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A b s t r a c t : The ar t ic le i n f o r m s a b o u t the present s la te of the inves t iga t ions 
of a m p h i b o l i t e s on the t e r r i t o r y of the Polish People 's R e p u b l i c a n d gives a n 
e v a l u a t i o n of their m a c r o e h e m i s m , as well as the c o r r e l a t i o n s of s o m e m a c r o -
ancl m i c r o e l e m e n t s a n d the c o r r e l a t i o n s of the m i c r o e l e m e n t s , r e s p e c t i v e l y . 

P e 3 10 M e: ľlpHBeaeHHaH craTbH HHcjiopMiipyeT o coBpeMeHHOM COCTOHHHH Hccjie-
aonaHHři aM<j>H6ojiHTOB Ha TeppHTopHH flojibCKoH Hapozuroň pecny6jiHKH H npiiHo-
CHT OIieHKy HX MaKpOXeMH3Ma, KaK H COOTHOUieHHH HeKOTOpblX M3KpO- H MHKpO-
SJieMeHTOB H COOTHOUieHHH MOKJty MHKp03JieMeHT3MH. 

Introduction 

In the collaboration between the Geological Institute of the Slovak Academy of 
Sciences in Bratislava and the Centre of Geological Sciences of llie I'olisli Academy of 
Sciences in Warsaw, which arose spontaneously in the beginning of 197:1 Professor 
li. C a in b e l , Dr. Sc. m a d e a suggestion of publishing in one of the Slovak geological 
journals a report concerning the present stale of geochemical investigations of basic and1 

ultrabasic rocks of Poland. 
T h e topic proved to be loo complex as to be reviewed in one short report. Moreover 

geochemistry is the domain so closely combined with mineralogy and petrography that* 
reviewing its results noonc can overlook the mineralogical-pelrological works, which1 

usually preceed geochemical investigations. The reporl concerning the present stale of 
geochemical investigations of the Polish amphiboli les is the first in the series of three 
review papers, which 1 would like to present to the Slovak readers. The next two 
papers will lie devoted lo the Polish basic igneous rocks (galibros. basalts and spililes) 
as well as to the ultrabasic rocks respectively. 

In the Polish geological papers amphiboli les and aiuphibolite-bearing metabasi le 
scries have been often either mentioned or even described in details. Nevertheless the 
papers devoted sensii slricto lo the amphibol i tc geochemistry are relatively scarce. But 
one should not forget that the penological papers a b u n d a n t l y illustrated by the results 
of chemical analyses arc also of great geochemical importance. 

On the one hand the aim of geochemical investigations of amphiboli les was lo find 
indices of genesis, on the oilier hand the investigations were at tempts at determining the1 

amphibol i le origin by means of complex commonly accepted geochemical indices as well 
as penological and geological evidences. 

Amphibolites occur in Poland in three regions, i. e. in the crystalline basement, in the 
Sudcl.es and in the Tatra Mls. (fig. I). They are in greatest a b u n d a n c e in the Sudelcs. 
the fact which has found its reflections in the numerous works dealing with them. 

The character of the reporl is such, that the author derided to discuss only the works 
that had been published or being In press. Nevertheless the author feels obliged lo 

* Dr. X. B a k u n - C /. n h a ľ n w. The Centre of Geological Sciences of the Polish .Academy 
of Sciences. Laboratory of Mineralogy and Geochemistry, Warsaw. 
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Fig. 1. Sketch map of the Polish amphibolite 
localities. Roman numbers stand for localities 
of geochemically studied amphibolites: I — 
the Bialowieža metamorphic scries. II — the 
Sowie Gory Mls., Ill — the Ladek-Sniežnik 
Mts. metamorphic series, IV — the Rudawy 
Janowickie Mts., V — the Tatra Mts. Arabic 
numbers stand for localiles of other amphi­
bolites. which have been mentioned in 
geological papers: 1 — crystalline substratum 
found near Cracow, 2 — the Rystrzyckie 
Góry Mts., 3 — the Klodzko metamorphic 
series, <5 — tin; Izera gneiss complex: a — area 
of pre-Cambvian platform, b — area of Pa­
leozoic platform, c — folded area of 
Palaeozoids, d — folded area of Alpids, fore-
Carpathian area, e — folded area of Alpids. 
Carpathian area. 

info I'm, •that the geochemical and pctrological investigations (if the Sudetes amphlibolites 
have been being' carried in the former Depar tment of Pet rography and Department of 
Mineralogy and Geochemistry forming nowadays Institute of Geochemistry, Mine­
ralogy and Petrology of the Warsaw University under the guidance of Prof. 
I)r K. S m u 1 i k o w s k i and Prof. Dr A. P o I a ó s k i in the form of master theses 
for a long lime. 

