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MINERALOGIA POLONICA ï SPECIAL PAPERS 

Volume 31, 2007 

 

Igor BROSKA1, Pavel UHER2 

 

THE ROLE OF TYPOMORPHIC ACCESSORY MINERALS IN THE 

VARISCAN GRANITIC SUITES OF THE WESTERN CARPATHIANS 

 
Abstract: Acessory minerals giving principal information to the granite typology and 

important for the granite discrimination can be named as Ătypomorphicñ. In the Western 

Carpathians, I-, S- and A-type granite discrimination is significantly covered by zircon, 

monazite, allanite, apatite, xenotime, Fe-Ti oxides and tourmaline distribution as well as their 

compositional and morphological characteristics. The presence of garnet (almandine-

spessartine), monazite, xenotime, low-S/L-type zircon locally Mn-bearing apatite and Nb-

Ta-Ti phases (columbite-tantalite, Nb-Ta rutile) are typical for the S-type granite suite. On 

the contrary, abundant apatite, allanite, magnetite, and titanite is characteristic for the I-type 

granite. Increasing Fe content in apatite,  Fe3+-rich allanite, Hf-poor D,P5-subtype zircon are 

typical for the hypersolvus A-type granites, whereas subsolvus A-type granite contains 

monazite, zircon with higher Zr and Y concentrations and P1, P2 subtype morphology. 

Locally, Y-Nb-(Ti) phases (mainly fergusonite) are present in the A-type granites. 

Tourmaline (schorl to foitite), locally cassiterite, topaz and Nb-Ta-W phases (columbite, 

wolframite) are characteristic mainly for the specialized S-type granites, less for the derivates 

of S-type granites. 

 

INTRODUCTION 

The investigation of granitic rocks s.s. attracts attention of geoscientists for their 

close connection with tectonic and geodynamics of any orogenesis and geological 

evolution of given area. Granitic rocks are window to the interior of the Earth crust 

giving chance to understand the PTX conditions in time and space for many 

possibilities of their petrogenetic investigations and geochronological datings. They 

are important tool for the reconstruction of the main stages in the development of 

lithosphere.  

Although granitic rocks in the Western Carpathians cover relatively small area, 

their compositional and age variability is widely used for the research of pre-Alpine 

crystalline basement formation and, of course, also its magmatic and post-magmatic 

evolution. This contribution offers the short overview on granite typology of the 

Western Carpathians and points to the importance of selected (typomorphic) 

accessory minerals for their discrimination.   

 

 

 
1 Geological Institute, Slovak Academy of Sciences, D¼bravsk§ cesta 9, 840 05 Bratislava, 

Slovakia 
2 Department of Mineral Deposits, Faculty of Natural Sciences, Comenius University, 

Mlynsk§ dolina G, 842 15 Bratislava, Slovakia 
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GRANITIC SUITES IN THE WESTERN CARPATHIANS 

Variscan granites in the Western Carpathians (mainly Slovakia) form 

a heteregoneous assemblage of rocks differing in their age, source and tectonic 

position. There is also variability in their post-Variscan metamorphic history; the 

granites of Veporic unit have been overprinted during Alpine orogenesis, others 

shows significantly lower level of the metamorphic overprint. The Variscan plutonic 

rocks of Western Carpathians can be divided into several suites originated from 

orogenic to post-orogenic stage dated back in relation to the main Upper-

Devonian/Lower Carboniferous Variscan collision and Middle/Upper Carboniferous 

post-collisional phases. All events took place within time span around 150 Ma 

(Petr²k, Koh¼t 1997; Petr²k et al. 2006).  

Each granitoid suite is composed of several types of granitic rocks, geochemically 

and mineralogically reflecting the character of the source rock and physico-chemical 

condititions of home geotectonic environments, where individual suite originated. In 

the Meso-Variscan stage the S-, I- and S/I- type orogenic suites has been defined 

with dominancy of S-type, in the Neo-Variscan stage with dominancy of I-type 

granites. Post-orogenic granite suites has been developed as the Permian A-type 

granite (in sense Whalen et al. 1987) and specialized S-type granites (Uher, Broska 

1996, Broska, Uher 2001). The primary discrimination of the plutonic Variscan 

rocks into several genetic granitic suites has been significantly realised using the 

accessory mineral paragenesis controlled by geochemistry of the main and trace 

elements (Tab. 1, Fig. 1).  
 

Table 1. General scheme of granite typology in the West-Carpathians crystalline basement 

Orogenic granites 

Post-orogenic granites collisional  post-collisional granites 

S-type  I-type  A-type 

I-type  S-type  specialized S-type  

  I/S type    

 

THE ROLE OF TYPOMORPHIC ACCESSORY MINERALS  

FOR GRANITE DISCRIMINATION 

Zircon morphology is very important factor for the recognition of granite suites 

mainly due the Pupin morphological classification. Zircon from the S-type granites 

form low S subtypes  (S7, S11, S12, S13)  with mean point I.A = 294, I.T = 282, the  

I-type zircons typically represent forms S12, S13, S17 a S18, the hypersolvus A-type 

granite posses zircons of D and P5 subtypes and zircons from subsolvus A-type  

granites characterise G1, P1, P3 subtypes. Zircon composition, especially Zr/Hf ratio, 

Y, REE, U and Th contents are tracers of magmatic to post-magmatic evolution, 

mainly fractionation of the parental rocks. High Zr/Hf  (50 to 70) and low Y, REE, 

U and Th concentrations of zircon in high-temperature hypersolvus A-type granites 

are in contrast to subsolvus A-, I- and especially S-type granites with lower the Zr/Hf 

(35 to 50). Highly fractionated specialized S-type leucogranites and granitic 
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pegmatites show Zr/Hf <30 and Y+REE and U+Th in zircon ²0.5 wt.% (Uher, 

Broska unpubl. data). REE distribution in granitic rocks is linked with accessory 

minerals, such as monazite and allanite but significantly the disttribution of LREEs 

is controlled also by apatite, titanite and HREE by xenotime, garnet and zircon. The 

allanite - monazite stability relationship in granites is important for the recognition 

of the S/I-type granite suites and is very distinctly developed in the West-Carpathian 

granites (Broska, Uher 1991). The presence of monazite or allanite is explained by 

different solubilities of these minerals in relation to the aluminium saturation index 

of the host granite, as well as to its fO2. Allanite crystallize preferentially in 

metaluminous (or slightly peraluminous), rather than in peraluminous granitic rocks 

with higher fO2 or primary water contents (Petr²k, Broska 1995). A higher 

concentration of allanite is typical for the early magmatic differentiated I-type 

granites but these fractionated granites contain also monazite. On the other hand, 

high concentrations of monazite are present in early differentiations of the S-type 

granite suite,  locally accompanied by primary allanite.  

 

 

 

Fig. 1. Distribution of principal granite suites in the Western Carpathians. Explanation: MK- 

Mal® Karpaty; PI- PovaģskĨ Inovec; T ï Tribeļ; SMM- SuchĨ a Mal§ Magura; MF- Mal§ 

Fatra; VF-VeŎk§ Fatra; NT- N²zke Tatry; VT-Vysok® Tatry  
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Strong differences in composition of accessory minerals during differentiation of 

silicic magmas in time and space were described by Wark & Miller (1993) can be 

expected everywhere, also in the Western Carpathians. Early magmatic monazite 

shows higher content of huttonite molecule, on the other hand, later monazite 

decrease of huttonite component. Cheralite component in monazite increases in 

strongly peraluminous evolved granites. Specific subsolidus influx of As-bearing 

fluids caused formation of monazite-gasparite and xenotime-chernovite s.s. in A-

type rhyolites (Ondrejka et al. 2007). Allanite composition show also some 

variability. In comparison to allanite from the S-type granites, allanite from the I-

type granites contains lower ferric contents (Broska et al. 2000). Secondary allanite 

is usually enriched in iron.  

Other important hosts for the REEs include apatite, titanite, xenotime and zircon. 

Apatite from S-type granitoids posses slightly increased Mn in comparison to I-type 

because of enhanced entering of divalent Mn for Ca in low oxygen fugacity melts 

(Belousova et al. 2001; Sha, Chappell 2003, Broska et al. 2004). Also sulphur is 

typically increased in apatite from the I-type granitic rocks but apatite in the A-type 

granitic rocks has higher total Fe concentrations. Differences are also in REE 

concentrations in the anion site of apatite composition. In the granitic rocks of the 

Western Carpathians, xenotime-(Y) is present both as a late-stage magmatic mineral, 

and as a secondary post-magmatic phase. Magmatic xenotime occurs with monazite 

mostly in the S- and A-type granites and displays minor compositional zonation 

involving Si, Th and U. The source of elements for the formation of secondary 

xenotime-(Y) in the granitic rocks results from leaching of P and (Y + REE), mainly 

from zircon (Michalik et al. 2000) and apatite (Broska et al. 2004). Monazite is 

present in subsolvus A-type granite, whereas it is rare in hypersolvus A-type granite.  

Primary titanite occurs only in the early differentiates of the I-type suite as a late 

magmatic mineral. It precipitates at increase of oxygen fugacity (log fO2 ~ -13). The 

REE content in titanite is similar to apatite very low and show similar chondrite-

normalized pattern.  

A specific accessory Y-Be-silicates (gadolinite ï hingganite s.s.) were recently 

determined in the hypersolvus to transsolvus A-type granites (Turļok and Upohlav 

granites; Uher and Ondrejka, unpubl. data). They probably originated during a late-

magmatic to subsolidus stage of the Y, HREE-rich A-type granite evolution.  

Special importance shows the presence of tourmaline (schorl to foitite) in granites 

indicating the increase of B-rich volatiles in magmas. Tourmaline is typical in the 

specialized S-type granite suites in the Gemeric unit, localy occurs in leucogranites 

(Gaweda et al. 2002) of S or I/S affinity . Such granites in the most differentiates 

varietes are often able accumulates some rare metals (Sn, W, Nb, Ta, Li).  

Tourmaline is in the specialized granite suites in the Gemeric Unit. 

Rare Nb-Ta oxide minerals occur usually in highly fractionated leucogranites of 

the S- and A-type and as well as in the granitic pegmatites (S- and I-type) of the 

Western Carpathians (Uher 2005). Nb-Ta rutile, Ti-rich ixiolite and ferrocolumbite 

locally occur in the S-type leucogranites (Tribeļ Mountains, Uher and Broska 1992; 

PovaģskĨ Inovec Mountains, Chud²k et al. in prep.), whereas Nb-Ta-Ti-W 

assemblage (mainly ferrocolumbite to manganocolumbite, qitianlingite?, Nb-rich 
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ferberite, Nb-Ta rutile) are typical for the specialized tin-bearing S-type granites in 

the Gemeric Unit (Uher 1995). A specific Y-Nb-(Ti) mineral assemblage 

(fergusonite, euxenite?) was determined in hypersolvus and subsolvus A-type 

granites; it reflects high Y, REE and Nb abundance and relatively high fractionation 

level of the A-type post-orogenic granitic suite in the Western Carpathians (Turļok 

and Hronļok granites; Uher & Ondrejka, unpubl. data). Nb-Ta oxide minerals 

(columbite-tantalite, ferrotapiolite, pyrochlore-group minerals etc. are typomorphic 

accessory phases also for S- and I-type granite-related pegmatites (Uher, Broska 

1995; Uher et al. 1998a, b). 

The comparative data with the main features of typomorphic REE-bearing 

accessory minerals, zircon and Nb-Ta mineral phases for the discrimination of 

granites is presented in Tab. 2.  

 
Table 2 Characteristics of accessory minerals in the S- I- and A-type granite suites 

 S-type I-type A-type 

mineral

/stage 

Ortho-

magmatic 

stage 

late-

magmatic/ 

post-

magmatic 

stage 

Ortho-

magmatic 

stage 

late-

magmatic/ 

post-

magmatic 

stage 

Ortho-

magmatic 

stage 

(hypersolvus 

granites) 

late-

magmatic/ 

post-

magmatic 

stage 

apatite high Mn and 

Fe 

not common low Mn, 

high S, more 

Cl  

low Mn  high Fe  rare 

allanite

-(Ce) 

low Fe3+  absent high Fe3+ absent high Fe3+, 

high REE 

(?) 

magne-

tite 

rare absent high Ti stoichiom

etric pure 

rare  stoichiomet

ric pure 

monazi

te-(Ce) 

high 

huttonite  

more 

cheralite (?) 

absent cheralite 

type 

present in 

subsolvus 

granites 

rare 

xenoti

me-(Y) 

present present? rare absent present present 

titanite absent absent absent high Fe3+ absent absent 

zircon L and low 

S subtypes 

G1 subtype, 

lower Zr/Hf 

ratio, more 

metamict 

high 

S  subtypes 

G1 

subtype 

low Hf;  

D, 

P5  subtypes 

high Hf; 

P1, G1 

subtype 

Nb-Ta 

phases 

absent rare Nb-Ta 

rutile, 

ferrocolumb

ite, 

Ti ixiolite 

absent absent absent(?) ferguso-

nite-(Y) 
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CONCLUDING REMARKS 

Our knowledge on accessory mineral character in granitic rocks gives a benefit 

to the recognition of the process forming the granites both in orogenic belts and in 

the anorogenic positions (Koh¼t 2002). Basically the development of plasma source 

mass spectrometric techniques and further development of laser Raman and infrared 

spectroscopy, high-resolution transmission electron microscopy, special X-ray 

techniques will give a new impuls for the further discoveries in accessory mineral 

(Poitrasson et al. 2002). Recently the development  of different  geochronological 

investigations including along conventional also chemical in situ datings illustrate 

the great potential of geochronological information locked in different accessory 

minerals. The geodynamic research will in the future strongly benefit from improved 

understanding of internal mineral textures, and mechanisms of element mobility 

within crystals (Poitrasson et al. 2002). Acessory minerals giving principal 

information to the granite typology and discrimination of the environment can be 

named as Ătypomorphicñ. 
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REAL OUTCROPS, PRECISE MACHINE DATA AND MODELS FOR 

GRANITE GENESIS: WHERE DOES CERTAINTY COME INTO IT? 

 
Abstract:  The origin and the emplacement of granitic rocks remains the focus of intense 

research.  That research seems to increasingly rely on machine-based studies as support for 

field work lessens and granite histories are encapsulated in, e.g., zoned minerals.  Petrography 

and other whole-rock data are more than just a means of classification; they have key roles 

to play in the understanding of granites.   Future certainty probably lies where it always did 

ï on the outcrops, on the maps relating those outcrops to one another and in truly 

representative samples.    

Keywords:  Granite, whole-rock, Karkonosze granite, Thorr granite, Strzegom granite  

 

INTRODUCTION 

In this age of ion microprobes, laser ICP-MS and the in-context, precise 

measurement of O and Hf in the smallest granite zircons, granite itself somehow 

eludes precision.  How did a particular granite magma originate, what did it happen 

to mix with and when did it crystallise?  Lasting certainty comes only grudgingly.  

Is the way in which samples are collected, and data used, part of the reason?    

At first sight, many granite outcrops appear uniform.  However, enclaves with 

compositional reaction halos, banding more or less cryptic and ghostly schlieren are 

everywhere.  The weather-bleached outcrop should be, in the mindôs eye, the rock 

as polished cladding or paving stone - in the rain.  If not, the chain of evidence linking 

the field geologist, the petrographer and the micro-chemist will not always be intact 

as zoned minerals replace whole-rocks?   

Where a granite intrusion as a whole is the focus, how should the rock variety 

characterising all scales be better addressed ï at reasonable cost?  Should replication 

be more common?  How often, for instance, are adjacent rock samples analysed to 

test the geological worth of analytical decimal places? The sample itself, in its 

varying mineralogy, size and unmapped place, may be compromising any precise 

laboratory derivative down the line - far more than does a bit of weathering. 

Whole-rock granite studies lead to imprecise results ï recognised as such most 

obviously in isotope dating.  The modern dating of individual zircons can be very 

precise ï but what does that precision mean in the context of a large heterogeneous 

granite body cooling and crystallising heterogeneously?  The analytical methods, 

ever more sophisticated, rely on everyday geological skills the appreciation of which 

is, perhaps, tending to be lost ï and expensive data undervalued. This paper is an 

attempt, using a few Polish and Irish examples, to show why.  
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PETROGRAPHY ï CRUCIAL STARTING POINT 

The sample collected, analysis starts with petrography commonly involving the 

counting of a mode.  For some time, modal analysis has been a cheap, effective, if 

time consuming way to classify granite compositions - and to provide 

a compositional framework within which to place selected samples.  However, the 

common porphyritic granite has never proved easy.  In published point-counted 

modes, numbers of points counted are typically given - but usually without mention 

of the area over which counting took place.  As an adequate sample of a structure-

less rock should be 100 times the area of the largest grain at least (Larsen, Miller 

1935; see also Chayes 1956), accurate modes of porphyritic granites strictly require 

large slabs or photographs.  Could it be that the mode-based classification of granites 

(LeMaitre 2002) suffers a bias driven by tedium?  However, modal analysis remains 

appropriate for granite and is a method which automation, in some inventive way or 

another (e.g., Hill et al. 1993), could make less onerous.   

Modes do more than classify. Whitten (1957 and later) long ago demonstrated 

the potential of modal analysis in a study of the Thorr Pluton in Ireland.  In this 

granite, Pitcher (1953) had mapped a ghost stratigraphy defied by country-rock 

enclaves.  Whitten using raw modal data, and derivative trend surfaces, revealed 

a cryptic mineralogical stratigraphy reflecting the mapped ghost stratigraphy 

extending into apparently homogeneous rock.  Though controversial questions 

surround any fundamental country rock role in the granite petrogenesis at the present 

level, this study did show that modal analysis keyed to field geology can provide 

challenging insights ï and provide a reference for future sampling. 

   

CHEMICAL AND ISOTOPE ANALYSIS OF GRANITES 

To completely reflect granite variability in terms of chemistry would require 

some geographic strategy involving more than a sample or two ï perhaps, as in 

Whittenôs work, a sampling grid.  Intuitively, the sample adequately reflecting the 

texture and the grain size of a coarse porphyritic granite could be the cubed analogue 

of that required for modal analysis - ca 20-25 cm3.  How often is anything like such 

used?  The payback from countless granite XRF analyses may not always have been 

all that it could have been.  Of course, large samples may not reveal the detail. 

Similar questions arise even more often in the case of whole-rock isotope 

analyses, especially whole-rock isotope analyses.  The unique value of granite 

whole-rock Rb-Sr data lies in the fact that they describe mapped rock, the essential 

granite components and, as the data reflect time, the samples may be definably 

linked.  Analysis of ca 25 kg granite samples was commonly recommended - to 

balance daughter-isotope migrations in and out.  Such a sample would compare with 

the 20-25 cm3 sample appropriate for XRF analysis of porphyritic granite.  However, 

though it has been demonstrated many times that small samples may yield younger 

Rb-Sr ages, many studies do not explicitly acknowledge using such.  So-called 

whole-rock ages may not always compare.  With adequate samples, patterns of Rb-

Sr whole-rock data could also act as a guiding template for the evaluation of XRF 

and other data.  
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Rb-Sr whole-rock data from two quarries in the Karkonosze Granite support two 

ca 328 Ma ages (Duthou et al.1991 and Fig. 1).  Initial ratios discriminate between 

porphyritic granite (0.7056) and granite with biotite schlieren (0.7064) ï but not 

within error.  Some additional data from between 200-1000 metres in core (opus cit) 

suggest compositional changes at depth; some falls below both quarry isochrons on 

Figure 1.  Horizontal contacts separating granite varieties have been noted on outcrop 

(Mierzejewski 1982).  How might a variable granite body such as this, layered 

perhaps on every scale, best be sampled?  The few data involved here are from just 

three sites that lie only 5 km apart along an east-west traverse.  Because they can be 

spatially related, these data begin to characterise the components of a large intrusion.  

A template for further study is partially revealed that would give added value to other 

types of data if obtained from the same samples. 

 

 

 
Fig. 1. Rb-Sr data for the Karkonosze granite, Sudetes, Poland (based on the figure in Duthou 

et al. 1991). 

