of 
Mislinja. 

In the lower part of the sequence, amphibolite and amphibole schist occur 
(30 per cent). They are associated with biotite and epidote schist (20 per cent). 
Phyllite schist is of interest due to its idiomorphic small pink garnet and 
staurolite crystals (10 per cent). The stratigraphic position of this fine-grained 
staurolite schist is not clear. In the uppermost part of the level, phyllite and 
gneiss phyllite prevail (30 per cent), mainly with a carbonate admixture. Its 



characteristic are inclusions of metakeratophyre and its tuff (6 per cent). Infre-
quently small inclusions of marble, quartzite, and graphite phyllite may occur. 
These different rock groups of the sequence show a corresponding geochemical 
diversity. 

Metabasites and their metatuffs, composed of amphibole, chlorite, biotite, 
and albite-oligoclase, have an alkalic character, being rich in sodium, and some 
of them in potassium, too (fig. 7). They are represented by ten samples. In 
sample 114, a high K20-content and Ba/Sr ratio coincide with the average value 
for alkali basalts. The geochemical position of the alkali basalt breccia (sample 
149), which shows a trend towards ultrabasite, is due to its calcite cement 
unusual in the various diagrams. Samples 119 A and 119 C are close to ultra-
basite, too, having a small content of aluminium, silica, and alkali, but a high 
MgO-content. All the other varieties are spilites, as is clearly indicated in fig. 
10 a. They originate f rom primary basalt and andesite, or from their respective 
tuffs. Their Na20-content varies f rom 3 to 6 per cent. One sample is a carbonate 
phyllite with a tuffaceous spilitic admixture. 

The trace elements vary widely in these basic rocks. In varieties close to 
ultrabasite, the Ni-, Cr-, and V-content are very high. Their KeO-content ranges 
from 0.16 to 0.37 per cent, and their Ba-content from 30 to 100 ppm. In the 
spilitic rocks, too, the Ks O-content and the Ba/Sr ratio vary widely. Their 
Ti02- and V-content are very high and their Ni- and Cr-content very low 
(figs. 8, 9 a, 9 b, 9 c, and 9 d). 

The meta volcanic rocks forming the middle and upper part of the green-
schist sequence are represented by seven analyzed phyllite schists, containing 
different proportions of albite, chlorite, biotite, epidote, and quartz. Their 
original mineralogy was studied first by means of the parameters [Si/3—(Na + 
K + 2 Ca/3)] versus [K—(Na + Ca)], and (Fetot + Mg + Ti) versus [K —(Na + 
Ca)] (H. d e l a R o c h e , 1964). The acid and basic igneous rocks are clearly 
distinguished by these parameters. The rocks of transitional composition 
are dispersed between them. The same results from the analyzed samp-
les (diagrams are not attached). This group of rocks could have been derived 
from graywacke according to their aluminium and alkali relation (fig. 10 a). But 
this is not in agreement with their low silica and high TiOa-, Cr-, and Ni-con-
tent (figs. 4, 8 a, 8 b, and 8 c). Regarding the QFM parameters, they belong to 
transitional igneous rocks, and are displaced from the graywacke field. Their 
removed position may result, partly, from a sedimentary carbonate contamina-
tion. 

The very high KaO-content, related at a given SiOa percentage to Ba and 
Sr, is characteristic for different rocks of shoshonitic association of the island-
arcs (P. J a k e s and A. J. R. W h i t e , 1972). As the potassium content in 
analyzed intermediate volcanic rocks is high, their Ba- and Sr-content are 
increased, but nevertheless they are still low. On the other hand different data 
i n d i c a t e the complexity of the Ba and Sr variation (P. J a k e š and A. J. R. 
W h i t e , 1972; H. P u c h e l t . In: K. H. W e d e p o h l , 1972, Ba 56-E-5). 