The Amphibolites of the Crystalline Basement 

Amphiboli tes of the crystalline basement have been found in North-Eastern Poland 
(Podlasie region) in lbe s. c. Bialowieža metamorphic series and Iroín crystalline 
substra tum, which has been discovered under sedimentary rocks near Cracow (J. 
15 u r t a n 1962). 

As regards amphiboliites occuring in the Bialowieža metamorphic series they have 
been thoroughly investigated from the geochemical point of view by A. D z i e d z i c 
(1968). Tbc author determined the main elements: Fe2 + ,Fe3 ' , Mg, Ti as well as the con­
centrations of the trace elements: Ni, Co, V, Cr, Mn, Cu, Zn, Pb. Sn in the whole 
rocks (tab. I). Among the elements under consideration Cr and Ni show the greatest 
differentiation in concentrations — Cr ranges in the limit 5—'2000 ppm and the figures 
for Ni are 15—330 p p m on the oilier hand Co does not. show any essential dispersion. 
Taking into account the petrographic features of the amphiboli tes and their trace ele­
ments contents the W'aški amphiboli tes of gabbro texture can be viewed as ortho-
amphiboli tes. As compared to the oilier Bialowieža amphiboli tes the Waški ortho-
ampliiholil.es display the highest concentration of trace transition elements. The Waški 
amphiboli tes contain 5 times as much Ni, 10 limes as much Cr and (i times as much 
Mn as the other amphiboli tes. The points for projection of the Waški orlhoamphiboli tes 
are localed in separate fields In the Ni/Co, Ni/Cr and Co/Cr rectangular diagrams. 

The most common rocks in crystalline series found near Cracow are zoisile. epidole, 
garnet or biolile amphiboriles. According to A. P e 1 e z a r and T. W i e s e r (1962) they 
havo been formed at the expense of the extrusive rocks i. e. tuffs and spilites. 

S / S I / " - ~ " NT . 
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ľ a h l o I. Trace elements determinations in the Polish amphibolites and minerals isolated 
therefrom 

Locality 

Crystalline basement 
f. The Biatowie/.a 

metamorphic series 

Sudetes 
H. The Sowie Gory 

Alts. 