 

Sample size and rock chemistry are not always independent.  A ca 480 Ma whole-

rock Rb-Sr isochron age (Pankhurst et al.1976), long deemed to date crystallisation 

in the Caledonian Ox Mtns Granodiorite, Ireland, has only recently been replaced by 

a much younger U-Pb zircon age of 412 Ma more appropriate to the geological 

context (Chew, Schaltegger 2005).  The Rb-Sr age, based on large samples, involved 

only low Rb/Sr samples.  In this case, the age is wrong ï or is it?  The older isochron 

may actually date the source.  The Thorr Pluton, Ireland provides a comparable 

example; a poor whole-rock errorchron (OôConnor et al. 1982) is much óimprovedô 

by omitting low Rb/Sr samples (Fig 2).  Here is a pattern concerning the role of 

mantle components that merits more precise examination.  In passing, the Thorr 

example also highlights the importance of data from aplites.  
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Fig. 2. Rb-Sr data for the Thorr granite, Donegal, Ireland (data from OôConnor et al. 1982).   

 

It is challenging and interesting, and cautionary, that sample size can conspire 

with chemistry to yield Rb-Sr isochron ages that accurately date intrusion and 

crystallisation ï and both older and younger isochron ages that do not ï and that 

zircon U-Pb ages from the same pluton may be younger or older than apparent Rb-

Sr isochron ages.  Every age clearly requires petrographic and/or outcrop 

corroboration. Sampling large areas in multi-component intrusions can also lead to 

scatter on isochron diagrams or even spurious ages ï the Murrumbidgee Paradox 

(Roddick, Compston 1977) comes to mind.  Sampling at varying depths, even within 

a single granite variety, can do likewise (Mohr 1991) ï as in the Karkonosze 

intrusion (above).  In the Murumbidgee intrusion, NSW, the explanation may also 

be understood in terms of scales of isotope homogenisation (Roddick, Compston 

1977) or of protracted cooling (McCarthy 1980) ï but there likely other options in 

this pluton (see Chappell 2003) as in many others. 

Though sample size may not be significant in the U-Pb dating of zircons or other 

minerals, these data too require support from a clearly understood contextual 

framework.  A good example is the composite Strzegom-Sob·tka Massif, Silesia, 

from which a two-mica granite component has given a 326Ñ22 Ma whole-rock Rb-

Sr age buttressed by a 324Ñ7 Ma biotite-whole rock cooling age (Pin et al. 1989).  

Recently, a precise 309 Ma monazite U-Pb age, and a similar 306 Ma xenotime age, 

were deemed best estimates for time of emplacement (Turniak, Brºcker 2002) of the 

two-mica rock.  The intrusion, at about that time, of a later component of the massif 

provides a more satisfactory context (Turniak et al. 2005).  Exact sample location 

may also be crucial to understanding the ca 324 Ma cooling (ca 350oC) age; 

individual intrusions cool at different rates in different places. 
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412        7                           3
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The few examples introduced here show that secure analytical answers to the 

questions granites pose are not easily and quickly found.  In the Rb-Sr context, fewer 

whole-rock samples, but adequately large, might provide secure ages or help to 

support others.  In others, smaller samples taken along defined horizons may do so.  

In every case, field context and petrography will underpin any certainty ï with 

accurate modal analysis having an initial strategic role to play.  Single-mineral 

studies are, of course, more easily constrained and the data more precise.  Might they 

best contribute detail to a larger-scale whole-rock pattern?      

 

SOME CONCLUDING COMMENTS 

¶ As analytical methods become ever more sophisticated, will 

focussed granite sample-collection practices inevitably become small-scale 

only? 

¶ Large type-specimens from major granite body could prove 

invaluable as long-term sources of equivalent replicate material for 

multiple/future studies.  

¶ Accessible archives of data would focus future research, avoid 

wasteful duplication and revalue old data; little of the latter is useless. 

¶ Unprocessed chemical data related to some spatial or other 

framework may actually be more powerful than initial ratios and other 

model derivatives.  

¶ The outcrop, in its spatial context, and the thin section, will continue 

to underpin geological certainty. 
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THE SOUTH BOHEMIAN PLUTON: A REVIEW ON A MULTICOMPOSITE 

BATHOLITH WITHIN THE CENTRAL EUROPEAN VARISCAN BELT 

 

In Central Europe the Variscan orogen is characterized by the presence of large 

volumes of mostly peraluminous granitoids. The surface exposure can reach more 

than 30%. Probably the largest plutonic complex is the South Bohemian Pluton 

(SBP) in N Austria and the S Czech Republic. It covers more than 10'000 km2 and 

thus forms the most prominent tectonic unit of the Moldanubian part of the southern 

Bohemian Massif (Klºtzli et al. 1999). 

A number of different models for the generation of these huge masses of granitoid 

rocks have been put forward in the last decades. Evidently the rocks intruded during 

an episode of late-orogenic HT-LP metamorphism in the Carboniferous. But in 

contrast to traditional thinking, there is no evidence for the significant addition of 

mantle melts (for instance by means of crustal under plating) to the crust. Instead the 

South Bohemian Pluton was probably formed by the increased contribution of 

radiogenic heat in the thickened crust during the post-collisional stage of the 

Variscan orogenesis (Gerdes et al. 2000a). 

 

PETROLOGICAL, GEOCHEMICAL AND GEOCHRONOLOGICAL 

CHARACTERISTICS 

This contribution reviews and summarizes the main petrological, geochemical 

and geochronological characteristics of the three main granitoid suites which are 

traditionally distinguished and presents a two-stage evolution model: 

 

A) Potassium-rich peraluminous biotite and two-mica granites often showing 

megacrystic potassium-feldspar crystals constitute the major part of the batholith. 

These are collectively deciphered as Weinsberg granites (WBG) and Eisgarner 

granites (EG), respectively. Geochronological data point to intrusion ages of several 

large magma batches spanning some 15 Ma from 335 to 320 Ma (Klºtzli et al. 1999). 

The geochemical characteristics can best be explained by 30 to 50 vol.-% partial 

melting of psammitic to pelitic graywackes. There is no evidence for magma mixing 

or abundant wall rock assimilation in the peraluminous granites (Gerdes et al. 2000). 

Instead, the geochemical and isotopic data of the WBG suggest individual granite 

intrusions with internally rather homogenous compositions, for instance each magma 
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batch has a different initial 86Sr/87Sr ratio (0.7080, 0.7093, 0.7106) but a more or less 

identical age (Gerdes 2001). 

 

B) Durbachitic to ultrapotassic rocks and minor amounts of granodiorites are 

termed Rastenberg granodiorite (RGD) and Trebic granite (TG). They form separate 

and minor intrusions to the E of the WBG and EG. These rocks are hybrid in nature 

stemming from a mixture of enriched mantle melts and crustal derived melts. They 

exhibit abundant magma mingling and mixing features. In this respect RBG and TG 

are not comparable to the rocks of the WBG and EG suites, respectively (Gerdes et 

al. 2000b, Rene, Stelling 2007). They are somewhat older than the former ones with 

intrusion ages ranging from 345 to 335 Ma (Klºtzli, Parrish 1996). Abundant 

inherited zircons ages (ca. 620 Ma) point to the reworking of a Cadomian protolith. 

 

C) Fine-grained biotite granites to two-mica granites of the Mauthausen (MGG) and 

Freistadt (FGG) suites, respectively, form high-level plutons, stocks and dikes. 

Contacts to the WBG and EG granitoids are sharp and discordant. They form a calk-

alkaline and metaluminous suite (Finger, B¿ttner 1994; Liew et al. 1989). Published 

intrusion ages are in the range of 320 to 300 Ma (Klºtzli et al. 1999). 

 

Basic plutonic rocks are rare and not well investigated. 

 

Additional geochronological information: Throughout the pluton another zircon 

forming event around 355 to 350 Ma can be detected occasionally (Klºtzli et al. 

2001). This is interpreted as a widespread early magmatic stage, probably occurring 

during the compressional phase of the Variscan orogenesis. 

 

CONCLUSIONS 

Based on the available petrological, geochemical and geochronological data, a 

two-stage model can tentatively be invoked to explain the generation of the South 

Bohemian Pluton: 

a) at 355 to 350 Ma: widespread melt generation in the lower crust during 

collisional tectonics i.e. during nappe emplacement. The melts probably stayed in-

situ, as no large igneous bodies were formed; 

b) from 345 to 300 Ma: formation of huge masses of granitoid magma and 

intrusion of the South Bohemian Pluton due to melting by radiogenic heat production 

in the thickened continental crust. No significant mantle contribution can be 

detected. 

The durbachitic and ultrapotassic rocks of the RGD and TG form an independent 

intrusion event which does not seem to be directly related to the formation of the 

other two granitoid suites. 
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OROGENIC GRANITIC MAGMATISM IN THE WESTERN  

CARPATHIANS ï 500 Ma HISTORY: A REVIEW  

 
Abstract: The genesis of the Paleozoic, Mesozoic and Cenozoic granitic rocks from the 

Western Carpathian is discussed in the frame of European tectonic evolution from the pan-

African Gondwana margin to Neo-Alpine back-arc extension within the Carpathians arc. 

Different granite types well mirrored changing tectonic processes from rifting, subduction 

and amalgamation of an oceanic lithosphere, through collision with lithospheric thickening, 

followed by delamination or break-off and finished in extensional tectonic during three 

orogenic cycles. The recycled continental crust with a contribution from lithospheric mantle 

plays crucial role at their genesis and compositions, indeed of repeated intrusions of Andean-

type calc-alkaline and Himalayan-type peraluminous and/or scarce A-type alkaline granitic 

magmatism.  

Keywords: granitic rocks, tectonics, geochemistry, Western Carpathians 

 

INTRODUCTION 

The distribution of various types granitic and associated mafic rocks within the 

European orogenic belts is associated with distinct thermal and tectonic 

environments. The Phanerozoic orogenic evolution in Europe is generally related to 

the pan-African break-up of the Gondwana northern continental margin (Pin, Marini 

1993; Matte 2001), followed by the Hercynian continent-continent collision 

processes (Matte 1986; Franke et al. 1995) connecting with major strike-slip faults, 

and finished by the Alpine evolution what is connected with Tethys Ocean and/or 

convergence of the African and Arabian plates and their collision with Eurasia, 

mainly from the Cretaceous to the recent (Ziegler 1990; Stampfli, Borel 2002). There 

were recognised following principal stages of the orogenic development within 

European basement areas: an Early Paleozoic cycle of Gondwana rifting ï pan-

African stage, followed by subduction and amalgamation of oceanic lithosphere 

and/or convergence of microcontinents during Eo-Hercynian period; proper 

collisional tectonics marked by lithospheric thickening with the formation of crustal 

scale nappe structures and large transcurrent faults ï Meso-Hercynian stage; 

lithosphere delamination (slab breakoff) resulting in rapid post-collisional uplift 

and/or extensional tectonics ï Neo-Hercynian stage. The Alpine orogeny in contrast 

to previous evolution is generally granite-poor period in Europe, although Late 

Cretaceous ï banatite magmatism originated due to continuous subduction/collision 

processes forms an important constituent of the Carpathians chain. The Oligocene ï 
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Miocene magmatism-volcanism as a consequence of back-arc extension associated 

with the asthenosphere uplift similarly played a significant role in evolution of our 

territory. Changing tectonic processes produced in the Western Carpathians 

following orogenic granites: i) Late Cambrian ï Ordovician felsic 

magmatites/volcanites now ï Older Orthogneisses; ii)  Devonian ï Older S-type 

high-K peraluminous granites (later transformed into Younger Orthogneisses); iii)  

Lower Carboniferous ï Younger S-type peraluminous granites; iv) Upper 

Carboniferous calk-alkaline I-type granites; v) Permian post-orogenic subalkaline A 

and Ss-type granites; vi) Late Cretaceous calk-alkaline ñbanatiticò granites, and vii) 

Miocene calk-alkaline granites.  

 

RESULTS  

The Cambrian ï Ordovician felsic magmatites/volcanites so called Older 

Orthogneisses were distinguished from Younger Orthogneisses only recently by 

means of modern dating methods (CLC TIMS, SIMS, SHRIMP). This type of 

orogenic magmatic rocks was identified mainly within the polymetamorphosed 

basement rocks in the Veporicum and Tatricum units. They are felsic coarse-grained 

and porphyric to medium-grained rocks with K-feldspar, plagioclase, albite, quartz, 

biotite, phengitic white mica, minor monazite and garnet. Although partly share their 

geochemical characteristics with younger successors, some difference can be seen: 

SiO2 vary in 70 ï 77 wt. %, K2O/Na2O = 0.54 ~ 1.38; Rb/Sr = 0.8 ~ 2.3; contents of 

Ga, Y, Th, U, and Co have slightly enriched, whereas Sr and Zr have depleted. 

Generally, have peraluminous character (ASI = 1.0 ï 1.4). REEôs have low values 

and show slightly U-shaped pattern with a pronounced negative Eu-anomaly. Initial 
87Sr/86Sr values range between 0.712 and 0.725 and eNd(i) between -2.6 and -5.0 are 

suggesting rather for their crustal source alike their whole rocks Pb/Pb isotopic 

characteristics (206Pb/204Pb = 19.585 ~ 20.651, 207Pb/204Pb = 15.673 ~ 15.762 and 
208Pb/204Pb = 38.950 ~ 40.104) indeed feedback from the lower crustal metaigneous 

source can be seen. Typical representative of these Western Carpathians earliest 

felsic magmatites are so called Mur§n orthogneisses with age 464 Ñ 35 Ma (Gaab et 

al. 2006) and granitic orthogneisses from the northern Veporic area 462 Ñ 10 Ma; 

467 Ñ 8 Ma (Gaab et al. 2005). Comparable or slightly older results brought SHRIMP 

dating of Veporic orthogneisses with ages 485 Ñ 6 Ma; 496 Ñ 4 Ma and 507 4 Ñ 4 

Ma (Putiġ et al. in print). The Late Cambrian magmatic age (491 Ñ 11 and 495 Ñ 4 

Ma respectively) were detected from detrital magmatic zircons of the Lower Unit 

metasediments in the Western Tatra Mts. that represents the last magmatic activity 

of the precursor rocks and/or it defines the maximum age for sedimentation of the 

present day metasediments (Koh¼t et al. in print). 

The Devonian felsic granitic rocks sheared and/or dynamically transformed to 

ñbandedò and ñaugenò Younger Orthogneisses are common in Tatric and Veporic 

units. Their precursors were mostly biotite and muscovite-biotite monzogranites to 

granodiorites. Typical medium- to high-potassic magmatic rocks of the calk-alkaline 

series, with subaluminous to peraluminous character (ASI = 0.9 ï 1.5) represent this 

type of rocks. Overall geochemistry shows that SiO2 vary in  
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67 ï 77 wt. %, K2O/Na2O = 1.04 ~ 2.03; Rb/Sr = 0.7 ï 1.5; generally have low 

abundances of Ba, Sr, B and increased Rb, Li, and iron group elements (Cr, Ni, V, 

Sc) and W. The low to moderate REEs show typical fractionated pattern with distinct 

negative Eu anomaly and their contents are apparently controlled by presence of 

monazite and apatite. The increased initial Sr values (ISr = 0,709 ~ 0,722) indicate 

dominance of crustal source, whereas initial eNd values (eNd(i) = -5.03 ~ -7.87) 

suggest for slight influence by lower crustal source. The whole rocks Pb/Pb isotopic 

characteristics (206Pb/204Pb = 17.9995 ~ 20.4876, 207Pb/204Pb = 15.6065 ~ 15.7470 

and 208Pb/204Pb = 37.9630 ~ 40.7480) similarly suggest for crustal source of the 

former magmatic rocks with slight influence by less radiogenic Pb derived from 

enriched lithospheric mantle (EM II). The scarce oxygen isotope data indicate 

analogous dominance of the crustal source with d18O(SMOW) = 11.0 ~ 11.7ă (all data 

taken from Koh¼t 2004; 2007). Geochronological data ï U/Pb dating of zircons 

provides informations its magmatic age between 406 Ñ 5 Ma and 381 Ñ 6 Ma (Poller 

et al. 2000; Putiġ et al. 2003). However, the Meso-Hercynian HT-MP 

metamorphic/magmatic event is responsible their sheared pattern and/or 

metamorphic overprint at 360 ï 340 Ma what recorded EMP monazite dating (Petr²k 

et al. 2005) and zircon SHRIMP dating (Putiġ et al. in print). 

The Younger S-type granites are common in the Core Mountains of Tatric unit 

and within Veporic composite batholith. They are peraluminous (ASI = 1.1 ï 1.5), 

dominated by two-mica granites and granodiorites while biotite granodiorites to 

tonalites are less common. The accessory mineral association monazite + ilmenite, 

and the presence of host (metamorphic) rock xenoliths is typical for these rocks. 

From a geochemical point of view, Ba, Sr and Rb range widely (up to 1600, 600 and 

200 ppm respectively) with Rb/Sr = 0.2 ï 0.8; rarely up to 1.8. SiO2 varies from 66 

to 77 wt.% and K2O/Na2O = 0.7 ï 1.4. The contents of CaO, TiO2 and P2O5 are 

generally low (<2.5; <0.7 and <0.3 wt.%.). The REE content is moderate, with a 

fractionated pattern and a small, negative, Eu anomaly. Initial Sr ratios are between 

0.706 ï 0.708; eNd(350) = -0.62 to -4.24; the 206Pb/204Pb ratios of the whole rock 

samples range from 18.39 to 19.28 and the 207Pb/204Pb ratios from 15.59 to 15.74, 

and the stable isotope (O and S) values range between d18O(SMOW) = 8.8 to 11.3ă 

and d34S(CDT) from -0.9 to +5.7ă (all data are from Koh¼t et al. 1999; Poller et al. 

2001; Koh¼t et al., 2001; Koh¼t, Recio 2002). Magmatic intrusion ages of these 

granites are between 350 ï 330 Ma, with most values around 340 Ma (Bibikova et 

al. 1988; Michalko et al. 1998; Poller et al. 2000, 2001, 2005; Poller, Todt 2000; 

Putiġ et al. 2003; Gaab et al. 2005). 

The Upper Carboniferous calk-alkaline I-type granites spatially come with 

previous type of granites but in less volume. Generally, they are rather metaluminous 

to subaluminous (ASI = 0.8 ï 1.1), dominated by biotite tonalite to granodiorite with 

scarce hornblende. Muscovite-biotite granodiorite to granite are less frequent. The 

accessory mineral association magnetite + allanite, and the occurrence of mafic 

microgranular enclaves (MME), are characteristic of this group. Lower SiO2 

concentrations, from 60 to 68 wt.%, coincide with higher trace elements Zr, Ba, Sr 

(up to 380, 1350, and 800 ppm), higher LREE and Fe group element contents. REE 
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patterns are typically steeper, with higher LREE and without Eu anomaly. The initial 

Sr = 0.704 ï 0.707 with Rb/Sr = 0.05 ï 0.7, are consistent with a Rb-poor crustal 

source and/or mixed lower crustal or mantle component. These rocks are clearly 

richer in CaO, TiO2 and P2O5 than previous granites, whereas K2O/Na2O = 0.5 ï 0.9. 

Few Nd data fall within the S-type group with eNd(310) = -1.7 to -3.5, although mafic 

dioritic enclaves with eNd(310) = 1.8 to 0.5 clearly indicate interaction with a basic or 

intermediate, dioritic, lower crustal melt. The 206Pb/204Pb ratios of tonalitic whole 

rock samples range from 17.99 to 18.85, and the 207Pb/204Pb ratios from 15.53 to 

15.70 suggest heterogeneous continental crustal source with recycled oceanic crust. 

The stable isotopic (O and S) ratios, with d18O(SMOW) = 7.8 ï 9.9ă and d34S(CDT) from 

-2.9 to +2.3ă support melting of a more basic lower crustal protolith. Magmatic 

intrusion ages of this I-type granite group vary between 310 ï 300 Ma (Broska et al. 

1990; Bibikova et al. 1990; Michalko et al. 1998; Poller, Todt 2000; Poller et al. 

2005).  