In the upper greenschist level, there occur metakeratophyre and its tuff, 
as represented by gneiss phyllite, including albite and occasionally orthoclase. 
With increasing depth, five samples were analyzed; one of them, however, 
appears to be rather deep among the metabasites. These rocks are geochemically 



Table 6. Chemical analyses of the rock samples taken f rom the greenschist level 

Sample Si02 F e2°3tot 
MnO MgO CAO N A 2 0 K 2 O T«O

2 
I . U Total 

5 52.06 24.46 9.13 .17 2.61 .02 .42 5.45 .85 4 .54 99.71 

7A 76.87 12.45 1.25 .01 .23 .00 3 .01 4.45 .00 .86 99.13 

114 45.25 15.96 12,96 .27 6 .27 10.14 2.55 1.33 3 .44 1.74 99.91 

115 50.29 16.24 12.92 .21 4 .24 5.35 5 .63 .76 3.21 l . U 99.96 

119A 42.44 11.33 10.82 .20 9.98 12 . 99 2.14 .37 2.32 6.51 99.15 

12GB 45.77 15.30 9 .93 .15 5.03 8.92 3 .00 1.86 2.39 7.22 99.57 

121 62.09 17.76 6.21 .08 2 .01 1.95 2.95 4.21 .85 2 .12 100.23 

128 55.32 15.92 7 .29 .05 2 .87 3.48 1 .50 5.11 .88 6 .68 99.10 

129C 52.97 17,00 8.01 .13 3.34 6.46 3 ,69 2.85 2 .02 3.35 99.82 

Sample 5: phyllite schist derived f rom a shale 
Sample 7 A: phyllite metakeratophyre originating f rom a rhyolite 

S a m p l e m chiorite-amphibole-epidote schist derived f rom an a lkah basalt 
s!mt>le 115 epidote-biotite-amphibole schist derived f rom a spilite 

Sample U ^ c U o r i ^ ^ e schist derived f rom a basalt with an ultrabaMc 
tendency . 

Sample 120 B: chlorite-albite phyllitic metatut t derived f rom a trachybasalt 
Sample 121: phyllite metakeratophyre derived t rom a quartz t rachyte 

Sample 128 phyllite acid metatuff with sedimentary admixture 
Sample1M Č: alblte-chlorite schist derived trom a trachyandesxte 

very dispersed with respect to their quartz content (fig. 4 ) . They a r e a l s o alkali 
rich" and" sodium usually prevails over potassium, provmg c h a r a 
ter. The original rocks were rhyolite and quartz trachyte. Sample 7 B is poor m 
sodium, but rich in potassium. Therefore, its origin from a shale witti . taif-
aceous admixture can be supposed (fig. 5). It reveals a progressive geochemica 
relation to those phyllite schist and phyllite which show a more aluminous 
c h a r a c t e r Four such samples were analyzed. They displayed a widely varymg 
quartz content (fig. 4) and a high potassium content. T h ^ r r S H r o b a b W 
perties are transitional, between shales and arkoses (fig. 5) and probably 
correspond to a tuff, having a high sedimentary admixture Two samples o 
phyllite schist, with fine garnet and staurolite, taken from the owest part of 
the greenschist level, are even more rich in aluminium and potassium. It there-
fore follows that they do not contain any volcanic admixture. 

The greenschists which overlie a stratigraphic-metamorphic hiatus differ 
essentially f rom the rock assemblages of all other levels. They originate from 
bas!c, intermediate and acid volcanic rocks intercalated by some metapelites. 

4.7. The Magdalensberg level 
The slightly metamorphosed Magdalensberg series is well developed in the 

northwestern part of the Pohorje Mts. to a thickness of 1000 meters. It also 
occurralong their southern border, where it follows a fault between Zrece and 
Vitanje. Two profiles were sampled. 