I H. The Ladek-Sniežnik 
Mts. metamorphic 
series 

a) The vicinity of Nowa 
Wieš 

h) The vicinity of Stra-
chocin 

c.) The Czcrnica eclogi-
te 

d) Bialskie Gory 

IV. The Kudawy Jano-
wickic Mis. 

V. The Tatra Mts. 

Author, year 

A. Dziedzio, 1968 

Z. Wichrowski, 1967 

N. Bakun-Czuba-
row, 1968 

N. Bakun-Czuba-
row, :1971b 

X. Bakun-Czuba-
pow, 1971 a 

Z. Wichrowski, 
1971 

W. Narebski, 1968 

W. Narebski and Z. 
Wichrowski (oral 
information) 

Trace elements determined in 

whole rocks amphiboles plagioclases 

Ni, Co, V, Cr, Mil, 
Ti, Cu, Zn, Pb, Sn 

Mu, Ti, Sr, Ba 

B, Zn, Ge, Sr, Ba, 
Pb, Sc, Ti, V, Cr, 
Mn. Co. Ni, Cu, 
REE 

Sc, Ti, V, Cr, Mn, 
Co, Ni, Cu 

Sc, V, Cr, Mn, Co, 
Ni,.Cu 

Ti, Mn, V, Cr, Co, 
Ni, partly Sr, Ba, 
Cu, Zn 

Mn, Ti, V, Cr, Co, 
Ni, Sr, Ba, lib, Li 

Mn, Ti, Sr, 
Ba 

Ti, Mn, V, 
Cr, Sr, Ba 

Sr, Ba 

The Sudeles Amphibolites 

in the oldest Sudetes metamorphic complex, i. r. in the Archeozoic gneisses of the 
Sowie Góry Block amphibolites are very common rocks. T h e petrology of the Sowie 
Góry amphibolites has been worked out in details by A. ľ o 1 a ú s k i (1955), who 
devided the rocks in question inlo paranmphibolites, diablastic garnet-bearing aphibolites 
and granoblastlc amphibolites. T h e only paper published up to now dealing with geo­
chemistry of the Sowie Gory amphiboli tes is that by /.. W i c h r o w s k i (1967). T h e 
a u t h o r determined the I'V. Ca, Mg, Na, K, Mn, Ti, Sr and 15a contents in amphibolites 
and amphiboles isolated therefrom as well as lbe Ca, Na, K, Sr. and 15a concentrations 
in plagioclases. As to the trace elements Ti and Mn concentrate in amphiboles only, 
whilst Ba shows tendency to concentrate In a higher degree in amphiboles, but Sr con­
centrates preferably in plagioclases. Moreover, the more basic is the plagioclaso the less 
Sr it contains. On the basis of chemistry the Sowie Góry amphibolites may be viewed 
as orthoamphiboli tes and a relatively high Ca a b u n d a n c e seems to be their regional 
feature only. 

In the Proterozoic and old Palaeozoic metamorphic series of Ladek and the Snieznik 
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Mls. amphiboli tcs have been found in many localities in both the main complexes, i. e. 
in the Stronic schists and in the migmatitic Gierallów gneisses. 

In ithe eastern par t of the series under consideration in the vicinity of Bielice there 
have been Found ahundanl amphiholi tes occuring in the Algonkian schists covering the 
Variscian granitoids. T h e amphiholi tes havo been examined petrographically by 15. 
VV i c ľ z c h o 1 o w s k i (1966), who n o I iced I heir variety and classified them tentatively 
into two groups, i. e. into the fine grained and laminated paraamphihol i tes and into 
the coarser grained orthoamphibol i tes rich in t i tanium minerals. The geochemistry ol 
die amphiboles isolated from the above amphiholi tes has been studied by /.. W i e h-
r o w s k i (1.971). who on the basis of the Pe, Mg. Ca, K. Na. Mn. Ti contents as well 
as on the basis of trace elements: Sr, Ba, V and Cr proved the great differentiation of 
the malarial. Taking into aecounl relatively high TiOo abundance in the amphiboles 
(average 1,55 weight per cent) the a u t h o r concluded lhal the Bielice amphiholi tes may 
have been originated under transition conditions between amphibol i le and granulite 
melamorphie fades. 

In the northern part of the hadok-Šnio/.nik Mls. melamorphie series .1. D o n (196í) 
disl ingunshed paraamphihol i tes represented by fine laminated amphibol i le schisls with 
often preserved pr imán- sedimentation features a m o n g the amphiholites commonly 
occuring there, which are believed lo be of igneous origin probably. 

In the north-western part of the discussed massif In the Krowiarki Mis. there occur' 
concordant intercalations of amphiholi tes in paragneisses. T h e amphiholites have been 
petrographical ly examined by T. B u l k i e w i c z (1968). In the author ' s opinion the 
majority of the Krowiarki amphibolitcs may be mosl likely looked upon as the rocks 
of sedimentary origin. 

In the soiilhern par of the melamorphie massif under consideration J. A n s i l e w -
s k i (1966) described many outcrops of amphiholi tes. paying special attention lo their 
connections to the eologi'tos. In the C'.ieraltów gneisses ihe a u t h o r found the outcrops ol 
posleclogilic. f inegra ined, diahlastic amphibolitcs often containing garnet rebels. In the 
both main rock types of the massif formed under amphibol i le fades conditions, 1. e. in 
the Stronic schists and in the Gierallów gneisses, there occur relatively coarser grained 
ordinary amphibolitcs showing no connections to eclogites. 