The Permian mildly alkalic A-type group of granites with distinctive 

mineralogical and geochemical signature is found within the Veporic unit and/or its 

border zone with Gemeric unit. Various petrographic types include porphyritic to 

megacrystic (up to 6 cm), aplitic to microaplitic varieties and granite porphyries were 

observed. Typical representatives of this type are so called Hronļok granite (Petr²k 

et al. 1995), Turļok granite (Uher, Gregor 1992) and also as pebbles in Cretaceous 

flysch in the Outer Carpathian Klippen belt ï Upohlav type (Uher, Marschalko 

1993). The Velence granite from Hungary also belongs to this group according to 

Uher & Broska (1996). Although the A-type granites do not form a homogenous 

group they exhibit some common characteristics: high Si, K, F, REE, Ga/Al, 

sometimes Na, Rb, Zr, Nb, Y and W; low Ti, Mg, Ca, P, Ba, Sr, and V contents (SiO2 

values (70 ï 77 wt. %), peraluminous character (ASI = 1.0 ï 1.3), K2O = 4 ï 5 wt. 

%, Rb = 66 ï 280 ppm with average 185 ppm, high Ga = 17 ï 35 ppm, F = 350 ï 

500 ppm, Th = 10 ï 52 ppm (av. 19 ppm), low Sr = 30 ï 110 ppm (av. 75 ppm), Ba 

= 50 ï 500 (av. 479 ppm), in Upohlav type up to 1300 ppm (Uher, Broska 1996; 

Broska, Uher 2001). Particularly distinct are REEËs, which show characteristic 

weakly fractionated patterns with pronounced negative Eu-anomaly. Scarce, 

depleted stable isotopes values d18O(VSMOW) = 7.8 ă, and d34S(CDT) = -0.69 ă indicate 

a lower crustal meta-igneous protolith (Koh¼t et al. 2001). The age of the A-type 

granites is known from conventional zircon datings: 274 Ñ 13 Ma for the Upohlav 

type (Uher, Pushkarev, 1994); 239 Ñ 1.4 Ma for the Hronļok granite, and 278 Ñ 11 

Ma for its fine-grained microaplitic equivalent (Putiġ et al., 2000) Recent SHRIMP 

zircon data suggest for 256 Ñ 6 Ma magmatic event for Turļok granite (Putiġ et al. 

in print).  

The Gemeric granites are represented by several petrographic types e.g. coarse-

grained and/or porphyric biotite granite variety occurs in the deeper part, whereas 

medium-grained muscovite-biotite granite and fine-grained two-mica granite often 

greisenized are found in upper part of body. Geochemically, the Gemeric granites 

are unique compared to other Western Carpathians Hercynian granitic rocks. Their 

overall characteristics place them among specialised tin-bearing Ss-type granites. 
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They have elevated SiO2 values (73 ï 78 wt. %), a strongly peraluminous character 

(ASI = 1.2 ï 1.6), the high concentrations of F, B, Rb, Li, Cs, Sn, Mo, Be and low 

concentrations of Sr, Ba, Zr and V (Petr²k, Koh¼t 1997; Broska, Uher 2001). The 

high initial Sr isotope ratios (ISr = 0.711 ï 0.715) together with higher eNd(i) = -4.6 

and elevated stable isotopes values d18O(VSMOW) = 10ă, d34S(CDT) = 4.48ă, indicate 

a mature continental metasedimentary feldspar and muscovite-rich protolith 

(Kov§ch et al. 1986; Koh¼t et al. 1999; Koh¼t et al. 2001; Koh¼t, Recio 2002). The 

opinions concerning the magmatic age of the Gemeric granites were changed several 

times. Kantor (1957) did first isotopic determination of this granite by K-Ar method 

on K-feldspar from Betliar locality with an age 98 Ma, although later presented 

cooling ages on micas from 241 Ñ 5 to 222 Ñ 5 Ma (Kantor, Ryb§r, 1979). However, 

recent EMP chemical isochrone method of monazite dating confirmed older 

Hercynian age of Gemeric granites with a 276 Ñ 13 Ma to 263 Ñ 28 Ma age (Finger, 

Broska 1999; Finger et al. 2003). These data are in accordance with the present-day 

precise single-grain U-Pb zircon dating, which suggests a Permian (273 Ñ 30 ï 246 

Ñ 5 Ma) crystallisation age for the Gemeric granites (Poller et al. 2002). The Permian 

age (263 Ñ 0.8 Ma) was confirmed by recent Re-Os molybdenite dating from 

exocontact greisen (Koh¼t, Stein 2005).  

The Late Cretaceous ï Rochovce hidden magmatic body was discovered by 

geophysics and drilling in the contact zone between Veporic and Gemeric units. This 

type is formed by two intrusive phases. The first phase comprises two petrographic 

varieties: coarse-grained biotite monzogranites with the pink  

K-feldspars phenocrysts, locally with mafic microgranular enclaves, and granite 

porphyries. The second phase is more evolved type representing by medium- to fine-

grained biotite leucogranites and leucogranitic porphyries. The Rochovce granites 

have normal to elevated SiO2 values (66 ï 77 wt. %), a typical calc-alkaline, 

subaluminous to peraluminous character (ASI = 0.9 ï 1.4), high concentrations of 

Ba, Rb, Li, Cs, Mo, Nb, Y, V, W, Cr, F, Th, U and low concentrations of Sr, Zr and 

Be (Hat§r et al., 1989). The low initial Sr isotope ratios (ISr = 0.7083 ï 0.7126), 

together with negative eNd(i) = -3.0 and depleted stable isotopes values d18O(VSMOW) = 

8.0ă, d34S(CDT) = -2.1ă indicate a lower crustal meta-igneous protolith (Hraġko et 

al. 1998; Koh¼t et al. 2001). Their Cretaceous magmatic age was proved by U-Pb 

zircon dating ï conventional method 82 Ñ 1 Ma (Hraġko et al. 1999) and 

cathodoluminescence controlled single zircon method 75.6 Ñ 1.1 Ma (Poller et al. 

2001b), and/or recent Re-Os dating from disseminated molybdenite ï 80 Ma (Koh¼t 

et al. in print).  

Miocene calk-alkaline granites form an integral component of volcanic and 

hypabyssal rocks in the Central Slovakian Neovolcanic field exposed in the Bansk§ 

Ġtiavnica and Hodruġa tract of its central zone (Hodruġa ï Ġtiavnica Intrusive 

Complex). The massive granodiorite consist of intermediate plagioclase, quartz,  

K-feldspar, biotite, amphibole, and accessory magnetite, titanite, pyroxene, apatite 

and zircon. The rockôs texture is evengrained and porphyric in marginal parts, locally 

with mafic microgranular enclaves. The granitic rocks are often altered ï sericitized, 

chloritized and propylitized. These granodiorites have standard values of SiO2 (59 ï 
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66 wt. %) higher contents of CaO (3.7 ï 7.0 wt. %) FeO (1.5 ï 4.0 wt. %) MgO (1.2 

ï 3.8 wt. %) and lower content of TiO2 (0.5 ï 1.0 wt. %). Generally have enriched 

Ba (400 ï 900 ppm), Cr (10 ï 45 ppm), V (60 ï 155 ppm), and F (220 ï 800 ppm), 

whereas values of Sr = 320 ï 540 ppm, Rb = 80 - 180 ppm, and Zr = 103 ï 188 ppm 

are standard compared to other Western Carpathians granites (Marsina et al. 1999). 

Its initial Sr value 0.706 (Kumar 1991) suggests for lower crustal source affected by 

lithospheric mantle and/or its I-type character. The age of this granitic rock was 

determined by K/Ar dating with ages between 19.5 Ñ 0.8 Ma and 10.5 Ñ 0.5 Ma 

(KoneļnĨ et al. 1983) respectively 16.9 Ñ 3 Ma (Rozloģn²k et al. 1991); FT method 

ï 17.2 Ñ1.5 Ma (Repļok 1981) and Rb/Sr isochrone 19.6 Ñ 8 Ma (Rozloģn²k et al. 

1991) whereas U/Pb zircon dating indicate its homogenisation before 24 ï 21 Ma 

(Rozloģn²k et al. l.c.).  

 

DISCUSSION & CONCLUSIONS 

The Western Carpathians form a part of an extensive, equatorial, orogenic belt 

extending from the Atlas Mountains in Morocco, through the Alps, Dinarides, 

Pontides, Zagros, and Hindukush to the Himalayas and to China. They are the 

northernmost, EïW trending branch of this Alpine belt, linked to the Eastern Alps in 

the west and to the Eastern Carpathians in the east. Generally, granitic rocks are good 

medium that recorded various orogenic processes through their mineral and chemical 

(isotopic) composition, linking not only chronometric informations, but achieve 

progress in understanding the dynamics of mountain building processes. Presented 

review throughout the time show that granites mirrored orogenic evolution within 

the Western Carpathians since the Cambrian to Miocene. Various types of granitic 

rocks and their chemistry document change of tectonic processes from rifting, 

subduction and amalgamation of an oceanic lithosphere, through collision with 

lithospheric thickening, followed by delamination or break-off and finished in 

extensional tectonic during three orogenic cycles. Many similarities in compositions 

of these granites indicate repeating origin of calc-alkaline I-types, peraluminous S-

types and scarce alkaline A-type granites in our realm, while M-type granites were 

not prove yet, indeed some indications of plagiogranites exist there mainly within 

LAC complexes. Taking in account granite typology their ages, associated mafic 

rocks and P-T conditions of host metamorphic rocks it is obvious the Carpathians 

granites originated during several convergent orogeny mainly at an active Andean-

type arc or a Himalayan continental collisional processes in time of Phanerozoic 

orogenic cycles.  
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CHEMISTRY OF CASSITERITE IN RARE METAL BEARING-GRANITOIDS 

AND THEIR ASSOCIATING ROCKS, EASTERN DESERT, EGYPT 

 
Abstract: Syngenetic cassiterite is associated with the Li-albite granite of G. Abu Dabbab 

and the leucogranite segments of Igla Ahmar area (i.e. magmatically specialized granites). 

Post-magmatic stage of tin mineralization is commonly confined to the metasomatized zones 

of the alkali feldspar granites of G. Mueilha and G. Homr Akarem. The cassiterite of the 

specialized granites has deep orange to reddish brown pleochroic core that are alternately 

rimmed with lighter bands and shows low Nb/Ta ratio. Whereas, The cassiterite of the 

albitized granites is characterized by development of deep brown to dark brown pleochroic 

color zones, which are progressively alternating with lighter ones and has high Nb/Ta 

contents.  

Keywords: cassiterite, specialized and metasomatized granitoids, Arabian-Nubian Shield 

 

INTRODUCTION 

Tin is chiefly found in the form of cassiterite (SnO2), which is the main source of 

such metal.  Specialized granitoids are those genetically and spatially associated with 

cassiterite mineralization (Tischendorf, 1977). In the Arabian-Nubian Shield, the 

granitoids associated with Sn-W deposits are considered to be fractionated product 

of calc-alkaline I-type magmatism at destructive plate margins (Roger and 

Greenberg, 1977) and within plate A-type granites (Harris, 1982). In the 

metasomatized granites, Sn mineralization is associated with the granites through 

metasomatism (i.e. apogranite). Accordingly, two different rare-metal bearing 

granitoids varieties are investigated through four granite plutons spread in the central 

and southern Eastern Desert of Egypt. These include: G. Abu Dabbab (Li-albite 

granite) and the leucocratic granite segment of G. Igla Ahmar Ahmar, which 

represent the specialized granitoids. On the other hand, the albitized granite parts of 

G. Homr Akarem and G. Mueilha depict as metasomatized granitoid ones. The 

present study concerns with the typomorphic characters and mineral chemistry of 

cassiterite confined to some rare-metal bearing granitoids at the Eastern Desert of 

Egypt, which related to the specialized and metasomatized granitoid varieties.  
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SAMPLING AND ANATICAL TECHNIQUES 

Electron-microprobe (Jeol JXA-50A, situated in Hokkaido University, Japan) 

microanalyser has been used for analyzing cassiterite in thin polished sections of the 

studied granitoids, greisen and quartz veins well as in thin polished grain mounts 

prepared for cassiterite fractions separated from the placer samples (Tab. 1).  

 

RESULTS 

Cassiterite is commonly displaying three styles of zoning namely; progressive, 

oscillatory, and sector. In the progressive zoning, the crystals show smooth color 

(and compositional) variation rim-wards. The core is yellowish brown to black is 

grading outward into faintly yellow to colorless rim. In the oscillatory-zoned 

crystals, successively alternating zones of colorless, white, yellow, orange, red and 

deep reddish brown zones are extending parallel to the c-axis. For simple treatment 

of the present investigation, the colored zones were discriminated into three variants 

namely: i) light (i.e. colorless, white, yellow); ii) intermediate (i.e. yellowish-

orange); and dark (i.e. red, deep reddish brown to even opaque). Cassiterite crystals 

disseminated in stanniferous granites commonly exhibit gentle progressive zoning 

characterized by small-scale variations in Nb, Ta, and Fe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T a b le  (1):  S e le c te d  EP M A  a n a ly s e s  o f th e  in v e s t ig a te d  c a s s ite rite  fro m th e  ra re  me ta l b e a rin g-g ra n ito id s  o f 

th e  d iffe re n t  s tu d ie d  a re a s , Ea s te rn  D e s e rt  o f Eg y p t.

Gra n ito id                 S p e c ia lize d  g ra n ito id s         M e ta s o ma t ize d  g ra n ito id s

ty p e s                       Le u c o g ra n ite            Li-a lb ite  g ra n ite  A lb it ize d  g ra n ite s  (A p o g ra n ite s)

A re a                     Ig la  A h ma r          A b u  D a b b a b        M u e ilh a     H o mr A ka re m

N o .* 1 2 3 4 5 6 7 8 9 10 11

N b 2O 5 0.18 0.20 0.36 0.80 0.36 0.28 0.82 0.46 1.22 0.14 0.43

T a2O 5 0.87 0.29 0.94 1.02 0.51 0.76 1.30 --- 0.15 0.04 0.08

S n O2 96.10 97.30 95.31 94.21 96.31 96.71 93.51 96.70 95.41 99.51 98.52

T iO 2 0.72 1.10 0.67 1.51 0.63 0.45 1.40 1.49 1.45 0.11 0.22

W O 3 0.12 0.08 0.14 0.16 0.11 0.14 0.14 0.08 0.14 0.03 0.08

Ga2O 3 0.01 0.01 0.02 0.04 0.01 0.02 0.03 --- 0.01 --- ---

F e* O 1.52 0.21 1.78 2.10 0.75 1.30 1.82 0.81 0.74 0.19 0.55

M n O 0.14 0.01 0.16 0.23 0.08 0.12 0.19 0.02 0.01 0.10 0.11

T o ta l 100.66 99.20 99.38 100.07 98.76 99.78 99.21 99.56 99.13 100.12 99.99

N u mb e r o f c a t io n s  b a s e d  o n  2 o xy g e n s.

N b 0.002 0.002 0.004 0.009 0.004 0.003 0.009 0.005 0.014 0.002 0.005

T a 0.006 0.002 0.006 0.007 0.003 0.005 0.009 0.000 0.001 0.000 0.001

S n 0.958 0.971 0.952 0.926 0.969 0.965 0.929 0.956 0.945 0.992 0.981

T i 0.014 0.021 0.013 0.028 0.012 0.008 0.026 0.028 0.027 0.002 0.004

W 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.000 0.001

Ga 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

F e* 0.032 0.004 0.037 0.043 0.016 0.027 0.038 0.017 0.015 0.004 0.012

M n 0.003 0.000 0.003 0.005 0.002 0.003 0.004 0.000 0.000 0.002 0.002

N b /T a 0.33 1.00 0.67 1.28 1.33 0.60 1.00 >5.0 14.00 >5.0 5.00

A n a ly s is  N o.* .: 1, 2, 5,8 a n d  10 re fe r to  lig h t-c o lo re d  zo n e s ;  3 =  y e llo w is h  o ra n g e  (in te rme d ia te-c o lo re d) 

 zo n e ;  4, 6, 7, 9 a n d  11 re fe r to  d a rk-c o lo u re d  zo n e s  in  th e  in v e s t ig a te d  c a s s ite rite.

T o ta l iro n  a s  F e O* .

--- b e lo w  d e te c t io n  lim it.  
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CONCLUSIONS  

The high Nb/Ta ratios in the hosting apogranites as well as the associated 

columbite mineral and cassiterite may suggest that the predominance of Nb over Ta 

is initially attributed to igneous fractionation (i.e. crystal/melt or fluid partitioning) 

characterizing such granitic association. The conspicuous variation in colors, 

pleochroism and chemistry of cassiterite from albite granites and metasomatized 

apogranites can be considered as a valuable exploration tool when prospecting for 

primary cassiterite mineralization. In other words, during the panning survey, which 

is largely applied for rare metal mineralizations in general and cassiterite deposits in 

particular, the pleochroism of any cassiterite present indicates the nature of the 

primary mineralizations (i.e. magmatically specialized versus metasomatically host 

granites). 
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PROVENANCE OF DETRITIC GARNETS IN THE MIDDLE JURASSIC 

CLASTIC SEDIMENTS OF THE CRACOW REGION. 

 
Abstract: Detritic garnets from the Upper Bathonian/Lower Callovian sands of the Cracow-

WieluŒ Upland show high proportion of the almandine-pyrope and even pyrope garnets. 

Their source rocks were most likely granulites, eclogites and ultrabasics.  Their source area 

is unknown. Similar compositions of the detrital garnets were also recorded in the Outer 

Western Carpathians (Flysch Zone, Pieniny Klippen Belt), i.e. the crustal segments which 

formed Silesian and Magura cordilleras and the Czorsztyn Swell were not necessarily derived 

from Moldanubian Zone of the Hercynides as was thought before. 

Keywords: heavy minerals, Jurassic, Krak·w-WieluŒ Upland, provenance analysis, garnet 

 

INTRODUCTION 

Detritic heavy mineral analysis of the Middle Jurassic sands and sandstones in 

the southern part of the Krak·w-WieluŒ Upland was performed to compare the 

heavy-mineral assemblages with those published from the Tethyan Jurassic of the 

Western Carpathians (ĞoziŒski 1956, 1957, 1966; Aubrecht 1993, 2001), Eastern 

Alps (Faupl 1975) or from the Tethyan margin of the Bohemian Massif (Ġtelcl et al. 

1972, 1977). The results from the Tethyan regions show big differences in the heavy 

mineral spectra between the internides and externides. The externides are dominated 

by garnet, accompanied by zircon, rutile and tourmaline, with subordinate amounts 

of other minerals. The internides are characterized by predominance of tourmaline 

and apatite, accompanied with zircon and rutile. The results from the margin of the 

Bohemian Massif correlate well with the results from the externides. Analyses of 

detritic garnet in the samples from the externides  (Jurassic to Paleogene of the 

Pieniny Klippen Belt and Flysch Zone) display big portion of pyrope-almandine 

garnets coming from granulites and eclogites (Otava et al., 1997, 1998; Aubrecht, 

M®res 1999, 2000; Salata 2004, Grzebyk, LeszczyŒski 2006). Wieser (1985) reports 

about numerous granulitic pebbles from the Silesian Unit of the Flysch Zone. 

Pyrope-almandine garnets were also reported from the Carboniferous of the Moravo-

Silesian Culm basin (Ļopjakov§ et al. 2001; Hartley, Otava 2001). Most of the 

authors derived this exotic garnet material from Moldanubian zone of the Bohemian 

Massif. Except of this zone, there are only two other known occurrences of granulites  
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and eclogites - G·ry Sowie Block and the śnieŦnik area complex in the Western 

Sudetes (Oberc 1972; Smulikowski 1967; Kryza et al. 1996). These are, however, too 

small to be a regionally important source of clastic material. 

 

GEOLOGICAL SETTING 

Middle Jurassic deposits of the Krak·w region (Krak·w-WieluŒ Upland, Poland) 

represent the transgressive sequence. They were laid down on the erosional surface, 

which is developed on the older, Palaeozoic and Mesozoic rocks. In some places the 

lower or early middle Jurassic continental clays (mainly lacustrine) are preserved.  