It is worthwhile to note that Devonian fossils were determined from the 
upper part of the greenschist level in Saualpe. As in the overlying Magdalens-
berg series Silurian age was proved, the greenschist level was supposed to be 
a metamorphosed stratigraphic duplication (J. N e u g e b a u e r , 1970). In the 

f n ^ i t i ^ W e V e r ' " ' i 1 * " h a v e f o s s i l s b e e n nor could a geochemical 
correlation of the greenschists with the Magdalensberg series be determined 
riiaWSTf« " C ° m p o s e d o f Prevailing slates and siltstones including some 
diabase, its tuff and some carbonate rocks. Slates and siltstones are mainly 
derivatives of Al-rich illitic clay containing some chlorite (15 samples) In the 
dark grayish-red slate in the upper part of the Magdalensberg serie the not 
very frequent enrichment of Fe-content is related with TiO, and is usuaUy 
associated with a somewhat increased N a !0-content (figs. 4, 5, 6, and 9 a) The 
slate adjacent to volcanic rocks in the upper part of the series shows a disper! 
sion with respect to the Na/Al against" K/Al relation, too (fig. 5) An increased 

a S r r t h e S l 3 t e " r e I a t e d 8 4 t h e S a m e t i m e i o i t s h * h e r ^ " c o n t e n t Therefore the apparent immaturity of sediments caused by the increased Na-
content originating from a volcanic contamination, has not been conditioned by 
weathering during sedimentation. 

Among the slates of the Magdalensberg series only a few are enriched in 
potassium (four samples). With regard to aluminium and alkali ratio, they 
r ™ ^ rocks in the greenschist level (four samples, figs. 5 and 
10a). The general characteristic of greenschists is a high Na-content, indica-
ting volcanic contamination. This trend, however, is less marked in the Magda-
lensberg series It should be mentioned that the groups compared here refer to 
a stratigraphic interval of considerable thickness in their respective levels 

les n a Z 1 ? ! ™ ^ ™ i n t e r f a t e d W i t h m a r 1 ' r i c h « calcite content (samp-
132 A and l32 B) ^ ° ° n t a i n d o l o m i t e ^ m i x t u r e (samples 129, 

The spilitized diabase conglomerate and tuff have been analyzed from the 
f r S a r e < I * W » \ B ° t h h 8 V e 3 V e f y TiOs-content, which could be an 
nw ° t ' ' a l k a H b a S a U 0 r i g i n " I n ^ g l o m e r a t e the Cr-content is very 

haTe b i n O h ' 7 T S
t K t h e

t
t U " " i S v e r y h i « h ( 5 4 2 P P ^ ) - Similar differences have been observed in the metabasites of the greenschist level. 

, ^ t e r J r - K - W - L o d e m a n n (1970), and J . L o e s c h k e (1973, 1975) the 
pehtic sediments of the Magdalensberg series from Saualpe and Eisenkappel 
S t ; T ? U a n . d S h 0 W a n tociPient d<*r<* o f I t a m o r p h i s m The 

SP, lUi1C r ° C k S Sh,°W f w i d e r a n § e ° f C a " . K-, and Na-content. Small 
ultrabasic bodies were also found. The tuffi te associated with diabase has a 
high Fe- and Mg-content. According to J. L o e s c h k e (1975) the spilites 
Z f U 0 0 n g l n a t e f r ° m a l k a l i o l i v i n e b a s a l t s r e s u l t i n g from submarine erup-
tions. This way is indicated by a comparison of the Ti-, Zr-, and Cr-analyses 
Tnd S P l l i t e / a m p l e S a n d t h e r e c e n t b a s a l t s occurring 'in subcontoenta and mid-oceanic ridges. 

r „ R l ° r . t I y ' - t : \ W i n c h e s t e r and P. A. F 1 o y d (1976) proved that 
Loeschke's sp.htes belong to alkali basalt not only in view of their high T o t 
content, but also by the relations TiO, versus Zr/P*05 and TiO, versus Y/Nb 
In this way the alkah basalt is clearly distinguished from the tholeiitic basalt ' 



Table 7. Chemical analyses of the samples t aken f r o m t h e Magdalensberg level 

S a m p l e S i O ? 
A , 7 ° 3 

F C2°3.OT 
MnO MgO CaO 

N A 2 ° 

K 2 O T I 0 2 I . L . Total 

1 2 9 A 5 0 . 5 6 1 9 . 0 0 1 4 . 7 7 .11 2 . 2 4 . 6 0 2 . 3 2 3 . 6 4 3 . 0 9 3 . 3 8 99 . 71 

129B 4 5 . 3 6 1 4 , 7 8 1 5 . 0 5 . 12 6 . 8 5 3 . 8 5 4 . 3 2 .05 2 . 8 8 6 . 4 1 9 9 . 6 7 

131 7 9 . 1 8 8 . 2 8 3 . 5 3 . 1 7 1.71 1 . 2 6 . 9 5 1 . 5 1 . 48 3 . 3 9 1 0 0 . 4 6 