Amphibolitcs of the eelogile derivation occuring in the migmnlilic Gierallów gneisses 
have been thoroughly examined by K. S m u 1 i k o w s k i (196a. 1967). T h e h o r n b l e n -
do-plagioclaso paragenesis forming ordinary amphibolitcs might have been originated in 
the last slage of the process of eelogile ainphibolilizalion proceeding the migmali l izal ion. 
The passing link figured out on the basis of the sequence of the alteration of eelogile 
paragenesis minerals are: ainphibolitized eclogites. eelogile amphiholi tes rich in garnet 
rebels and diablaslie amphiholi tes. Since the majority of the Sniežnik eclogites according 
to K. S m u I i k o w s k i has been formed at tlie expense of sedimentary series, there­
fore amphiholi tes being eelogile derivatives may be considered as paraamphihol i tes . 
Basing on the amphiholi tes coming from the Nowa Wieš eclogites and those of Czernica 
Ihe present author studied geochemistry of the process of the eelogile amphibolit ization 
(N. B a k u n - C z u b a r o w 1968, 1971a). Chemistry of the process was examined 
statistically. T h e ainphibolil izalion of lbe Xowa Wieš eclogites has been accompanied by 
distinctive increase only In K. by small decrease of ('.a and by decrease of ratio P e - / F e 
us far as main elements contents are concerned. Small changes In the trace elements 
concentrations could he also observed. During the amphiholit izal ion ihe B. Mn. and Ba 
contents increase and those of Ti. Cr. Co and Cu slightly decrease, while the \ . .XI. Zn. 
Sr and I'b concentrations seem lo be stable. The results of ihe applying of some of 



TUF. PRESENT STATE OF INVESTIGATIONS 239 

the Leake's diagrams based on Ni, Cr. Ti and Niggli's mg parameter indicate basic 
igneous origin of the pr imary material for the rock series under consideration. 

Scarcity of data made it impossible to examine the chemistry of the amphiboli l izalion 
of the ilmenite-bearing Czernica eclogite (N. B a k u n - C z u b a r o w 1971a). 

The eclogite-amhibolile rock series forming the s. c. Strachocin metabasites in the 
Sniežnik Mis. has been viewed by K. S m u l i k o w s k i (1967) on the basis of the 
results of his penological examinat ions as series of sedimentary origin. The present 
author examined the Mg. Ca and Fe contents in the rocks in question as well as the 
transition elements of the 3rd type: Sc, Ti. V, Cr. Mn, Co. Ni and Cu (N. B a k u n -
C z u b a r o w 1971b). The above ment ioned transition elements can be devided into two 
groups by means of the correlation analysis. The first group represented by Sc. Ti. V, 
Mn and Co exhibits positive l inear correlation wi th Fe. I he other one containing Cr. Ni 
and Cu reveals trends concurrent with Mg (fig. 2). The division m a y he proved to some 
extent by the electronic s tructure of ions of the transition elements. 

The a t tempt has been m a d e to distinguish orlhorocks among [he Strachocin meta­
basites on the basis of their high content of TÍO2 () 2,2 weight per cent) or the sum 
Cr + Ni exceeding 250 ppm. 

The linear correlations between the parameters of petrogenelic importance, i. e. mg 
— Ig Cr, TÍO2 — lg Cr and TÍO2 — Ig Ni. which are considerable for the orthometa-
basites, vanish for pararocks. Fur the rmore it turned out, that the orthomelabasi tes show 
higher contentralions of Sc, Y and Mn as compared to the paramelabasites. Thus the 
Strachocin metabasi tes have most likely been formed from [he mixed sedimentary-
luffogenic series. 

West of the Ln.dck-Sniey.nik Mis. melamorphie series, across the Nysa graben, 
numerous amphiboli te intercalations have been observed by M. I) u in i c z (1964) in the 
Bystrzyckie Góry paragneiss and mica 
schist complex. 

In the southern part of the Klodzko meta-
morphic rocks of Cambro-Silurian and pro­
bably Eocambrian age great messses of 
orthoamphiboli tes have been worked by 
M. K o z J o w s k a - K o c h (1958) from 
the petrological point of view. They origina­
ted most probably at the expense of gabbros 
and biabases. 

Fig. 2. Scheme of correlation of transition 
metals of the 3rd type in the Strachocin 
metabasites (N. B a k u n - C z u b a r o w 
1971b). a — elements showing concurrent 
geochemical tendencies, b — elements 
showing antagonistic geochemical tenden­
cies, I — positive linear correlation, 2 — 
negative linear correlation. 