The sequence of Middle Jurassic deposits commences with quartz sand and 

sandstone, which comprises conglomeratic horizons. These deposits are devoid of 

any fossils excluding silicified fragments of tree trunks. They are of shallow marine 

origin, however their basal part might be deposited in fluvial environment. The 

transgression caused the filling of the uneven basement topography. It is reflected 

by variable thickness of clastic deposits, which varies from zero up to 10 m. The 

sands gradually pass upwards into sandy limestone of Calloviense zone which is 

about 3 m in thickness. The underlying clastics are then of uppermost Bathonian and 

lowermost Callovian age. Percentual amounts of heavy minerals in this formation 

were previously published by Krysowska (1960, 1962). She reported about the heavy 

mineral spectra dominated by garnet, accompanied by zircon and rutile, with 

subordinate amount of turmaline and staurolite. We studied heavy minerals at the 

following localities: quarry at the road between Dňbnik and Czatkowice (N 

50Á13'16.5'', E 19Á47'41.3''), Dňbnik Quarry (N 50Á09'52.1'', E 19Á40'17.4''), 

Pacz·ğtowice (N 50Á10'33'', E 19Á39'22.9'') and Racğawice (N 50Á11'7.8'', E 

19Á40'34.5'').  

 

METHODS USED 

The heavy minerals were separated from the sands in heavy liquids (bromoform, 

density cca 2.8 g/cm3). To check the ratios of various heavy minerals in the samples, 

the fraction 0.08-0.25 mm was studied in transmitting polarized light. The amounts of 

heavy minerals were determined by ribbon point counting. Detrital garnets were 

separated manually under binocular lens. The composition of garnets was determined 

using a CAMECA SX-100 electron microprobe at the State Geological Institute of 

DionĨz Ġt¼r in Bratislava. The analytical conditions were 15 kV accelerating voltage 

and 20 nA beam current, with a peak counting time of 20 seconds and a beam 

diameter of 2ð10 ɛm. Raw counts were corrected using a PAP routine. 

 

RESULTS AND INTERPRETATIONS 

The studied heavy mineral spectra were slightly dominated by garnet but the 

contents of zircon, rutile and turmaline were also high which is in contradiction with 

previous results of Krysowska (1960, 1962). These four minerals were accompanied 

by lesser amounts of staurolite and apatite. The microprobe analyses of detrital 

garnet grains show that they can be divided into 5 groups, according to their 

composition (Fig. 1): 
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1) Garnets coming from garnet peridotites. These have high contents of pyrope 

molecule (~ 70 mol %), relatively low contents of almandine (~ 15 mol %), 

grossular (~ 12 mol %) and very low spessartine molecule(< 1 mol %). 

 

2) Garnets coming from granulites. They have relatively lower contents of pyrope 

(30-50 mol %) than the previous ones, but have higher contents of almandine (50-

60 mol %), low proportion of grossular (~ 5 mol %) and very low contents of 

spessartine (~ 2 mol %). 

3) Garnets coming from eclogites. These have pyrope contents about 30-56 mol %, 

almandine contents of 35-45 mol % and that of spessartine less than 1 mol %. They 

differ from the group No. 2 by higher proportion of the grossular molecule (20-30 

mol %).  

4) Garnets coming from gneisses. They have high almandine contents (~ 60 mol %), 

low pyrope contents (~ 10 mol %) and higher contents of spessartine (10-27 mol 

%) than granulitic garnets. Contents of grossular were less than 6 mol %. 

5) Garnets coming from amphibolites (for better overview, in the diagram they are 

grouped together with garnets from gneisses). They are characteristic by pyrope 

contents of about 15-25 mol %, low spessartine contents (< 10 mol%), higher 

grossular contents (20-30 mol %) and relatively high contents of almandine  

(~ 75 mol %). 

 

All the garnets from the Dňbnik locality are characterized by high pyrope 

contents (> 30 mol %). Such garnets are typical for granulites, eclogites and garnet 

peridotites. In the samples from the quarry between Dňbnik and Czatkowice, 

garnets from garnet peridotites, granulites and eclogites were distinguished. Garnets 

from gneisses were in minority. The source rocks of the garnets from Racğawice 

Locality  were granulites, eclogites, gneisses and amphibolites. Garnets from the 

Pacz·ğtowice Locality  were derived from garnet peridotites, granulites and 

eclogites. 
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Fig.1. Composition of the detrital garnets from the Bathonian-Callovian sands from the 

Cracow Region and their source rocks (for source rocks - see Aubrecht and M®res, 2000). 

 

DISCUSSION AND CONCLUSIONS 

All the examined samples yielded surprisingly high portion of pyrope-almandine 

to pyrope garnets. The heavy mineral percentages and the garnet chemistry are very 

similar to the data from the West Carpathian externides. In this part of the 

Hercynides, however, it is difficult to estimate the source area. As mentioned in the 

introduction, there are only small terrains with granulites and eclogites in Poland 

(G·ry Sowie and śnieŦnik). Granulitic rocks are generally considered as exotic in the 

area of Cracow. Some granulitic pebbles were found in the Carboniferous sediments 

of the Upper Silesia Coal Basin (Paszkowski et al. 1995). In the Carboniferous 

clastics of the Moravo-Silesian Zone, the authors invariably derive the clastic 

material from the Moldanubian Zone of the Bohemian Massif (Paszkowski et al. 

1995; Hartley, Otava 2001). Similarly, the crustal segments of the Pieniny Klippen 

Belt were interpreted to be derived from the Moldanubian Zone (Aubrecht, M®res 

1999, 2000). However, the new data presented in this paper indicate that the source 

area should be more proximal to the recent Polish Platform. The detrital garnet 

chemistry shows that the source area was predominantly formed by granulites, 

eclogites and peridotites. Any river draining recently known crystalline areas in the 

Moravo-Silesian Zone would bring a big portion of almandine-rich garnets coming 

from phyllites, mica-schists and gneisses, because they form majority of these 

terrains. G·ry Sowie and śnieŦnik cannot solely represent a source area. The only 

possible interpretation is to admit an existence of yet unknown terrane with granulites, 

eclogites and peridotites that was situated near the Moravian-Silesian area before the 

Jurassic rifting. 
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POST-MAGMATIC GARNET, PREHNITE AND PUMPELLYITE IN MAFIC 

DYKES OF THE KARKONOSZE MASSIF ï PRELIMINARY DATA  

 
Abstract: Mafic hypabyssal rocks of the Karkonosze massif (lamprophyres, monzo-diorites) 

show evidence of post-magmatic alteration. Apart from previously recognized minerals (e.g. 

chlorite, clinozoisite-epidote, sericite) there are also newly identified Ca-Al -Fe silicates, 

including grossularite-andradite, prehnite and pumpellyite. The post-magmatic processes 

spanned a relatively wide range of P-T conditions and the resulting mineral assemblages were 

also dependent on bulk-rock modal compositions and textures. 

Keywords: lamprophyre, monzodiorite, dyke, alteration, Karkonosze, Sudetes 

 

INTRODUCTION 

The eastern part of the Carboniferous Karkonosze granitic pluton (Sudetes, SW 

Poland) is cut by a NNE-trending swarm of mafic to felsic dykes. The mafic rocks 

comprise various lamprophyres and monzodiorites to micromonzodiorites 

(Awdankiewicz et al. 2005) which often show extensive post-magmatic alteration, 

including albitization and/or sericitization of plagioclase as well as the replacement 

of ferromagnesian minerals by chlorite, actinolite, epidote-group minerals, 

carbonates and clay minerals (e.g. Borkowska 1966). However, recent studies reveal 

also the presence of such Ca-Al -Fe silicates, as grandite garnets, prehnite and 

pumpellyite, which were not noted previously in these rocks. This paper provides (i) 

preliminary data on the occurrence of the newly identified minerals, including their 

chemical composition, and (ii) a brief discussion of the post-magmatic alteration 

processes in the mafic dykes of the Karkonosze massif. 

 

PETROGRAPHY AND MINERAL CHEMISTRY OF THE MAFIC ROCKS 

The post-magmatic garnets, prehnite and pumpellyite were identified in 

7 samples of mafic hypabyssal rocks collected from dykes near the villages of 

Bukowiec and TrzciŒsko, SE of Jelenia G·ra. These minerals occur in various 

combinations with other post-magmatic phases, like chlorites, carbonates or clino- 

zoisite/epidote. Selected examples, which illustrate the most typical mineral 

associations and textures, are characterised below. 
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Fig. 1. Back-scattered electron images showing Ca-Al -Fe silicates in mafic hypabyssal rocks 

of the Karkonosze massif. A ï biotite intergrown with chlorite, garnet and prehnite in a fine-

grained monzodiorite. B ï chlorite pseudomorph with oval garnet inclusions in a cognate 

enclave in micromonzodiorite. C ï anhedral aggregate of pumpellyite and chlorite in a 

groundmass of minette. Minerals: Ap ï apatite, Aug ï augite, Bt ï biotite, Cal ï calcite, Chl 

ï chlorite, Grt ï garnet, Pl ï plagioclase (strongly replaced by serictite and other post-

magmatic minerals), Prh ï prehnite, Qtz ï quartz. 

 

Garnets associated with prehnite were identified in fine-grained monzodiorites 

and micromonzodiorites. The fine-grained monzodiorites are mainly composed of 

strongly sericitized plagioclase with relics of andesine-oligoclase composition, 

partly overgrown by K-feldspar and granophyric intergrowths of quartz and K-

feldspar. Intersticies are filled with anhedral quartz and calcite, and locally with 

chlorite and titanite. Other minerals comprise biotite, augite and minor brown 

amphibole, ilmenite and apatite. Augite is partly replaced by actinolite, and biotite 

by chlorite. However, most biotite plates contain also characteristics intergrowths of 

garnet and prehnite aligned parallel to cleavage planes (Fig. 1A). 

The microcrystalline monzodiorites contain phenocrysts of augite, altered 

plagioclase and chlorite pseudomorphs (after olivine?), often forming 

glomerocrystals grading into small cognate enclaves. Augite is partly replaced by 

actinolite, and plagioclase is strongly sericitized, with relics of labradorite to 

oligoclase-albite composition. The groundmass consists mainly of altered 

plagioclase and augite with minor K-feldspar, quartz, ilmenite, titanite, chlorite, 

calcite, epidotes and, rarely, brown amphiboles. Post-magmatic garnets occur in the 

groundmass, and form also small round inclusions in some chlorite pseudomorphs 

(Fig. 1B). In addition, small prehnite intergrowths were identified in a strongly 

altered plagioclase. 
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Table 1. Selected chemical analyses of garnet (Grt), prehnite (Prh) and pumpellyite (Pmp) 

from fine-grained monzodiorite (MD), micromonzodiorite (MMD), minette (MIN) and 

spessartite (SPT). Normalization: Grt ï 12 O, total Fe=Fe3+; Prh ï 11 O, total Fe=Fe3+; Pmp 

ï 24.5 O, 16 total cations. Analyses were carried out using the CAMECA SX100 electron 

microprobes at Warsaw University and Ruhr Universitªt Bochum. 

 

Rock MD MMD Rock MD MMD Rock MIN SPT

Mineral Grt Grt Mineral Prh Prh Mineral Pmp Pmp
SiO2 34.865 36.504 SiO2 42.308 43.771 SiO2 35.753 37.114

TiO2 0.124 0.635 TiO2 0.304 0.076 TiO2 0.502 0.108

Al2O3 6.471 9.988 Al2O3 21.236 23.086 Al 2O3 20.193 20.797

Cr2O3 0.031 0.050 Cr2O3 0.000 0.012 Fe2O3 6.461 7.792

Fe2O3 23.273 18.107 Fe2O3 5.119 2.165 FeO 8.865 7.577

MnO 0.058 0.224 MnO 0.000 0.000 MnO 0.200 0.194

MgO 0.028 0.108 MgO 0.013 0.000 MgO 0.073 0.035

CaO 34.821 34.599 CaO 27.191 26.468 CaO 20.875 22.714
Total 99.671 100.215 Na2O 0.003 0.065 Na2O 0.000 0.038

#Si 2.884 2.929 K2O 0.023 0.000 K2O 0.055 0.000

#Al IV 0.116 0.071 Total 96.197 95.643 Total 92.977 96.369

Z site 3.000 3.000 #Si 2.954 3.022 #Si 6.027 6.027

#Al VI 0.515 0.874 #Al IV 1.047 0.979 #Ti 0.064 0.013

#Ti 0.008 0.038 T site 4.000 4.000 #Al 4.012 3.980

#Cr 0.002 0.003 #Al VI 0.700 0.898 #Fe+3 0.820 0.952

#Fe+3 1.449 1.093 #Fe+3 0.269 0.113 #Fe+2 1.250 1.029

Y site 1.974 2.009 O site 0.968 1.011 #Mn+2 0.029 0.027

#Mn 0.004 0.015 #Ti 0.016 0.004 #Mg 0.018 0.008

#Mg 0.003 0.013 #Cr 0.000 0.001 #Ca 3.770 3.952

#Ca 3.086 2.975 #Mn 0.000 0.000 #Na 0.000 0.012

X site 3.094 3.003 #Mg 0.002 0.000 #K 0.012 0.000

#Total 8.067 8.012 #Ca 2.034 1.958 #Total 16.000 16.000

Prp 0.11 0.43 #Na 0.001 0.009

Alm 0.00 0.00 #K 0.002 0.000

Sps 0.13 0.51 A site 2.054 1.971

Adr 73.41 54.43 #Total 7.022 6.981

Uv 0.10 0.16

Grs 26.25 44.48  
 

Pumpellyite occurs in some spessartites and minettes. The spessartites consist 

mainly of deep brown amphiboles (kaersutite), clinopyroxenes (augite to diopside) 

and strongly albitised and sericitised plagioclase, whereas the minettes are mainly 

composed of dark mica (phlogopite to biotite), diopside and variable K- to Na-

feldspars. The ferromagnesian minerals form phenocrysts and groundmass crystals, 

and feldspars are confined to the groundmass. In the samples studied the groundmass 

contains abundant chlorite associated with pumpellyite, the latter forming anhedral 

aggregates (Fig. 1C). 
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The garnets (Tab. 1) represent members of grossularite-andradite solid solution, 

dominated with andradite (50 ï 85% mol.) and with a very low content of the end-

members other than andradite and grossularite (below c. 1%). Prehnite analyses 

indicate compositions close to the ideal formula of this mineral, but with relatively 

high content of Fe+3 substituting Al in ocathedral sites. Pumpellyite represents an 

iron-rich variety with a very low Mg content. 
 

FINAL REMARKS 

Prehnite, pumpellyite and clinozoisite-epidote are typical minerals in mafic 

igneous rocks affected by very low- to low-grade metamorphism at sub-greenschist 

facies conditions. These minerals, together with grossularite-andradite garnets, are 

also common alteration products in plutonic rocks of granitic or syenitic to dioritic 

composition. Their formation is linked with autometasomatic processes that affect 

rocks during the subsolidus cooling of plutonic bodies (e.g. Freiberger et al. 2001). 

The post-magmatic mineral assemblages in the mafic rocks of the Karkonosze 

massif include minerals typical of the greenschist facies (albite, chlorite, actinolite, 

epidote) as well as the newly recognized sub-greenschist-facies minerals 

(grossularite-andradite, prehnite and pumpellyite). This may suggest that the 

alteration processes spanned relatively wide range of P-T conditions. However, the 

post-magmatic mineral assemblages were also dependent on the modal composition 

of the protoliths (e.g. garnets occur in samples with abundant decomposed 

plagioclase which probably supplied Ca for garnet formation) and their textural 

heterogeneity (e.g. actinolite preferentially developed on clinopyroxene, and 

prehnite crystallized within biotite). Further studies will possibly enable some 

quantification of the P-T and other controls involved in post-magmatic alteration 

processes in the discussed dykes. 
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Abstract: The late Variscan Karkonosze Granite in the West Sudetes is cut by locally 

numerous lamprophyre and other rock-type dykes. Preliminary results of SHRIMP zircon 

geochronology in a micromonzodiorite dyke indicate an important admixture of inherited 

zircons of c. 2.0, 1.4 Ga, and c. 570 (and 500?) Ma. The most likely age of the main magmatic 

population of the zircons is estimated at c. 318 Ma and this age would constrain the minimum 

age of host Karkonosze Granite. 

Keywords: zircon, SHRIMP geochronology, Variscan magmatism, hypabyssal dykes, 

Karkonosze Granite, Sudetes 

 

INTRODUCTION 

The late Variscan Karkonosze Granite is a large pluton emplaced within the 

metamorphic complexes of the Karkonosze-Izera Block in the West Sudetes, at the 

NE margin of the Bohemian Massif (Mierzejewski, Oberc-Dziedzic 1990). The 

pluton comprises several granite types, with two dominating varieties: porphyritic 

and even-grained (aphyric) granites (Borkowska 1966). The eastern part of the 

pluton is cut by a NNE-trending swarm of mafic to felsic dykes, including 

lamprophyres, monzodiorites and porphyrytic microgranites (Awdankiewicz et al. 

2005). 

The main porphyritic type of the Karkonosze Granite was dated at 329Ñ17 Ma 

using the Rb-Sr whole-rock isochrone, whereas the even-grained variety (the ridge 

type) yielded the date of 310Ñ17 Ma (the same method, Duthou et al. 1991).  
40Ar-39Ar dating of a single biotite from the porphyritic type  (Liberec-type granite) 

gave an age plateau at 320Ñ2 Ma, with two last high temperature steps  at 315 and 

314 Ma (Marheine et al. 2002). The dykes cutting the Karkonosze intrusion, thus 

generally younger than the granites, have not been dated so far. 

This study provides preliminary results of SHRIMP zircon dating of 

a micromonzodiorite from a dyke in the eastern part of the Karkonosze pluton. 

Micromonzodiorites are widespread there and represent relatively evolved members  
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of the hypabyssal igneous suite. Individual dykes are up to 10-20 m thick, several 

hundred meters long and they cut the porphyrytic granites. Sharp contacts with the 

host granite, local cataclasis of the granite along the contacts, and chilled margins of 

the dykes (observed in blocks) show that the micromonzodiorite dykes postdate the 

consolidation of the host granite. Thus, dating of dykes (i) gives information on the 

age of the hypabyssal magmatism in the Karkonosze Massif, and (ii) can help to 

better constrain the age of the Karkonosze Granite. 

 

METHODS OF INVESTIGATION 

The samples for this study were collected in several old quarries near Bukowiec, 

c. 12 km SE of Jelenia G·ra. Our observations are based on 25 thin sections, EMP 

results from two samples, and SHRIMP data from 1 sample. The sample selected for 

zircon geochronology, c. 3 kg in weight, was crushed, sieved, and the heavy fraction 

0.06ï0.25 mm separated using the conventional heavy liquid (sodium polytungstate) 

procedure. Hand-picked zircons representing various morphological types were 

mounted in epoxy resin, and a polished section was used for optical microscopy, CL 

imaging, and SHRIMP analysis at VSEGEI in St. Petersburg. 

 

RESULTS 

Petrography 

The micromonzodiorites represent porphyrytic rocks with phenocrysts of altered 

plagioclase, relatively fresh augite and rare chlorite pseudomorphs (after olivine ?). 

Plagioclase is strongly replaced by sericite and other post-magmatic minerals, but 

relics of labradorite to oligoclase-albite composition are also found. Augite shows 

normal zoning (Fs increases rimwards) and sieve-textured, altered cores and contains 

small intergrowths of Mg-hornblende, actinolite and ferroactinolite. The 

microcrystalline groundmass consists mainly of altered plagioclase and augite with 

minor K-feldspar, quartz, ilmenite, titanite, chlorite, calcite, epidotes and, rarely, 

brown amphiboles. In some specimens post-magmatic garnet, prehnite and 

pumpellyite are also found (Awdankiewicz M., Awdankiewicz H. 2007). 

 

Zircon characteristics 

The zircons are diversified in morphology and many crystals are broken. Some 

of the euhedral crystals are strongly structured, with CL bright and dark oscillatory 

zoning. A few grains have rather irregular forms. Common Pb is rather low, between 

0 and 0.68 %, whereas the Th/U ratio is mostly moderate to fairly high  

(c. 0.2 ï 0.6), typical of magmatic zircons. 

 

SHRIMP ages 

Sixteen points in fourteen zircon crystals have been analysed. Four analytical 

points are significantly negatively discordant (two of them having 207Pb-206Pb 

minimum ages of c. 500 Ma) and these have been excluded from our interpretation.  