134 6 2 . 7 3 1 8 . 9 0 6 . 4 7 .01 2 . 1 5 . 0 8 1 . 3 9 3 . 7 1 . 7 4 3 . 5 8 9 9 . 7 6 

1 3 8 A 4 9 . 4 4 9 , 0 5 2 . 7 1 .24 1 . 1 8 1 8 . 1 5 1 . 4 1 1 . 5 0 . 16 1 5 . 7 9 9 9 . 6 3 

Sample 129 A: Fe-enr iched slate 
Sample 129 B: spilite tuff 

Sample 131: SiOz-enriched slate 
Sample 134: slate 

Sample 138 A: s la te w i th increased carbona te and Na-content 

5. Geochemical features of the Pohorje and Saualpe Mountains 
From the penological point of view the metamorphic rock sequence of the 

Pohorje Mts. resembles that of the Saualpe. In both areas the rocks of the 
Magdalensberg series and of the greenschist and almandine-amphibolite facies 
without a sillimanite zone are developed. Some differences occur m details 
only. Thus, for instance, augen gneiss and diaphthoritic rocks are not known 
at all in Saualpe. The thickness of the Saualpe sequence amounts to 7000 m 
(C. K. W. L o d e m a n n , 1970). 

The main constituents of 50 samples taken from the Saualpe, as well as 
their trace elements, and the corresponding Niggli parameters point to magma-
tic and sedimentary equivalents of the metamorphic rocks. The first group 
comprises metabasites from weakly metamorphic diabase to eclogite In the 
second one, there are metapelites f rom slate to schist and gneiss. Although 
Lodemann found a conservative metamorphism, he presumes some homogemza-
tion All metabasites including eclogite, are derived from gabbroid magma. Meta-
sediments originated from a rather homogenous claystone and siltstone, and less 
frequently from graywacke. A carbonate admixture was uncommon m sedimen-
tary rocks The rocks of a higher metamorphic rank show a smaller distribution 
of the basic oxides, than the rocks of a lower metamorphic rank having a similar 
composition. For this reason a migration of elements in an interval of several 
hundreds of meters, and a tendency to chemical homogenization with the in-
creasing grade of metamorphism was supposed. The repeated geochemical com-
parison of metabasites showed with progressive regional metamorphism only 
a slight decrease in TiOa, A1*0*, FeO, K 2 0 and H2O, and a significant increase 
in NaaO. But an introduction of Na-content to the metamorphic rocks of the 
Saualpe cannot be generally applied to other metamorphic areas (C. K. W. 
L o d e m a n , 1973). 

Lodemann's chemical analyses are presented in relation to the parameters 
(A1/3-K) versus (Al/3-Na) (fig. 11) and compared with the Pohorje analyses 
(fig 10 a) In the figure 11, also some former Pohorje rock analyses (V. V. 
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N i k i t i n , 1942, NIK) and unpublished data from the Pohorje (PO) and Ko-
bansko area (KO) are attached. It was not possible to compare the individual 
levels of the Pohorje with those of the Saualpe, as Lodemann's analyses are 
classified into three groups characterized by the degree of metamorphism. As 
regards maturity and aluminium content, some varieties of almandine flaser 
gneiss from the Saualpe exceed the corresponding Pohorje gneiss. In the 
Saualpe, a slight trend towards graywacke was observed. 

The metabasites of almandine-amphibolite facies are represented by amphib-
olite and eclogite. The analyses certainly point to oceanic tholeiite as in the case 
of the Pohorje metabasites of the eclogite and ultrabasite levels. 

Neither in the Saualpe, nor in the Pohorje Mts. is the development of 
greenschists uniform. They cover a wide range of the rocks consisting of shales, 
and volcanic rocks of acidic, basic, and intermediate composition. 