Fe 
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tu the West Sudetes in the izera gneisses oľ polygenetic charncter, probably pre-
Cambrian or Assyntian in ape. M. K o z l o w s k a - K o c h (1961) has found and 
examined petrographical ly m a n y intercalations of amphibolites of various origin. Furt­
hermore M. K o z l o w s k a - K o c h (1971) worked out the melabasite dikes occuring 
In the Izera rock series in the vicinity of Jelenia Cora. T h e author distinguished there 
three groups of basic rocks of various age and various degree of m e t a m o r p h i c alteration. 
Among the examined rocks the oldest Lower-Cambrian or Eocambrian bashes became 
feldspathized amphiboli tes as well as the younger, Lower- or Middle-Silurian, diabases 
produced isochemically orthoamphiboli tes . 

in the eastern par t of the metamorphic m a n t l e of t h e Karkonosze massif in the 
R u d a w y Janowickie Mis. amphibolites play an important role. T h e amphibol i te and 
related melabasic rock geochemistry has been examined by W. N a r e b s k i (1968). 
T h e author employed the most modern Leake's diagrams of the great petrogenetical 
importance. T h e diagrams are based on the trends of variation of elements and petro­
chemical parameters . T h e trends are distinctly different for sedimentary and igneous 
rock series. T h e a u t h o r carried out numerous whole rock analyses as well as the deter­
minations of the following trace elements: Ti. Mil. Cr, V, Ni, Co. Sr, Ba. Cu and Zn. 
Basing on the results of the complex investigations of the anihibolile series the author 
concluded a m o n g others that the striped amphibolites from the lower part of t h e rock 
complex can be considered as altered products of basic luffs, which bad been erupted 
dur ing the initial volcanic activity of t h e Caledonian gcosynclinc. T h e tuff deposits had 
been locally enriched in carbonate and detrital material. Fur thermore it should be 
emhasi/.ed that the rocks in question exhibit positive linear correlations of Cr anjd Xi 
with nig parameter, what is typical for igneous rocks. 

The Tatra AmphiboHlrs 

T h e amphiboli tes occuring in the High Tat ra Mls. have been studied petrologically by 
Si. J a s k o l s k i (1924). T h e author concluded that the T a t r a amphibolites strongly 
homogenous in their n a t u r e are derivatives of basic magma of gabbro or diabase type. 
Before the rocks underwent the regional melamorphism, they had formed a comagmatic 
series. 

T h e High Tatra amphibolites are being studied from geochemical point of view by 
W. N a r o b s k i and '/.. W i c h r o w s k i (personal information). For solving the 
problem of the amphibol i te origin as well as for deciphering their mutual relations the 
above mentioned scientists arc determining the concentrations of the following trace 
elements: Ni, Co. Cr. V. Mn, Ti. Sr. Ba. Kb and Li in the whole rocks. 

Basing on the results of the most modern slatistical-gcochemical investigations as well 
as on the geological position of the amphibolites the authors came recently to the con­
clusion that, the pr imary material for the Polish West Tatra amphibolites had most, 
likely been represented by basic luffs and liiffiles (W. N a r e b s k . and Z. VS i c li­
r o w s k i 1972). . . 

To conclude the paper I would like to add a few remarks concerning the application 
of g •hcinical indices for the pedogenesis of amphibolites. first, the indices should 
not" be used independently of the results of detailed penological investigation, nor 
should they be used disregarded of the conditions of their geological .mode of occur­
rence. Moreover their use is strongly limited in the case of amphibolites of the mixed 
scilimenlarv-luffogenic nature of the parent material . In the geochemical investigations 
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t h e p l a t i n u m g r o u p e l e m e n t s c a n b e sa id to b e of g r e a t use in s o l v i n g p r o b l e m s of 
n m p h i b o l i t e p e d o g e n e s i s . 

I w o u l d l ike lo s u g g e s t llinl g e o e l i e m i s l s s h o u l d p a y m o r e a t t e n t i o n in e x a m i n i n g llie 
t r a n s i t i o n e l e m e n t s d i s t r i b u t i o n a m o n g ' c o e x i s t i n g m i n e r a l s lo a s c e r t a i n t h e a m p h i b o l i l c 
f o r m a t i o n c o n d i t i o n s w h i c h c a n b e of g r c a l i m p o r t a n c e in d e c i p h e r i n g b a s i c facts a b o u t 
t h e m e t a m o r p h i c e v o l u t i o n of t h e host r o c k c o m p l e x e s . 
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