Two points in irregular zircon grains gave positively discordant 207Pb-206Pb 

minimum ages of c. 1.4 and 2.0 Ga. Two other euhedral and zoned crystals 
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(apparently magmatic in origin) yielded Neoproterozoic, fairly concordant 206Pb-
238U ages: 565Ñ5 and 578Ñ6 Ma. Evidently, all these represent inherited materials. 

The main population of zircons displays 206Pb-238U ages dispersed within the 

range of 298 ï 318 Ma. The average Concordia age for seven points is 313Ñ3 Ma. 

However, all the points are slightly- to significantly positively discordant which 

makes this average age problematic. The discordance indicates either Pb loss or 

mixing domains with variable proportion of inheritance. 

Based on the data available, it is difficult to precise the true age of the 

micromonzodiorite dyke. Four positively discordant points oscillate around 307 and 

311 Ma. However, most likely, the moderately discordant and relatively old ages of 

c. 318 Ma, representing the main population of the zircons, may approximate the 

magmatic event of the dyke. 

 

 

 

 
 

 
Fig. 1. Concordia diagram showing part of the SHRIMP zircon data from 

micromonzodiorite. 
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CONCLUSION 

The preliminary SHRIMP data of zircon grains from the micromonzodiorite dyke 

in Bukowiec indicate  a significant admixture of inherited materials of c. 2.0, 1.4 Ga, 

and c. 570 and, tentatively, 500 Ma. This information helps to define the older crustal 

materials, either in the source of the magma, and/or contributing to its contamination.  

The SHRIMP data obtained suggest that the likely minimum age of the dyke is 

c. 318 Ma, and this would constrain the minimum age of the Karkonosze granite in 

that part of the pluton. 

 
The study was supported by the Polish Research Committee KBN Grant 3 P04D 025 22, and 

internal grants of Wrocğaw University, 2022/W/ING and 1017/S/ING. 
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MINERALOGY OF BAROQUE RENDERINGS FROM THE HISTORICAL 

MONUMENT IN KOŧUCHčW (LUBUSKIE VOIVODSHIP)  

 
Abstract: This research focuses on the characteristics of the seventeenth century renderings 

of the fa­ade of a building in KoŨuch·w (lubuskie voivodship), used in decorating details 

(figures of Saints). Petrographical, XRD and chemical analyses have been used to 

characterize these materials. Based on this study, two separate renderings have been 

distinguished, differing in composition of their filler. The first one is dominated by coarser 

grained siliceous sand, whereas the second one has a much finer grained filler, composed of 

a mixture of siliceous sand and numerous, non-transparent particles (charcoal and 

presumably metallurgical slag). Both renderings have similar, microcrystalline binder mass, 

composed of calcite and gypsum. Clay minerals, as well as carrion were also detected, as 

additives. The binder/filler proportion is found around 1:1.  

Key words: baroque renderings, petrography, X-ray diffraction 

 

INTRODUCTION 

One of the main problems in the conservation of monuments is the knowledge of 

original technology. Typical masonry mortars between bricks and stones, mortars 

used as wall finishing materials internally (plaster) or externally (render), are 

composed of a mixture of water, binding material, filling material and sometimes 

additives, which modify their properties. Within this context the presented analysis 

of the renderings employed in the decorating details of the fa­ade of a building 

located in the Klasztorna street no. 6, in KoŨuch·w (lubuskie voivodship, 21 km 

southwards the Zielona G·ra) was made to determine their composition. The upper 

storey of the building is decorated with two figures of Saints, situated between 

windows. The figure on the northern side represents Saint Peter, whereas the one on 

the opposite side represents Saint Paul. Both of them are composed of brick core, 

covered with three renderings, of which only two are fully preserved. They are 1) 

the inner, creamy rendering and 2) the outer, greyish one. The third and the outermost 

rendering exists only fragmentarily.  

Until now, no detailed data of the characteristics of the buildingôs original 

masonry were known. According to Kowalski (1976) the building is baroque, and 

presumably was erected in the beginning of the XVIII century. However, records of 

the Office of the Protection of the National Heritage, Department in Zielona G·ra 

date this building from the XVII century (Evidence Card Green: KoŨuch·w, 

Klasztorna 6, 1959). Across centuries several repairs and reconstructions were 

conducted for renderings, plasters and stuccowork, leaving only figures of the Saints  
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unchanged. After a period of neglect, in 1960 the construction was pulled down, 

except for its fa­ade, which is intentionally preserved due to the specific nature of 

its architecture. Both figures were in poor condition, particularly that of Saint Peter, 

which lost almost 80% of its primary form. In 2006 a renovation project has started, 

aiming at restoration of the buildingôs original splendour.  

SAMPLES AND METHODS 

Due to the importance of the monument, four small, representative samples of the 

inner and the outer rendering were taken with the use of hammer and chisel. Two 

samples were collected from the figure of Saint Peter and the other two from the 

figure of Saint Paul. The choice of the appropriate analytical technique depended 

mainly on the available quantity of samples. The description of renderings was made 

with the application of optical microscopy and X-ray diffraction. The utilized 

preparation and methodology were described by Bartz and Wanad (2006). Two 

samples representing outer rendering from both figures were additionally digested 

with diluted hydrochloric acid, following the procedure depicted by Alvarez et al. 

(1999), to determine the acid insoluble residue. On the basis of this estimation, the 

binder/filler ratio was calculated, assuming that these constituents correspond to 

soluble fraction and insoluble residue, respectively (op. cit.). According to Alvarez 

et al. (1999) this assumption is valid, excluding materials with limestone filler.  

 

  

Fig. 1. Photomicrograph of a thin section cut from: a) inner rendering b) outer rendering, 

taken in plane polarized light.  

RESULTS AND DISCUSSION 

Optical microscopy shows that the filler of the inner rendering is coarse grained 

(0.2 to 2.0 mm), composed mainly of angular quartz and sparse rock-pieces grains 

(Tab. 1), disseminated in homogenous and microcrystalline binder mass (Fig. 1A). 

The filler of the outer rendering is finer grained and made up of numerous black 

coloured, elongated particles as main compound with subordinate angular, siliceous 

grains (Tab. 1, Fig. 1B). The latter ones typically reach up to 0.5 mm, whereas the 

former ones vary from very fine-grained, abundant dust, up to large, sparse 2.5 mm 

long pieces. Part of these black particles are regularly porous, with fuzzy edges and 

are recognized as charcoal. According to Brochwicz (1973) regularly arranged pores 
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within charcoal particles suggest these were burnt from coniferous trees. The 

remainig black particles are amorphous, irregularly porous. Sparse larger grains are 

partly crystalline, enclosing some small inclusions of unidentified, medium 

birefringent phases (calc-silicates ?). According to Elsen (2006) the presence of these 

inclusions suggests they presumably represent grains of metallurgical slag, rather 

than scale forge. Charcoal, as well as scale forge and metallurgical slag, were 

previously widely used for preparation of mortars, plasters and renderings 

(Brochwicz 1973, Rogal 2002, Bartz, Wanad 2006, Elsen 2006). This kind of 

mortars was described by Furtenbach in 1628 (vide: Brochwicz 1973 pp. 84) for the 

first time. The addition of these components increases durability of mortars, 

maintaining desired moisture content, in addition giving them grey colour 

(Brochwicz 1973).  

Tab. 1. Main mineralogical phases revealed by microscopic observations of analysed 

renderings.  

 Quartz 
Rock 

grains 

Clay 

minerals 

Opaque 

particles 
Calcite Gypsum 

Organic 

fibres 

Inner 

rendering 
+++ ++ + - +++ ++ - 

Outer 

rendering 
++ - + +++ +++ ++ ++ 

+++ dominantly present + traces 

++ present - not present 

 

The volume of insoluble residue is high, ranging from 51% to 56% in the outer 

rendering. On the basis of these estimations, the filler/binder ratio was found around 

1:1. Sparse organic fibres (wood, coat) and clayey particles were identified within 

the insoluble residue of outer rendering (Tab. 1) added to improve the tensile strength 

of the material (Elsen 2006).  

The XRD analysis of both kind of renderings shows the predominant presence of 

calcite and gypsum, which constitute microcrystalline binder mass. The relative 

strong gypsum peaks on the XRD pattern suggest that this phase could not have 

resulted from sulfation by atmospheric deterioration (Sabbioni 2001), but represents 

intentionally added constituent. Quartz has also been identified as the main 

constituent of the filler. Through the XRD analysis of the outer rendering it is 

possible to detect the presence of peaks which might be assigned to lipscombite 

(Fe3(PO4)2(OH)2). This mineral supposedly could be attributed to the reaction of 

metallurgical slag, rich in iron, with organic additives (carrion) rich in phosphorus. 

The latter one was usually added to slaking pits (Brochwicz 1973). The increase of 

intensities at very low 2q angles on XRD pattern could be attributed to the presence 

of clay minerals and organic matter, observed within insoluble residue of the outer 

rendering. The lime lumps (sensu Elsen 2006) have not been found within 

renderings, thus wet slaking of properly burnt lime is assumed rather than dry slaking 

(op. cit.).  
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SUMMARY 

Two different renderings of the seventeenth century fa­ade of a building located 

in KoŨuch·w have been recognized to be used in decorating details (figures of 

Saints). The outer rendering was prepared with a 1:1 mixture of a filler composed of 

siliceous sand with a heavy addition of additives (charcoal + presumably 

metallurgical slag) and a lime ï gypsum based binder. The inner rendering consists 

of calcite and gypsum as a binder and siliceous sand as a filler.  

The mineralogical characteristics of these renderings is similar to the XVII 

mortars found among the  monuments of ToruŒ (Brochwicz 1973) and Henryk·w 

(Bartz, Wanad 2006). The absence of Portland cement compounds is the evidence  

of the originality of the renderings. 

Those renderings prove to be older than restorations, that occurred at the turn of 

the XIX and the XX century. The examined renderings represent the unique 

technique of the XVII century masonry. The specific nature of the building has no 

equivalents in KoŨuch·w, as well as within the southern area of lubuskie voivodship, 

thus it requires an intensive protection.  
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THE SULPHIDES AND SULPHATES IN SPHAEROSIDERITES FROM  

THE LUBLIN FORMATION (LUBLIN COAL BASIN; WESTPHALIAN B) 

 
Abstract:  Large sphaerosiderites from the Lublin Coal Basin (LCB) exhibit septarian 

structure with radial cracks filled by secondary minerals. Sulphides and sulphates from this 

paragenesis were examined. Nearly stoichiometric formulas of sulphides may suggest their 

origin in low-temperature solutions during late diagenesis. Analyses of Ni-Fe solution 

showed high content of Ni in sulphides from septarian cracks. The source of Ni is probably 

organic matter. The results of isotopic analyses of S suggest its origin in coal forming 

processes (Smith and Batts 1974). Sulphides were formed as a result of bacteria activity, and 

organic matter was a source of H2S. Differentation of sulphur isotopes come in close system 

of H2S source by the way of microbial activity. Sulphides formed during methanogenesis 

with high microbial activity while sulphates formed in late methanogenesis stage. 

Characteristic diffrences beetwen coexisting pyrite and barite confirm possibility of biogenic 

fractionation effect. 
Keywords: sulphides, sulphates, sulphur isotopes, sphaerosiderites, Lublin Coal Basin 

 

INTRODUCTION 

Large sphaerosiderites from the Lublin Coal Basin (LCB) exhibit septarian 

structure with radial cracks filled by secondary minerals. Sphaerosiderites were 

collected from claystones and mudstones from the  Bogdanka Coal Mine (LCB). 

Beside the presence of carbonates (siderite, calcite, dolomite), apatite, quartz, 

kaolinite (Bazarnik 2005) sulphides and sulphates are also present in septarian 

structures. Pyrite, nickelian pyrite (ñbravoiteò), millerite, sphalerite, chalcopyrite, 

barite and celestobarite were examined. 

 
METHODS OF INVESTIGATION 

Scanning electron microscope (SEM) observations and microphotographs were 

performed using FEI QUANTA 200 FEG microscope at the Department of 

Mineralogy, Petrography and Geochemistry, AGH-University of Science and 

Technology in Krak·w. 

Chemical compositions of minerals were obtain using Cameca SX-100 electron 

microprobe at the State Geological Institute of DionĨz Ġtur in Bratislava. 

Sulphur isotope compositions were examined at the State Geological Institute of 

DionĨz Ġtur in Bratislava. Sulphides were converted to SO2 for isotopic analyses by 

combustion with CuO at 770ÁC. The measurements were performed using Mat 
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Finingan 200 mass spectrometer. Barite was converted to ZnS and then analysed as 

sulphides below. The d34S results are reported using the standard relative to the 

Canyon Diablo Troilite (CDT). 

 

RESULTS 

Pyrite is present as primary mineral in sphaerosiderite bodies, and as secondary 

one in septarian cracks. Primary pyrite forms small, allomorphous crystals with pure 

chemical composition: FeS1.94-1.99As0-0.01. Pyrite present in septaria forms large 

automorphous crystals (up to 2-3 cm) and framboidal aggregates. Framboidal pyrites 

are very pure: FeS1.92 (low value of sulphur is caused by very small sizes of analysed 

crystals), while automorphous pyrites exhibit isomorphic substitution of Ni. Two 

varieties of large pyrites were determined: first one with higher Ni content: 

Fe0.95Ni0.04Co0.01S1.95-1.96  (Fig. 1; Secondary pyrite I) and the second one with lower 

Ni content: Fe0.98-0.99Ni0.01S1.97-2 (Fig. 1; Secondary pyrite II). 

Nickelian pyrite (ñbravoiteò) forms small (up to tens of ɛm), single, 

automorphous crystals (Fig. 2a) with septarian cracks. The variable empirical 

formula of this mineral was constrained to Fe0.64-0.79Ni0.19-0.35Co0.01-0.03S1.95-1.99As0-0.01. 

 
 

 
Fig. 1. Fe-Co-Ni plot of secondary sulphides with chemical compositions of analysed 

minerals. 
 

Millerite forms aggregates of brass-yellow, needle-like crystals, up to 1cm long. 

The empirical formula was constrained to Ni0.99Co0.01S, except one crystal of 

millerite Ni0.86Fe0.13Co0.01S0.92. 

Sphalerite and chalcopiryte are uncommon and form small (up to hundreds of 

ɛm), single crystals (Fig 2b and d). The formula of sphalerite is Zn0.94-0.99Fe0-0.01Cd0-

0.01S1.01-1.05 and chalcopyrite - Cu0.97-1Fe0.96-1.01Zn0-0.07S1.99-2. Similar Fe-poor 
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sphalerite from the Kladno coal district (Zacek and Fryda, 1995) is interpreted to be 

diagenetic.  

 

  

  

Fig 2a-d. Microphotographs of sulphides and sulphates from septarian cracks.  

B ï nickelian pyrite (ñbravoiteò), Ch ï chalcopiryte, C ï calcite, S ï siderite, Mg-S ï Mg-

siderite, P ï pyrite, Ba ï barite, Sph ï sphalerite, Q ï quartz. 
 

Beside sulphides crystals of barite and strontium-bearing barite were observed in 

septarian cracks. Barite (Ba0.92-1Sr0-0.07Fe0-0.01Ca0-0.01(SO3)0.98-1) forms large 

aggregates of crystals (up to few cm; Fig. 2c), whereas strontium-bearing barite 

(Ba0.67Sr0.31Fe0.01Ca0.01SO3) is present as very small (up to 20 ɛm), single crystals. 

Stable isotope analyses of minerals provided high diversity of results (Tab. 1). 

Isotope composition of sulphur in sulphides varies between ï3.794 and 37.391ă. 

Isotope compositions of sulphur in barite is very high: 75.432ă. It could be a result 

of isotope fractionation. Difference between coexisting pyrite and barite is ca. 28ă. 

It may suggest effect of biogenic fractionations of SO2 (Kaplan, Rittenberg 1964).  
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Table 1. Sulphur isotope composition of some minerals from spaerosiderites. 

Mineral Millerite Sphalerite Pyrite Barite 

d34S (CDT) ă -3.794 14.611 37.391 75.432 

 

CONCLUSIONS 

Nearly stoichiometric formulas of sulphides suggest their origin in low-

temperature solutions during late diagenesis. Analysis of Ni-Fe solution showed high 

content of Ni in sulphides from septarian cracks. The source of Ni is probably an 

organic matter. Similar paragenesis from the Kladno coal district desribed by Zacek 

and Fryda (1995) is interpreted to be diagenetic also. The results of isotopic analyses 

of sulphur are typical for coal forming processes (Smith and Batts 1974). Forming 

of sulphides was a result of bacteria activity and organic matter was a source of H2S. 

Differentation of sulphur isotopes come in close system of H2S source by the way of 

microbial activity. Sulphides were formed during methanogenesis under high 

microbial activity, while sulphates formed in late methanogenesis stage. 

Characteristic diffrences beetwen coexisting pyrite and barite confirm possible 

biogenic fractionation effect. 
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CHEMICAL COMPOSITION OF MONAZITES  

FROM THE JAWORNICKIE GRANITOIDS, WESTERN SUDETES 

 
Abstract: The paper presents results of a comprehensive electron microprobe study of 

monazites from the Jawornickie granitoids, Western Sudetes. The monazites appeared 

chemically fairly uniform in all analyzed samples with ThO2 contents of ca. 4,99-11,9, wt.%, 

UO2 0,33-1,02 wt.%, La2O3 12,4-15,43 wt.%, Nd2O3 8,9-10,6 wt.%, Y2O3 1,12 to 1,91 wt.%. 

Some grains displayed weak zoning in the BSE image with increasing darkness near the rims. 

It was found that U and Y contents were somewhat lower in the outer growth shell. Chemical 

composition indicates monazite formation during a single stage and probably at constant P-

T-X fluid conditions. 

Keywords: monazite, geochemistry, granitoids, Sudetes 

 

INTRODUCTION 

In acidic magmas the REE typically form minerals of their own: monazite, 

allanite and xenotime. The main REE-phosphate minerals in the Jawornickie 

granitoids are allanite and monazite, however they do not occur together in a rock 

samples. 

The Jawornickie granitoids are dyke-like, elongated plutons of small size which 

occur within the multiply deformed rocks of the Zğoty Stok ï Skrzynka shear zone. 

The Jawornickie granitoids may be grouped into five groups according to 

mineralogical and geochemical criteria: type A - most typical,  biotite is the only 

mafic silicate; type B ï amphibole-bearing; biotite occurs as a primary mineral phase 

and as a reaction product associated with the margins of many amphibole grains; 

type C- with primary muscovite; Or96-99, An27-1; Bt ï Fe/(Fe+Mg)  - 0.4-0.43, Ti ï 

0.21-0.23; Msc ï Na/(Na+K) ï 0.10-0.13, Si ï 7.18-7.39 (for O=22); type D- 

leucogranite; type E- pegmatite. The monazite compositions discussed here occur in 

granites of group C. 

Geochemically Jawornickie granitoids of group C are broadly calc-alkaline with 

relatively high alkali (Na2O+K2O) content, ranging from 6.8 to 8.3 wt. %, Na2O/ 

K2O ratios of 2.5 to 3.6 and A/CNK ratios of 1.08 to 1.17. The average  LaN/LuN is 

20.87. Varieties with allanite as main REE phase are generally metaluminous to 

weakly peraluminous (A/CNK ratios of 0.8 to 1.07), high-K calc-alkaline rocks with 

higher concentrations of TiO2, CaO, K2O, MgO, Ba, Zr, and lower concentrations of 

Al 2O3, Na2O and LaN/LuN ratio (average -14.07) comparing to granitoids from group 

C. 

 

 
1 Wrocğaw University, Institute of Geological Sciences, pl. M. Borna 9, 50-205 Wrocğaw, 

Poland;dbial@ing.uni.wroc.pl 
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METHODS OF INVESTIGATION 

Mineral analyses were performed in Clermont-Ferrand using CAMECA SX-100 

electron microprobe, employing ZAF correction procedure. Analyses were 

conducted at 15 kV, and 20 nA. The counting times on the peak were 300 s for Pb, 

75 s for Th and 225 s for U. For The REE and other elements, counting times were 

60 s and 40 s on peak, respectively. 

.  