The slate of the Magdalensberg series originates from shale. The included 
diabase has a spilitic character. Ultrabasic tendency is uncommon. The data 
about these rocks in fig. 11 were taken mainly after Loeschke (J. L o e s c h k e 
and J . R o l s e r , 1971, and J. L o e s c h k e , 1973). His research refers to the 
Magdalensberg series from the Eisenkappel surroundings, where it appears to 
be typically developed. 

Eclogite is a characteristic metamorphic rock of the Pohorje and Saualpe 
Mts. Regarding the equilibrium conditions of included accessory mineral 
assemblage kyanite-zoisite, eclogite crystallization was experimentally deter-
mined at 620°—650 ftC and more than 9 kbar (B. S t o r r e and K.-H. 
N i t s c h , 1973 and H. G. F. W i n k l e r , 1974). Recent investigation of the 
distribution of elements among eclogite co-existing mineral pairs yields even 
more detailed temperature and pressure ranges for the formation of this rock. 
For this reason, in the Saualpe, eclogite crystallized at 5000—660 °C and 
5.5—9 kbar (V. R i c h t e r , 1973, p. 27). As the Pohorje eclogite contains the 
mentioned minerals, the above cited P—T conditions are considered to be 
favourable for its formation. 

6. Conclusions 
The purpose of the geochemical investigation of the Pohorje metamorphic 

rocks has been to deduce their origin from their chemical features, and there-
from to reveal the paleogeographic conditions. 

The investigation proved that seven volcano-sedimentary metamorphic 
levels can be distinguished, some of them having peculiar inclusions and dif-
ferent grades of metamorphism. It results from our research work that the 
original rock sequence has been much disturbed by tectonic. By the geochemical 
study the rhyodacitic character of augen gneiss and the intermediate volcanic 

Fig. 11. The metamorphic rocks f rom the Saualpe ( C . K . W. L o d e m a n n , 1970 and 
1973, LOD) and the rocks of the Magdalensberg series f rom the Eisenkappel environ-
ment (J. L o e s c h k e and J. R o l s e r , 1971, J . L o e s c h k e , 1973, LOE) charac-

terized by the parameters (Al/3 — K) versus (Al/3 — Na) 
The parameters are calculated f rom the cation numbers of the corresponding weight 

per cent of the oxide molecules 



origin of some greenschists was ascertained. Such an interpretation would be 
impossible f rom textural and mineralogical points of view only. 

From the geochemical features of the original volcano-sedimentary sequence 
either normal or tectonic contacts of the levels were determined. By the acidic 
metavolcanites enclosed in the augen gneiss level a preexisting sialic basement 
is indicated. The same could be deduced f rom the alcalic metabasites of the 
marble level. Dolomitic marble and quartzite show a more confined sediment-
ary basin. Their connection with immature sediments points to marginal parts 
of the basin. The rock association of the augen gneiss and marble level indi-
cates, therefore, an eugeosynclinal environment. 

The metabasites of the eclogite level show the properties of the abyssal tho-
leiite. They are associated with metapelites of high maturi ty. This rock unit 
could be considered as equivalent in t ime of formation to the underlying augen 
gneiss and marble levels. In this case the eclogite unit should be interpreted 
as a thrus t sheet. By the ultrabasite level the ocean origin is proved even if 
there ophiolite is out of the question. 

The rock units mentioned above appear to be of the preorogenic origin. They 
have been developed in an early geosynclinal stage. The greenschist level is 
characterized by the basic and intermediate volcanics of alkalic and potassic 
na tu re showing shoshonitic tendency. On the top acidic igneous rocks occur. 
Such a characteristic corresponds well enough to the volcanism of the orogenic 
phases along a continental margin. 

The Magdalensberg series differs widely f rom the underlying rock units. 
That is why it could not be considered as a simple repetition tectonic of the 
greenschists. Moreover the two rock units are part ly synchronous, but the 
origin of the Magdalensberg series is quite different as regards the paleogeo-
graphic conditions. 
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