RESULTS 

Monazite typically forms euhedral to anhedral grains of stable size (100 ɛm to 

150 ɛm) and mostly devoid of inclusions. Grains may be homogeneous or 

compositionally zoned, and are most commonly included within biotite. In the BSE 

image some grains displayed weak zoning with increasing darkness near the rims 

(Fig.1). 

 
Fig.1. BSE images of monazites from the Jawornickie granitoids. 

 

Concentrations of ThO2 in monazites from the Jawornickie granitoids range from 

4.99 to 11.9 wt%, which is typical for S- and I-type granites (Watt, Harley 1993; 

Fºrster 1996).  

Typical reported concentrations of UO2 in monazite-(Ce) from granitic rocks 

rarely exceed 1 wt% (Cuney, Friedrich 1987) similar to those studied here (from 0.33 

to 1.02 wt.%). Th/U ratio range from 5.9 to 18.6. Such values of UO2  and ThO2 are 

characteristic for primary monazites (Bea 1996). Secondary monazites have very 

low Th and U contents, and often high Y contents. Y concentrations observed at 

Jawornickie granitoids are of the same order (from 1.12 to 1.91 wt% Y2O3) as those 

reported for monazite from common granitic rocks. 

Concentration of Ce2O3 ranging from 24.76 to 30.04 wt.%. Ce/La and Ce/Nd 

ratios are grater than 1.8 and 2.7 respectively. Following the proposal of the IMA in 

distinguishing the members monazite-(La), monazite-(Ce) and monazite-(Nd) 

monazites from the Jawornickie granitoids are monazite-(Ce). 

Concentration of Nd2O3 ranging from 8.7 to 10.6 wt.%, which is typical for 

monazites from granitic rocks, is generally accompanied by enhanced contents of 

Sm2O3 up to 1.93 wt.%. 
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Considering the number of atoms p.f.u., the following order of REE abundances 

emerges: CeŸ La Ÿ Nd ŸGd ŸPr Ÿ Sm Ÿ Er ŸHo Ÿ Tb ŸYb. 
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Fig.2. Chemical variations of investigated monazites: a) a plot of formula proportions Si+Ca 

vs. Th+U calculated on the basis of 4 O atoms; b) a plot of formula proportions REE+Y+P 

vs. Th+U+Si calculated on the basis of 4 O atoms; c) chondrite-normalized REE plots of 

analyzed monazites and their host rocks (normalized values are from Boynton, 1984). 

 

Compositional variations of the analyzed monazites can be described in terms of 

the substitutions of the isostructural end-members brabantite, huttonite and 

monazite, and hypothetical tetragonal end-member xenotime. The influence of these 

substitutions on the compositional variations of the monazites is illustrated in a 

Si+Ca vs. Th+U diagram (Fig.2a), which shows that most analyses follow the linear 

trend defined by the huttonite [(Th,U)SiREE-1P-1] and brabantite [Ca(Th,U)REE-2] 

exchange. In the (Th+U+Si) vs. (REE+Y+P) monazite analyses plot almost perfectly 

along the vector representing huttonite substitution (Fig. 2b). 

Chondrite normalized REE concentrations are fairly homogenous (Fig. 2c) which 

suggests that monazite growth was a single-stage process which took place under 

constant conditions. A positive anomaly of Gd can be explained as a consequence of 

huttonite substitution.  Fºrster et al. (2000) the predominance of Gd in chondrite-

normalized patterns of huttonite explained in terms of charge and ionic radius of 

substituting elements. 
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CONCLUSIONS 

Monazites from the Jawornickie granitoids are primary, magmatic monazite-

(Ce). They do not show any evidence of inherited component. The chemical 

composition of monazites from Jawornickie granitoids can be described by simple 

substitutions, since all analyses plot uniformly along the same exchange vector. This 

indicates monazite formation during a single stage and probably at constant P-T-

Xfluid conditions. 

. 
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ORIGIN OF OCELLAR TEXTURE IN MAFIC INTRUSIVE ROCK  

FROM THE MARGIN OF THE EAST EUROPEAN PLATFORM  

 
Abstract: Unusual ocellar texture from a compound diabasic-basaltic dyke from the margin 

of the East European Platform is described. It is concluded that ocelli are of several different 

types that formed by different processes, such as magma mingling, segregation of late-stage 

melts and hydrothermal filling of vesicles. 

Keywords: ocelli, alkali diabase, mafic dyke, Teisseyre-Tornquist Zone 

 

INTRODUCTION 

Ocelli are spherical or ellipsoidal felsic bodies, up to a few millimetres in 

diameter, that occur in some mafic rocks, such as lamprophyres or alkali basalts. 

They have been usually interpreted as globules of one immiscible liquid in the other 

(e.g. Philpotts 1976; Vichi et al. 2005), however, their origin from late stage 

segregation melts (e.g. Foley 1984) or even hydrothermal fluids filling vesicles 

(Azbej et al. 2006) has also been considered.  

A set of mafic dykes was recognized in the 

subsurface of Western Pomerania, at the margin 

of the East European Platform  

(e.g. MuszyŒski, Protas 2004). All the dykes 

exhibit similar chemical composition 

corresponding to alkali basalts, but differ in 

texture. A characteristic feature of one of the 

dykes, classified as a diabase (MuszyŒski, 

Protas 2004), is the presence of small spherical 

structures. The aim of the present contribution 

is to describe the spherical bodies and briefly 

discuss their magmatic vs. hydrothermal origin.  

The study is based on macro- and 

microscopic observations, and on results from 

an electron microprobe. In the latter case, 

measurements were performed on five rock samples using the Cameca SX 100 

electron microprobe in the Inter-Institution Laboratory of Microanalysis, Warsaw 

University.  

 
1 Institute of Geology, University of PoznaŒ, Mak·w Polnych 16, PL-61-606 PoznaŒ 

Fig. 1. Location of Biesiekierz-2 

borehole on the background of main 

geological units in Poland. 
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Fig. 2. Examples of ñocellarò texture in mafic dyke from Western Pomerania. A ð BSE 

image of ocellus composed of two distinct zones: inner chlorite and outer multi-mineral fine 

grained zone; B ð Photomicrograph of globule with carbonate (-quartz) core and alkali 

feldspar rim; C ð BSE image of spherical microstructure composed of alkali feldpar with 

patches of chlorite and carbonates. Ilmenite and plagioclase crystals are arranged tangentially 

around the structure; D ð Photomicrograph of carbonate spherical microstructure with minor 

chlorite and small quartz spheres; E ð BSE image of carbonate sphere; light colour ï 

magnesian siderite, dull colour ï ankerite; F ð Irregular-shape amygdale filled with chlorite 

(1), barite (2) and dolomite (3). 

 
PETROGRAPHY 

The Biesiekierz dyke was drilled by the Piğa Petroleum Company at the depth of 

3280-3300 m (Fig. 1). It cross-cuts Upper Devonian limestones. Generally, the dyke 
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is composed of two parts which differ in texture. An eight-meter thick (apparent 

thickness) inner zone consists of a basaltic rock with porphyritic, intersertal, and 

amygdaloidal textures. Outer zones, of which the upper one is 9 m thick and only 4 

m of the lower one was pierced, exhibit a subophytic texture, i.e. they consist of a 

diabase. Both rock types differ also in chemical composition: the basaltic rock 

contains more iron and magnesium, and less silica and alkalis in comparison to the 

diabase (average content of Fe2O3 (tot): 17.9 wt.% and 15.1 wt.%, respectively, MgO: 

9.1% and 5.2%, (Na2O+K2O): 3.3% and 4.3%, SiO2: 41.5% and 44.0%, LOI free 

basis). Chemically, the basalt is of subalkaline type and the diabase is an alkaline 

variety. 

The diabase consists of plagioclase laths (andesine and labradorite), diopside 

relics, ilmenite, apatite, biotite and alkali feldspar. The latter fulfils interstices and 

amounts to 15 vol.% of the rock. Secondary minerals include abundant chlorite and 

calcite. The basaltic rock is more altered, phenocrysts of plagioclase and mafic 

minerals are replaced by albite, chlorite, calcite, quartz and K-feldspar. The 

groundmass is brown in colour and contains tiny crystals of chlorite, albite, anatase, 

K-feldspar, quartz, and needles of apatite. 

Contact between both rock types is sharp; a distinct feature of the contact zone is 

the presence of several millimetre-centimetre sized fragments of the basaltic rock in 

the diabase. This suggests that the dyke was formed in at least two intrusive pulses, 

and the subsequent magma of higher temperature and density was delivered before 

the earlier magma was completely crystallized and cooled.  

Ocelli-like microstructures occur in the diabase and are of several types. All of 

them have a sharp contact with the groundmass.  

(1) 2-3 mm ovoid bodies composed of two distinct zones, a core filled with 

chlorite and a very fine grained multi-mineral rim (Fig. 2A). The rim consists of a 

mixture of chlorite, albite, anatase, K-feldspar, quartz, apatite and zircon. The 

average crystal size equals 10-20 mm. Apatite needles are of similar shape and 

composition as in the groundmass. This type of ocelli occur 10-30 cm below the 

contact zone with the basaltic rock. 

(2) 2-3 mm globules composed of a spherical core and alkali feldspar rim (Fig. 

2B) or 2-3 mm spherical structures filled largely with alkali feldspars (Fig. 2C). The 

compositional range of alkali feldspars in the ocelli and in the groundmass is almost 

identical (Fig. 3).  

(3) 2-3 mm spheres filled with carbonate minerals (magnesian siderite or ankerite, 

or both, Fig. 2E), or spherical bodies with a complex microstructure with chlorite, 

carbonates, 10 mm silica spheres (Fig. 2D).  

Plagioclase laths, ilmenite needles and chlorite flakes are arranged tangentially 

around the (2) and (3) structures.  

In addition, the basaltic rock contains abundant spherical to irregular amygdales. 

The amygdale sizes vary from 0.05 to 1 mm. An upward size increase toward  the 

top  can  be  observed  in  many  hand-specimens.  The  amygdales  are  
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filled with chlorite, or with chlorite and calcite. Rarely, there are more minerals 

formed in subsequent episodes (e.g. chlorite, barite, dolomite ï Fig. 2F).  

 

PRELIMINARY CONCLUSIONS 

Several lines of evidence suggest that the spherical microstructures observed in 

the diabase formed by several different processes. 

The type (1) ocelli are an effect of magma mingling, i.e. the ocelli are solidified 

droplets of a basaltic magma in a diabasic one. This conclusion is supported by their 

limited occurrence below the contact zone and the textural and compositional 

similarity between the ocelli rim and the basalt groundmass. The chlorite core 

represents a former gas bubble and suggests that the basaltic magma was fluid-rich. 

The type (2) ocelli formed as a result of segregation of a late-stage melt into 

vesicles which is shown by the similar compositional range of alkali feldspars in the 

spherical microstructures and the diabase groundmass.  

The type (3) spherical microstructures probably represent hydrothermally filled 

vesicles. Common tangential arrangement of crystals around these structures points 

to bubble expansion with decreasing pressure.  
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Fig. 3. Compositional range of 

feldspars in ocelli and in the 

diabase groundmass. Alkali 

feldspars filling ocelli (1-3) are 

almost identical in composition 

to late-stage feldspars from the 

host rock (6-7). 
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SERPENTINITE STRUCTURES FROM THE EASTERN PART OF THE 

GOGOĞčW-JORDANčW SERPENTINITE MASSIF AS A KEY TO 

PETROARCHAEOLOGICAL ANALYSIS OF NEOLITHIC STONE TOOLS 

 
Abstract:  Results of comperative study of serpentinite structures from eastern part of the 

Gogoğ·w-Jordan·w serpentinite massif (the ślňŨa ophiolite) and from neolithic artifacts are 

presented. Partly pseudomorphic structures with numerous bastites in lepidoblastic antigorite 

background that prevail in analysed serpentinite stone tools are typical for the area of the 

investigation. However, the presence of  mesh structure with good preserved relics of primary 

minerals sugests, that some artifacts must have come from other sources. 

Keywords: serpentinite, ślňŨa ophiolite,  petroarchaeology, the Neolithic, stone tool 

 

INTRODUCTION 

The Neolithic (also called the Younger Stone Age), lasting on the Lower Silesia 

approximately since 5500 till 2000 B.C., brought dissemination of permanent 

settlement, rise of farming and caused a brilliant development of material culture. 

Significant progress in neolithic stone tools manufacturing is manifested not only in 

careful forming and polishing of their surfaces but also in widespread using, apart 

from flint, other stone raw-materials.  

Serpentinite was in Lower Silesia, especially in the late Neolithic, the most 

popular local raw material for production of various polished stone tools. Hitherto 

petrographic analysis and archaeological investigations suggest that the most 

important source of this rock was located in the Gogoğ·w-Jordan·w Serpentinite 

Masiff (GJSM). 

The GJSM is a large ultramafic body, situated in the northern margin of the G·ry 

Sowie Gneissic Block, composed of serpentinized mantle tectonites and ultramafic 

cumulates. These rocks were described by Majerowicz (1979) as the lowest member 

of  the larger ophiolitic sequence (the ślňŨa ophiolite). Together with similar, smaller 

outcrops of serpentinites (the Szklary Massif and the Grochowa-Braszowice Masiff) 

the GJSM is a part of the Central Sudetic Ophiolite.  

The aim of this study is petrographic characteristic of serpentinite structures from 

the E part of GJSM and their comparison with structures observed in serpentinites 

from Neolithic artifacts.    
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SERPENTINITE AS A RAW MATERIAL FOR PRODUCTION OF 

NEOLITHIC STONE TOOLS 

Serpentinite is the most popular raw-material in the colection of 670 stone tools 

from the Lower Silesia. About 100 artifacts (18,5 % of the assemblage) was made of 

this rock. Interestingly, 3,3% of artifacts in the collection was produced of nephrite, 

which occurs together within serpentinite in the vicinity of the Jordan·w ślŃski  

village (the E part of  the GJSM) (Cholewa 2004). 

Such widespread use of ultramafic rocks was relevant to their suitable technical 

properties: high specific gravity, substantial compactivity and low porousity. This 

advantages, in conjunction with good decorative peculiarities, caused the great 

popularity of serpentinite. Neolithic tool-makers preferred dense, unweathered, fine-

blastic varieties of this rock. This sort of raw-material in the eastern part of the GJSM 

is widely exposed near the surface. It forms several, isolated outcrops on flat hills. 

Thus serpentinite could be easily found and exploited there by Neolithic people. 

(Cholewa 2004) 

Petrographic analysis of serpentinite stone tools performed by Majerowicz et al. 

(2000) indicates that the main primary source of the raw-material was the GJSM. 

This results was supported by measurements of magnetic suscebility of serpentinites 

from artifacts (Prichystal & Gunia 2001). Furthermore, this conclusions are 

confirmed by results of archaeological excavation of Wojciechowski (1983), who 

described the Neolithic open pit-mine of serpentinite, situated on JaŒska G·ra ï hill 

in the eastern part of the GJSM. 

 

PETROGRAPHY 

Several tens of serpentinite samples were taken from archaeological excavation 

area situated on the JaŒska G·ra hill (old Neolithic mine) as well as  from four 

abandoned quarries of serpentinites near Jordan·w ślŃski, Glinica, Piotr·wek and 

Trzebnik. For describing of petrographic features of serpentinites clasification of 

Wicks and Whittaker (1977) has been applied. 

Investigated ultrabasites are aphanitic and exhibit massive texture. 

Macroscopically rocks from the eastern part of the GJSM show different tints of 

green, from pale yellow-green (Piotr·wek) to deep green variety called ñviper stoneò 

(polish name: ñŨmijowiecò - Jordan·w ślŃski), brownish or grey to nearly black in 

some varieties (Jordan·w ślŃski). Serpentinites from Trzebnik quarry are generally 

olive-green and olive-beige. In all described outcrops serpentinites display small 

(usually up to 1 mm), scattered grains or thin veins of opaque minerals and 

differently coloured spots and patches usually occurs. Serpentinite from Janska G·ra 

hill are characterized by presence of numerous parallel, thin (up to 3 mm) grey veins.  

Under microscope serpentinites reveal lepidoblastic flame-structure (sensu 

Wicks and Whittaker 1977), usually partly pseudomorphic ï with numerous bastites 

scattered in homogenuous antigorite background. Bastites are pseudomorphs of 

serpentine after primary minerals: commonly pyroxenes and rather seldom olivines. 

Opaque minerals, are represented mainly by magnetite, which forms scattered grains 

or (especially in serpentinites from Jordan·w ślŃski) replaces poligonal outlines of 

primary minerals. Magnetite forms also greater, irregular aggregates of opaque 

grains inside bastites or imitate cleavage in pseudomorphs after primary pyroxenes. 
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Short and thin (below 1mm) veins of talc and carbonates also not uncommonly 

occure in antigorite background or inside bastites. 

Few better preserved grey, hypidiomorphic relics of diallag with characteristic 

cleavage were ascertained only in one sample from Trzebnik quarry. Completely 

nonpseudomorphic structure, that indicates advanced serpentinization and intensive 

recrystalization of serpentine minerals, was observed solely in several samples from 

Jordan·w ślŃski quarry. In serpentinites from the JaŒska G·ra hill, in addition to 

typical partly pseudomorphic structure, numerous, parallel, slightly folded, 

discontinuous chrisotile and carbonate veins were observed. They often display red-

brownish colour caused by little amounts of dispersed Fe-hydroxides and contain 

also numerous irregular opaque minerals aggregates with some translucent,  russet 

grains of chromite. Few, small, flaky aggregates of chlorite were also observed in 

serpentinites from this outcrop. 

Macroscopically serpentinites from Neolithic artifacts display similar various 

tints of green or grey with scattered spots and dark grains of opaque minerals. They 

are aphanitic and usually exhibit massive texture. Oriented textures manifested by 

thin parallel veins or colour differentiation are uncommon. Surfaces of the stone 

tools are usually covered with thin layer of brown patina. 

In thin sections two main structures can be observed in studied serpentinites from 

the artifacts: partly pseudomorphic structure with numerous scattered bastites in the 

predominant antigorite background and lepido-nematoblastic mesh structure with 

good preserved relics of primary minerals ï mainly pyroxenes but also olivines and 

amphiboles.  

Serpentinites with partly pseudomorphic and uncommon completely 

nonpseudomorphic structures are very similar to described rocks from the eastern 

part of the GJSM. Additionaly veined structures ï very resembling to those observed 

in the serpentinite from the JaŒska G·ra hill - were ascertined in several cases. 

Serpentinites with numerous good preserved relics of primary minerals are 

significantly different from  ultrabasites from the area of the investigation. 

 

CONCLUDING REMARKS 

Presented results confirm the thesis that the E part of the GJSM was in the 

Neolithic very important source of ultramafic rocks used for stone tool production. 

Observed in many serpentinite artifacts partly pseudomorphic, nonpseudomorphic 

and veined structures with predominant lepidoblastic antigorite background are 

typical for the area of the investigation. Especially the Janska Gora hill and the 

nearest vicinity of the Jordan·w ślŃski village (the Kamienny Grzbiet hills) seem to 

be very probable areas of exploatation. 

Serpentinite with significant amounts of good preserved relics of primary 

minerals and mesh structure may come from the central part of the GJSM, where 

ultrmafic rocks are less serpentinized then in the E part of the unit. However the 

provenance from one of the other Lower Silesian ultramafic massifs cannot be 

excluded. 

Accurate and certain identification of sources where raw materials for production 

of individual artifacts were obtained is very difficult. However future investigations 
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of serpentinite structures from the GJSM and similar units, combined with 

comperative studies may support further regional specifications.  
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INCREASED PRECISION IN MICROPROBE MONAZITE 

GEOCHRONOLOGY: IMPLICATIONS FOR EVOLUTION OF THE 

CRYSTALLINE ROCKS FROM THE SILESIAN RIDGE  

(WESTERN OUTER CARPATHIANS, POLAND) 

 
Abstract: Total U-Th-Pb geochronology of monazite by electron probe microanalysis was 

used to study three metamorphic rock cobbles from ca. 60 Ma flysch rocks in the Silesian 

Unit. These cobbles were derived from the Silesian ridge, one of the source areas that 

supplied Carpathian basins with clastic material. Microtextural observations suggest that 

some monazite grew during igneous crystallisation and others grew during subsequent 

metamorphism and hydrothermal alteration. The age of these grains was determined to be ca. 

592 Ma in gneiss from Gr·dek and ca. 370 Ma in gneiss from Izdebnik and granulite from 

Siekierczyna. Reaction textures involving growth of monazite during metamorphism in the 

latter two samples were constrained to ca. 336-315 Ma. 

Keywords: monazite, gneiss, granulite, provenance, Silesian ridge, Western Outer 

Carpathians, Poland 

 

INTRODUCTION 

Monazite, a rare earth element orthophosphate, commonly occurs in gneiss and 

granulite cobbles from the Upper Istebna Beds (Silesian Unit, Western Outer 

Carpathians, southern Poland). These cobbles are considered to have been derived 

from the Silesian ridge, one of the internal source areas that supplied Carpathian 

basins with clastic material (Oszczypko 2006). These source areas are no longer 

exposed because of erosion in the Tertiary period followed by overthrusting of the 

Carpathian nappes. Therefore, studying the clastic material is the only way to 

improve knowledge of its geological structure and evolution. This methodological 

study provides increased precision on the age of important events during the 

evolution of some crystalline rocks from the Silesian ridge compared to previous 

results (e.g. Budzyn et al. 2006).  

 

METHODOLOGY 

Preliminary observations of microstructures and semi-quantitative analyses of 

polished thin sections were performed using a HITACHI S-4700 field emission 

scanning electron microscope (FESEM) equipped with a NORAN Vantage energy 

dispersive spectrometer (EDS) at the Institute of Geological Sciences of the 

Jagiellonian University in Krak·w, Poland. 
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All Electron Microprobe analyses were performed at the University of 

Massachusetts Amherst. X-ray maps were collected on the Cameca SX-50 operating 

in wave-length dispersive mode with 4 crystal spectrometers using a focused beam 

(~2-3Õm spot size) with an accelerating voltage of 15kV, a 200nA beam current, 

100ms dwell times, and 0.3-0.8ɛm steps. In situ quantitative analyses were made 

using the Cameca Ultrachron which is specially adapted for trace element analysis 

(Jercinovic, Williams 2005). Polished thin sections coated with an aluminum and 

carbon to reduce beam-damage effects during point analyses (cf. Jercinovic, 

Williams 2005; Williams et al. 2007) were studied using a focused beam (~1Õm spot 

size) with a 15kV accelerating voltage and a 200nA beam current. 

 

MONAZITE CHRONOLOGY 

An analytical strategy based on in situ mapping (Williams and Jercinovic 2002) 

was used in this study. Grains were selected for analysis on the basis of FESEM 

microstructural observations and mapped for Y, Th, U and Ca to distinguish 

compositional domains prior to in situ analysis (Fig. 1). For each compositional 

domain identified in a monazite grain, wavelength scans of the Th, U, and Pb regions 

of the X-ray spectra were collected. Background intensities for each compositional 

domain were determined by regression with BKGII software  

(M. Williams personal communication) so as to minimise the effects of background 

curvature and background interferences caused by high-order REE  

X-ray lines. Individual spot analyses specific to each compositional domain were 

collected in a tight cluster around the background point (Fig. 1). An age and error 

for each domain were calculated using the DATCON III program (M. Williams 

personal communication). 

 

ANALYZED SAMPLES 

One gneiss cobble from Izdebnik (sample IZD5), and a granulite cobble from 

Siekierczyna (sample SE2) studied by Budzyn et al. (2006) using the methodology 

of Montel et al. (1996), and a previously unstudied gneiss cobble from Gr·dek 

(sample JR20A) are described in this contribution. 

 

RESULTS AND DISCUSSION 

Monazite in gneiss from Gr·dek (sample JR20A) exhibits concentric growth 

zoning interpreted to be related to igneous crystallization of the protolith. Monazite 

cores and rims yield a statistically identical age of 592Ñ20 Ma.  

A monazite inclusion in garnet from the granulite (sample SE2) yielded ages of 

372Ñ5 Ma for core and 336Ñ5 Ma for rim (Fig. 1). Monazite core ages are interpreted 

to be related to primary crystallization in the granite protolith. From the relatively 

lower Y content in the monazite rim and its younger age, the monazite rim is 

interpreted to have grown during, or shortly after the crystallization of garnet and 

therefore dates the age of amphibolite- to granulite-facies metamorphism. Matrix 

monazite gives ages of ca. 315 Ma and most likely reflects the age of peak granulite-

facies metamorphism (cf. Budzyn et al. 2006). 
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Fig. 1. Monazite inclusion in garnet from granulite (sample SE2). Left image ï Th MŬ  

X-ray map. Black squares on the sketch represent background collection points, and circles 

ï quantitative analysis points. Analyses were obtained from two homogenous domains in 

core and rim. The highest Th domain was not analyzed because of its small size. Right image 

ï normal distribution curves summarizing EMP ages for both domains in monazite grain. 

Zonation in monazite is interpreted as an igneous core overgrown by the metamorphic rim. 

 

Monazite ages of 368Ñ12 Ma and 333Ñ8 Ma were obtained from monazite grains 

in gneiss from Izdebnik. The older age was determined in a ca. 180 ɛm monazite 

grain, and in a second monazite core with a younger rim. Two other grains (monazite 

intergrown with apatite and matrix monazite) display only younger ages of 333Ñ8 

Ma.  

 

CONCLUSIONS 

Monazite geochronology in metamorphic rock cobbles was significantly 

improved compared to a previous study (Budzyn et al. 2006). The methodology used 

in that study involved the collection of large datasets that were then subdivided 

according to user defined limits. Application of the CHIME method would also be 

unsuitable because although better suited to studying grains with a wide 

compositional variation, it is dependence on all compositional domains and grains 

being of one age. Moreover, the inconsistent analytical procedures and absence of 

reproducibility in the previous dataset arising from factors such as incorrect 

measurement of background intensities, as well as the failure to take into 

consideration the complex compositional zonation of monazite grains, give the new 

results greater reliability.  

The results indicate two periods of monazite crystallization in the granitic 

protoliths, at ca. 592 Ma and ca. 370 Ma. Metamorphism in the Silesian ridge was 

constrained to ca. 336-315 Ma. These results are consistent with previously reported 

results, but they are significantly more tightly constrained (e.g. Budzyn et al. 2006; 

Poprawa et al. 2005). The increased precision obtained in this study is the result of 

treating each compositional domain as a unique Chrono-Chemical system that must 

be analytically investigated in isolation by multi-point analyses, providing a single 

age and uncertainty for those domains. 
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U-Pb ZIRCON AGE OF LEUCOGRANITE FORMATION 

IN THE CRYSTALLINE BASEMENT OF THE WESTERN TATRA MTS. 

 
Abstract: U-Pb  LA-MC-ICP-MS geochronological analyses of zircons from leucogranites 

within the Western Tatra crystalline complex establish crystallization ages of 359.2°1.4 Ma 

(2 sigma). It implies that leucogranite bodies and dated earlier migmatitic leucosomes present 

in the metamorphic basement reflect the same stage of partial melting, that occurred during 

shearing and overthrusting related to the Upper Devonian/Lower Carboniferous continent-

continent collision. The local occurrence of inherited, neo-Proterozoic magmatic zircon cores 

indicate the presence of a magmatic component (orthogneiss?) in the melted source.  

Keywords: LA-MC-ICP-MS, zircon, leucogranites, Western Tatra Mts. 

 

INTRODUCTION 

Crystalline basement of the Western Tatra Mts. is formed by polygenetic 

granitoid intrusion and its metamorphic envelope. The metamorphic envelope is cut 

by two types of granites: older granite (at present orthogneiss - 405 Ma) and younger 

granite (350-360 Ma, Poller et al. 2000). The metamorphic complex is composed of 

two superimposed units, differing in petrographical and chemical character, P-T 

conditions of metamorphism and tectonic deformations (Kohut, Janak 1994; 

Gawňda, Burda 2004). In the shear zone dividing both units and in close association 

with migmatitic rocks from the upper unit small intrusions of leucogranites are 

present (Gawňda 2001).  

The P-T conditions of both migmatites and leucogranite portions generation are  

P = 7.5 ï 10 kbar and T = 690-800oC (Burda, Gawňda 1999, Gawňda, Burda 2004). 

Trace element modelling showed that leucogranites are 20-30% partial melts, 

squeezed from the surrounding metapelitic rocks during collision of tectonic 

microplates (Gawňda 2001). The investigations carried out in the last time  revealed 

the age of migmatization in the Upper  Unit complex around 360 Ma (Burda 2007). 

The aim of this paper is to establish the age of leucogranite melt formation using 

LA-MC-ICP-MS UïPb zircon dating and cathodoluminescence (CL) image analysis 

and to compare them with the age of migmatization process.  

 

SAMPLE DESCRIPTION  

A sample of medium-grained leucogranite from OrnaczaŒski ŧleb was taken for 

the analyses. This rock is composed of K-feldspar (Or99-95 Ab1-5), oligoclase-albite 

(An14-19 to An4-9), quartz, with minor garnet, muscovite, biotite (fm = 0.58-0.66), 

monazite, and sporadically found zircon and apatite crystals. Leucogranite shows 
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SiO2 content 74% wt. and high A/CNK value (1.4) with K2O ² Na2O, typical for 

peraluminous melts. Oriented fabric due to magmatic flow is a typical feature of the 

investigated leucogranite. Mineralogy and the geochemical characteristics of the 

leucogranites in the study area have been discussed by Gawňda (2001) in detail.  

 

METHODS OF INVESTIGATION 

Zircons were separated using standard techniques involving crushing, 

hydrofracturing, washing, Wilfley table, magnetic separator and final handpicking. 

The separation was carried out in the Institute of Geological Sciences, Polish 

Academy of Sciences, Krak·w. Zircon grains were selected for morphological 

studies by scanning electron microscopy (SEM). Then they were mounted in epoxy 

in 2,5 cm-diameter circular grain mounts, polished and imaged by 

cathodoluminescence (CL) using a FET Philips XL 30 electron microscope (15 kV 

and 1 nA) at the University of Silesia, Sosnowiec.  

Zircon 206Pb/238U and 207Pb/206Pb ages were determined using a 193nm solid state 

Nd-YAG laser (NewWave UP193-SS) coupled to a multi-collector ICP-MS (Nu 

Instruments HR) at the University of Vienna. Ablation in a He atmosphere was 

either spot- or raster-wise according to the CL zonation pattern of the zircons. Spot 

analyses were 15-25 Õm in diameter, whereas rastering line widths were 10-15 Õm 

with a rastering speed of 5 Õm/sec. The calculated 206Pb/238U and 207Pb/206Pb 

intercept values were corrected for mass discrimination from analyses of standards 

91500 (Wiedenbeck et al. 1995) and Plesovice (Slama et al. 2006) measured during 

the analytical session. The correction applies regression of standard measurements 

by a quadratic function. A common Pb correction was applied to the final data using 

the apparent 207Pb/206Pb age and the Stacey and Kramers (1975) Pb evolution model. 

The final U/Pb ages were calculated at 2s standard deviation using the Isoplot/Ex 

program - version 3.00 (Ludwig 2003).  

 

RESULTS 

Zircons from leucogranite are mainly euhedral, clear, colourless crystals with 

aspect ratio < 4:1. For most grains, CL images reveal oscillatory zoning (single-

phase crystals) that is characteristic of magmatic growth. One crystal shows an older 

inherited component surrounded by an oscillatory zoned rim (Fig.1).   

The sample studied is exceptionally poor in zircon. The age determination is 

based on five measurements by LA-MC-ICP-MS only. All data points fit within error 

on the concordia. Five single-phase zircons give a concordia age of 359.2Ñ1.4 Ma. 

One inner core was dated at about 590 Ma (Fig. 1 - JBAl04).  
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Fig. 1.  Secondary electron (the left) and cathodoluminescence (the right) images of zircon 

from leucogranite. The lines and point show the approximate locations of laser ablation 

trenches and are not to scale.  

 

 
Fig. 2. Concordia diagram of LA-MC-ICP-MS U-Pb zircon analytical results for 

leucogranite from the Western Tatra Mts.  

 

 

CONCLUSIONS 

According to geochronological data, leucogranite bodies and migmatite 

leucosome (Burda 2007) present in the metamorphic basement, represent the same 

stage of partial melting occurred during thrusting and metamorphic inversion related 

to the Upper Devonian/Lower Carboniferous continent-continent collision around 
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360 Ma. It resulted in the intrusion of the Western Tatra granite (the Younger Granite 

sensu Poller et al. 2000), which emplacement was dated at 350-360 Ma. The local 

presence of inherited, neo-Proterozoic magmatic zircon cores (590 Ma) may indicate 

the presence of a magmatic component (orthogneiss?) in the melted source.  
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LA-MC-ICP-MS U-Pb ZIRCON GEOCHRONOLOGY 

OF THE GORYCZKOWA TYPE GRANITE - TATRA MTS., POLAND 

 
Abstract:  New U-Pb isotopic data obtained by LA-MC-ICP-MS analysis of single-phase 

zircon crystals from the Goryczkowa type granite of the Western Tatra Mts. (Tatric Superunit 

- Central Western Carpathians) yield a concordia age of 356.0Ñ8.4 Ma (2 sigma), which is 

interpreted as the age of magma emplacement. This is consistent with the main magmatic 

event in the Western Tatra Mts. that led to the formation of the Younger Granites (sensu 

Poller et al. 2000). Recycling from a Precambrian continental crust with an age from 

Neoproterozoic (ca. 580 Ma) to Paleoproterozoic (ca.1800 Ma) is indicated by the detection 

of an inherited zircon component in the Goryczkowa type granite. 

Keywords: LA-MC-ICP-MS  U-Pb dating, zircon, granite, Western Tatra Mts. 
 

INTRODUCTION 

The Tatra Mts. are the northernmost part of the Tatric Unit which belongs to the 

Central Western Carpathians. The crystalline basement of the Tatra Mts. is 

dominated by polygenic granitoid intrusions consisting of  a few  petrographical 

varieties, which reflect the following magmatic events (Kohut, Janak 1994; Poller et 

al. 2000): intrusion of the Older Tatra Granite (now present as orthogneisses- dated 

at ca.405 Ma); formation of the Younger Tatra Granite - subduction-related 

granodiorites-tonalites, which intruded the Western Tatra metamorphic complex 

around 350-360 Ma; formation of leucogranites of the same age (360 Ma), resulting 

from partial melting of the metamorphic complex during thrusting and metamorphic 

inversion (Burda 2006, 2007); intrusions of quartz diorites (ca.341 Ma) found as 

small dykes and sills cutting the metamorphic rocks (Poller et al. 2000; Gawňda et 

al. 2005); porphyritic granodiorite and equigranular biotite monzo- to syenogranites 

(ca.314 Ma) and untill recently undated Goryczkowa type granite, restricted to 

northern margins of the crystalline core. Our study provides the first zircon U-Pb 

geochronological results for the Goryczkowa type granite. 
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ANALYTICAL TECHNIQUES 

Whole- rock analyses of major and trace elements were carried out by XRF and 

ICP-MS methods in the ACME Analytical Laboratories, Vancouver, Canada. 

The sample was processed using standard mineral separation techniques. Forty 

grains, 50-250 ɛm in diameter, were mounted with standards in epoxy and polished. 

Cathodoluminescence images (CL) have been used to identify internal structures of 

individual zircon grains using a FET Philips XL 30 electron microscope (15 kV and 

1 nA) at the University of Silesia, Sosnowiec.  

Zircon 206Pb/238U and 207Pb/206Pb ages were determined using a 193nm solid state 

Nd-YAG laser (NewWave UP193-SS) coupled to a multi-collector ICP-MS (Nu 

Instruments HR) at the University of Vienna.  

 Ablation in a He atmosphere was either spot- or raster-wise according to the CL 

zonation pattern of the zircons (Fig. 1). Spot analyses were 15 - 25 Õm in diameter 

whereas line widths for rastering were 10 - 15 Õm with a rastering speed of 5 Õm/sec. 

 

SAMPLE DESCRIPTION  

A representative sample of Goryczkowa type granite was collected from Beskid 

near Kasprowy Wierch. This granite has a porphyritic fabric with pinkish  

K-feldspar up to 2 cm in length. The mineral assemblage mainly consists of perthitic 

K-feldspar, plagioclase (25-28% An), quartz, muscovite and biotite. Accessory 

phases comprise apatite, zircon and monazite.  
Porphyritic granites are peraluminous (A/CNK = 1.6) with silica content around 

73 wt.%, characterized by K2O > Na2O  and  high Rb/Sr ratio = 2.5. The chondrite-

normalized REE diagram show LREE enrichment expressed as (Ce/Yb)N > 5 

and negative Eu anomaly (Eu/Eu* = 0.71). Normative corundum is about 3.8%. 

Porphyritic granites show low Zr and Y content (31 ppm and 6.3 ppm respectively). 

Pearce et al. (1984) diagrams suggest VAG geotectonic regime of analysed granites. 

 

LA-MC-ICP-MS U-Pb RESULTS 

Zircon crystals from the analysed samples (JBB2) are generally euhedral, clear, 

colourless grains with aspect ratios < 4:1. Grain size varies in length from ca. 50 to 

250 mm. In most zircons the [110] prism is better developed than [100], with the 

[101] bipyramid dominating over the [211]. The most characteristic subtypes are S4, 

S3 and S8 (Pupin 1980). CL investigations show that the short- and normal prismatic 

crystals usually exhibit two different domains: an internal part (core) with well-

developed oscillatory zoning indicating an igneous source, surrounded by a younger 

rim with oscillatory zoning also. The long prismatic crystals (single-phase crystals) 

show only the oscillatory zoning (Fig. 1).   

Twelve measurements on nine crystals were made (Fig. 1). All data points are 

concordant within the assigned error (Fig. 2). Nine single-phase zircons with 

oscillatory zoning give a concordia age of 356.0Ñ8.4 Ma (2 sigma). Two from 

inherited cores give an age of ca. 560 Ma and one ca.1800 Ma. 
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Fig. 1. Secondary electron and cathodoluminescence images of representative zircon crystals 

from Goryczkowa type granite. The grey lines and points show the approximate locations of 

laser ablation trenches and spots. 

 

 

  

 
 

Fig. 2. Concordia plots of U-Pb zircon data from Goryczkowa type granite from the Western 

Tatra Mts. 
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CONCLUSIONS 

The analysed rock with high a A/CNK value and normative corundum shows 

typical features of S-type granites (Chappell, White 1974). Based on the presence of 

growth oscillatory zoning from centre to rim in the analysed crystals the concordia 

age of 356.0Ñ8.4 Ma is considered to represent the crystallization age of this granite. 

The presented U-Pb LA-MC-ICP-MS zircon data indicate an Upper 

Devonian/Lower Carboniferous age of the Goryczkowa type granite. It is 

contemporary with the main magmatic event in the Western Tatra Mts.  
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SUITABILITY OF THE CATODOLUMINESCENCE METHOD IN THE 

INVESTIGATION OF HYDROTHERMAL ALTERATION IN GRANITOIDS 

 
Abstract: The inexpensive cathodoluminescence method is applied to the investigation of 

hydrothermally altered granites. Tiny mineral grains, commonly formed in the initial stages 

of alteration, are often overlooked in microscopic examinations. However, many of these 

grains display luminescence and, thus, may be easily identified using CL. With their real 

volume in the rock now known, the mass balance calculated for the whole rock can be 

properly determined. In addition, the degree of granite alteration, and especially the 

alterations to the feldspars, is well seen in CL images. 

Keywords: granitoids, cathodoluminescence method, hydrothermal alteration, Sudetes Mts. 

 

INTRODUCTION 

Granites are affected by hydrothermal alterations towards the end of their cooling 

histories. The degree of alteration mainly depends on the mineralogy, chemical 

composition, the shape and size of the granitic body and its internal structure. 

Hydrothermal fluids, penetrating granite along fractures, microfractures, cavities, 

mineral interstices and cleavage planes, are responsible for the crystallization of 

primary hydrothermal minerals directly from the fluids or for secondary, 

metasomatic, replacements of primary magmatic minerals. The parameters (pH, 

redox potential, ion concentration, temperature, pressure) of the hydrothermal fluids 

are very likely to change in time due to interaction with the penetrated rocks. 

More rigorous microscopic observations indicate that granite alteration can be 

more advanced than it might appear to be at first sight on the basis of standard 

macroscopicy. Ciesielczuk & Janeczek (2004) calculated that at least 20% of the 

Strzelin massif had been influenced by hydrothermal fluids. Thus, the accurate 

recognition of altered zones, and of the initial stages of alteration as indicated by 

extremely small hydrothermal mineral phases, is important. 

On the basis of the occurrence, size and quantity of hydrothermal minerals within 

granite adjacent to a vein, Ciesielczuk & Janeczek (2004) characterised the intensity 

of alteration as weak, moderate and strong. The methods used included petrological 

microscopy, scanning electron microscopy SEM, microprobe analysis and XRD. 

Slightly altered granite differs from unaltered granite in containing plagioclase of 

lower An content, post-biotite chlorite prevailing over biotite, increased Fe/(Fe+Mg) 

in black mica (up from 0.70 to 0.79) and small quantities of minute crystals of new 

hydrothermal minerals. In moderately altered granite, almost no biotite remains,  
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spherulitic chlorite prevails over post-biotite chlorite, the plagioclase is 

oligoclase/albite and Fe/(Fe+Mg) in black mica, at 0.81, is the highest encountered. 

In addition, new hydrothermal minerals are more common and larger in size. 

Strongly altered granite contains no biotite, the plagioclase is albite and 

hydrothermal minerals are abundant.  

The use of catodoluminescence can facilitate the identification of hydrothermal 

minerals as many of them are characteristised by distinctive luminescence colours, 

e.g., calcite (orange), prehnite (yellow), fluorite (bluish). The CL method has been 

used in investigations of granite genesis and metamorphism (Breiter et al. 2002, 

Zachovalova et al. 2002, Reichmann et al. 2003, Sğaby, Gotze 2004). The CL effects 

of rock alteration have been described by Sikorska (2005). 

The aim of the present contribution is to demonstrate how the CL method is useful 

in (1) establishing degrees of granite alteration, (2) estimating volume percentages 

of altered- as against unaltered rock and (3) identifying hydrothermal minerals 

occurring as grains of minute size. Granites from three localities were chosen for 

investigation, namely biotite granite exposed in the Main Quarry of the Strzelin 

granite, altered hornblende-biotite granite present in an 80 m thick shear zone in the 

Bor·w 17 quarry (Strzegom-Sob·tka Massif) and porphyritic granite from the 

Szklarska Porňba Huta quarry in the Karkonosze granite. 
 

METHODS 

Forty-three thin sections (21 from Strzelin, 15 from Bor·w and 7 from 

Karkonosze) were examined using a polarising microscope and CL. 

Cathodoluminescence studies were made at the Polish Geological Institute on a CCL 

8200 mk3 Cambridge Image Technology apparatus linked to an Optiphot 2 NIKON 

polarising microscope. Chemical analyses were made using a scanning microscope 

Philips XL 30 ESEM/TMP with EDS analyses (EDAX type Sapphire) operated by 

Ewa Teper in the Faculty of Earth Sciences, University of Silesia and an electron 

microprobe (Cameca SX-100) operated by Piotr DzierŨanowski and Lidia JeŨak in 

the Faculty of Geology, Warsaw University. 
 

RESULTS AND DISCUSSION 

Prehnite 

Prehnite is easily visible in CL because of the characteristic yellow colour. It occurs 

within altered plagioclase grains and forms veins of varying thickness. CL tints 

indicate at least two episodes of prehnite vein formation but no difference in mineral 

composition was detected. Fluid penetrated active tectonic zones in the granite and 

a later generation of thinner fractures formed during the same episode of 

hydrothermal activity. 

Titanite 

Titanite shows differing CL responses; some grains have an olive CL colour of 

varying intensity and some are non-luminescent. The microprobe analyses indicate 

that the CL colour correlates with relatively high and diversified Al contents and not 

with Fe, Mn, V, Mg contents as was expected. The intensity of the titanite CL colour 
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is probably related to defects within the crystal structure caused by Al3+ substitution 

of Ti4+ and subordinate Si4+. 

Clinozoisite 

Minerals of the clinozoisite-epidote group are non-luminescent. However, 

clinozoisite crystals coexisting with prehnite in hydrothermal veins show a dark 

bluish-grey luminescence mainly in the central parts of grains. These zones contain 

more Fe2O3 (8.16%) than do the non-luminescent parts (4.66% Fe2O3). 

Calcite 

Calcite, as the last hydrothermal mineral, forms tiny, needle-like crystals scattered 

within altered feldspars, monomineralic veins in the cleavage planes of biotite and 

feldspars and polymineralic veins within altered granite. The Cl study revealed two 

generations of calcite - non-luminescent and red-luminescent. Both are chemically 

and microscopically identical.  

Fluorite  

Fluorite occurs on a macro- and microscopic scale in narrow veins within the Bor·w 

granite. CL images supported by chemical analyses reveal the presence of minute 

crystals within the granite also. These add to the Ca content of the bulk rock and 

influence mass balance calculations for the altered rocks. 

Feldspar alteration 

Plagioclase alteration is much better seen in CL- than in standard microscope images. 

The dark altered parts of feldspars contrast with the blue luminescence of unaltered  

K-feldspar and the green luminescence of plagioclase. The intensity of feldspar 

alteration is easy to estimate on CL images. In images from ordinary polarizing 

microscopes images, small relics of fresh feldspar in grains apparently completely 

altered may be easily overlooked.  

 

CONCLUSIONS 

Cathodoluminescence is very useful in the investigation of hydrothermal activity in 

granites. Minute crystals of common hydrothermal minerals, e.g., calcite, fluorite 

and prehnite, easily overlooked among other secondary alteration products under 

a polarizing microscope, are revealed by their characteristic luminescence colours.  

Degrees of feldspar alteration can be established using CL. Variously altered 

granite samples collected from three localities verify this. Samples from Strzelin 

reveal variable degrees of hydrothermal alteration. Samples of the Bor·w granite are 

characterized by uniformly strong alteration. The Karkonosze granite samples 

display only weak alteration. 

The CL investigation outlined here confirms the degrees of alteration established 

by other methods. Thus, in the estimation of levels of alteration and the volumes of 

altered material in granite bodies, and in the more complete identification of 

hydrothermal minerals present and their quantities, the cheap CL method is a 

valuable tool. In conjunction with standard petrological microscopy, and before 

involving the use of more expensive methods, the use of CL is recommended. 
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BIOMARKERS ASSEMBLAGE IN LITHOTYPES  

OF MIOCENE TURčW BROWN COAL (SW POLAND) 
 

Abstract: The molecular composition of biomarkers in Miocene brown coal lithotypes, 

deriving from lower, middle and upper seams, indicate low maturity of coaly material and 

diversity of gymnosperms-angiosperms into their formation. Vertical succession in paleo-

peat development of the middle and upper seams is testified by increased abundance of 

gymnosperm-derived terpenoids. Angiosperm fossil wood is characteristic for lower seam, while 

gymnosperm for middle and upper seams. Fusitic and gelified xylitic coals are the products of 

decay-resistant conifers reworked by bacteria under oxidative conditions, while more anaerobic 

conditions for detritic coal and pyropissite formation are assumed. 

Keywords: Brown coal lithotypes, gymnosperms, angiosperms, biomarkers, GC-MS  

 

INTRODUCTION 

Apart from the coal petrological, palynological and paleobotanical data on coal-

forming environment, more recently biomarker analyses of the coal soluble organic 

matter increasingly contributed to the understanding of the paleoenvironment in the 

mires and provided clues to the botanical input involved in their formation. In 

addition, from organic geochemical studies information about the effects of 

humification, microbial activity and paleoenvironmental changes during coal 

formation have been revealed (Bechtel et al. 2003, 2005, 2007).  

In this paper we present the organic geochemical characterization of the Tertiary 

brown coal lithotypes from the Tur·w deposit, SW Poland.  

 

GEOLOGICAL SETTING 

The Miocene Tur·w brown coal deposit fills a tectonic depression in NE part of 

the ŧytawa trough and includes three brown coal seams: 1 - lower, 2 - middle and 3 

- upper (Bieniewski 1966). Their basement is build of crystalline rocks: granites, 

gneisses and granite-gneisses, which were cut by basaltic intrusion in the central part 

of the deposit during Oligocene-Miocene period. The upper seam cover is composed 

of Quaternary sediments (Raniecka-Bobrowska 1970).  
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MATERIALS AND METHODS 

The brown coal lithotypes: fusitic coal (stain luster, friable, like charcoal, forms 

a thin layers and lenses), xylitic coal (bright to dark brown well preserved fossil 

wood), detritic (earthy) coal (homogenous dark brown, more abundant in lower and 

middle seams) and pyropissite (yellow, waxy like layers. More abundant in lower 

seam) were handpicked in the Tur·w open pit from different localities of each seam. 

Bituminous material of the middle seam, formed at bottom boundary, as well as 

gelified xylitic coal were also collected. Powdered samples were solvent extracted 

(dichloromethane/methanol ï 93/7, v/v), using a Soxhlet system. The n-hexaneï

soluble fractions of the extracts were separated into resinous, aromatic and saturated 

fractions using TLC. The molecular composition of biomarkers contained in the 

aliphatic and aromatic fractions were analysed on biomarker composition by GC-

MS. 
 

RESULTS 

The amount of extractable bitumen is brown coal lithotype dependent and on 

everage it constitutes following percent of the coal lithotype mass: 2.8% of xylitic 

coal, 3.1% of fusitic coal, 8.5% of detritic coal and 10.2% of pyropissite. The 

aliphatic fractions comprise 1.5 ï 4%, while aromatic fractions 1 ï 3% of the bitumen 

mass.  

n-Alkanes and isoprenoids. In the n-alkane chromatographic profiles of all 

brown coal lithotypes the long-chain homoloques (n-C25ï33) with a marked 

predominance of odd-over-even carbon numbered homologues (maximum 

intensities exhibit the n-C29), dominate. They are the main components of higher 

terrestrial plant waxes. The detritic coals exhibit the highest values of the carbon 

preference index (CPI = 4 to 8) as compared to other lithotypes (CPI = 3 to 5). 

Additionally, in the fusitic, gelified xylitic and xylitic coals the bimodal pattern of 

low- (n-C15ï20) and mid-chain (n-C21ï25) n-alkanes (indicators of algae and/or 

microorganisms presence) are recognized in relative proportion 5 ï 15% to the total 

n-alkane concentrations, while their content in detritic coals and pyropissites is 

minor. The long-chained n-alkanes are the diagenetic products of even carbon 

numbered carboxylic acids and alcohols present in leaf and cuticular waxes (Tissot, 

Welte 1984). Considerable concentrations of the carboxylic acids (as methyl esters) 

were found in the gelified xylitic and detritic coals, where long-chain n-alkanes are 

also abundant. However, the pyropissites, in spite of highest concentration of long-

chain n-alkanes, contain rather small amount of carboxylic acids. Moreover, only in 

the detritic coals presence of the methylketones was found, which are absent in other 

lithotypes. 

The pristane over phytane (Pr/Ph) ratio for the investigated brown coal lithotypes 

(except for drtritic coals) is typical of humic coals; its value scatters in the 0.9 ï 1.5 

range. Also for the detritic coals Pr/Ph values are higher and average 3.7, however 

overall concentrations of the Pr and Ph in the detritic materials are very low.  

Terpenoids. All  brown coal lithotypes from the Tur·w deposit contain several 

unidentified C15 mono-unsaturated sesquiterpenoids of the drimane and cadinene types 

in considerable quantities (Fig. 1). The C20 diterpenoids are represented by 16b(H)-
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kaurane, 16a(H)-phyllocladane, abietane, pimarane, isopimarane, fichtelite, ent-

beyrane, norabietane and norisopimarane, where in lithotypes from middle and upper 

seams, particularly in xylitic coals, 16a(H)-phyllocladane predominates by far (Fig. 

1, traces B and C). In all lithotypes from lower seam additional unidentified C18 and 

C19 diterpenoids are present, while relative concentration of 16a(H)-phyllocladane is 

comparable with concentration of other terpenoids (Fig. 1, trace A). The biological 

precursors sesquiterpenoids and diterpenoids are the resins of the coniferales families 

(gymnosperms). Drimane and cadalene type sesquiterpenoids as well as phyllocladane 

type diterpenoids are widespread in species of Podocarpaceae, Araucariaceae and 

Cupressaceae conifers (Noble et al., 1985), while pimarane and isopimarane type 

diterpenoids have been detected in recent species of Pinaceae, Taxodiaceae, 

Araucariaceae and Cupressaceae (Sukh 1989). Non-hopanoid tetra- and pentacyclic 

triterpenoids are represented by the oleanane, olean-13(18)-ene, olean-12-ene, olean-

18-ene, urs-12-ene and des-A-oleanenes and des-A-ursene. The non-hopanoid 

triterpenoids are significant constituents of leaf waxes, wood, roots and bark of 

angiosperm species (Sukh 1989). Particularly high abundances of non-hopanoid 

triterpenoids were found in brown coal lithotypes from lower seam: in xylitic-like coal 

(fossil wood) (Fig. 1, trace A), as well as in detritic coal and pyropissite from this 

seam. The angiosperm wood has rather low preservation potential, therefore 

occurrence of fossil wood, containing biomarkers indicating angiosperm origin, gives 

new light on stability of some angiosperm species. In succession from the bottom seam 

to the top seam composition of the terpenoid biomarkers indicate the increasing 

proportion of gymnosperm-derived biomarkers (sesquiterpenoids and diterpenoids) 

relative to the sum of gymnosperm- plus angiosperm-derived terpenoids (oleanane-

type triterpenoids).  

The microbial oxidative reworking and low maturity of the brown coal lithotypes 

is reflected by the hopanoids pattern, which are characterized by the predominance 

of the 17Ŭ,21ɓ(H)-homohopane-(22R) and 17ɓ,21ɓ(H)-homohopane as well as in 

lower concentration of their C30 counterparts. Other constituents are the C27 and C29 

neohop-13(18)-enes and hop-17(21)-enes, deriving from eukaryotic phyta (e.g., 

ferns, mosses, lichens, fungi) and hopanoid-producing bacteria. Elevated contents of 

C31-homohopanes, reflecting microbial activity under dysoxic conditions during 

peatification (Rohmer and Bisseret 1994), are observed in fusitic coals, advanced 

gelified xylitic coals and most investigated xylitic coals. Much lower concentration 

of C31-homohopanes occur in detritic coals and pyropissites, particularly in these 

lithotypes deriving from the lower brown coal seam, where in some samples the 

discussed triterpenoid compounds are in traces. This implies on more anaerobic 

conditions in the mire during detritic coal and pyropissite formation. 
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Fig. 1. Mass fragmentograms of terpenoid compounds (m/z 123 + 191) in selected brown 

coal lithotypes from theTur·w open pit. 
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Aromatic hydrocarbons. The aromatic sesquiterpenoids are dominated by 

cadalene, with minor amounts of cuparene, 5,6,7,8-tetrahydrocadalene and 

calamenene. The aromatic diterpenoids consist of compounds of the abietane type 

e.g., dehydroabietane, abieta-6,8,11,13-tetraene, simonellite and retene. Partly or 

completely aromatised tetra- and pentacyclic triterpenoids occur as 

tetramethyloctahydrochrysenes, trimethyltetrahydrochrysenes, 24,25-dinoroleana-

1,3,5(10),12-tetraene, 24,25-dinorursa-1,3,5(10),12-tetraene, tetramethyloctahydro-

picenes, trimethyltetrahydropicenes and dimethylpicenes. There is no consistency in 

constitution of the aromatic compounds in relation to coal lithotype, even for given 

lithotype samples deriving from the same seam. For instance, in the fusitic coal from 

northern part of the middle seam aromatic hydrocarbons are characterized by the 

retene domination and absence of simonellite, while in this lithotype from southern 

part of the same seam it reverses, simonellite is abundant while retene was not 

detected. Both these compounds are absent only in some samples of xylitic and 

detritic coals as well as pyropissite, and are present in various proportions in the 

other samples. Perylene predominates in most investigated xylitic coal samples 

deriving from all three seams, and surprisingly, also in the detritic coal from the 

lower seam, where simonellite and retene is lacking. High abundance of the perylene 

in the samples, which also occurs in pyropisite from the lower seam, is accompanied 

by the presence of short chain triaromatic steranes: pregnane, homopregnane, 

bishomopregnane and trishomopregnane in these samples, which are presumed 

products of increased water salinity episodes. Phenenthrene and methylphenantrenes 

fingerprints are similar in all coal lithotypes and reflect low maturity of their organic 

materials. This supports bacterial involvement in the fusitic coal formation.  

 

CONCLUSIONS 

Geochemical data on variation in molecular composition of the aliphatic and 

terpenoid biomarkers (chained hydrocarbons, sesqui- and diterpenoids, oleanane and 

ursane type triterpenoids) imply on the vegetation type changes in the mire due to 

increased contributions of conifers vs. angiosperms to peat-formation in successive 

brown coal seams, allow to asses redox conditions during depositional and 

postdepositional periods as well as low maturity of the brown coal lithotypes. 

The Tur·w brown coal lithotypes from lower seam were formed mainly of the 

angiosperm rich-herbaceous type flora. Most interesting for the lower seam is 

identification angiosperm-related biomarkers in the preserved fossil wood 

fragments.                 

______________________ 
 

Legend to Fig. 1: 1 ï C18 diterpenoid, 2 ï C19 diterpenoid, 3 ï pimarane, 4 - 16a(H)-

phyllocladane, 5 ï 22,29,30-trisnorhopane (Tm), 6 ï olean-13(18)-

ene + olean-12-ene + olean-18-ene, 7 ï hop-17(21)-ene, 8 ï 18a(H)-

oleanane, 9 ï 17a(H),21b(H)-hopane, 10 ï 17a(H),21b(H)-

homohopane-(22R), 11 ï 17b(H),21b(H)-hopane, 12 ï 

17b(H),21b(H)-homohopane-(22R). 
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In contrary, the xylitic coals from the middle and upper seams are the fragments of 

decay resistant gymnosperm wood, as is evidenced by the high relative proportion 

of diterpenoids in their lipids. In the upper seam conifer families become a 

predominant vegetation species in the peat-forming vegetation. Biomarkers in fusitic 

and gelified xylitic coals indicate bacteria were involvemed in the gelification of 

plant tissues and contributed to aromatisation of the terpenoid hydrocarbons.  

Macroscopically distinct thin coaly layers of pyropissite and fusitic, xylitic and 

detritic coals reflect changes in paleoenvironmental conditions during deposition, 

mainly caused by changes in freshwater inflow and level of water table, which 

influenced vegetation type, Eh and pH values, microbial activity controlling the 

extend of sedimentary organic material reworking. 
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PETROLOGY AND GEOCHEMISTRY OF DYKE SWARMS AT WADI ERIER 

CENTRAL EASTERN DESERT, EGYPT: IMPLICATIONS FOR LATE 

NEOPROTEROZOIC CRUSTAL EVOLUTION 

 
Abstract:  The basement rocks at Wadi Erier Central Eastern Desert, Egypt intensely invaded 

by post-orogenic calc-alkaline dyke swarms. They composed of a mafic (basalt, basaltic-

andesite and andesite) and a felsic (dacite and rhyodacite) groups. Although the geochemical 

characteristics for the dykes indicate subduction-related setting, field observations clearly 

support within-plate setting. Major and trace elements geochemistry indicate that the 

investigated mafic and felsic magma types are not related via fractional crystallization. The 

incompatible trace element patterns favor the derivation of the mafic and felsic magmas 

separately from garnet-bearing and garnet-free sources. The mafic and felsic dykes then 

modified by fractional crystallization processes. This implies variable source characteristics 

at the end of the Pan-African in the Central Eastern Desert, Egypt. 

Keywords: Neoproterozoic, Erier dyke swarms, geochemistry, petrogenesis, Egypt 

 

INTRODUCTION 

The basement complex of Egypt ï including the Eastern Desert and Sinai- is part 

of the Arabo-Nubian Shield (ANS) formed during the Neoproterozoic Pan-African 

orogenic event (850-614Ma).The final Pan-African phase of igneous activity is 

characterized by the emplacement of bimodal Dokhan volcanics, high level younger 

granitoids, and numerous mafic to felsic dyke swarms (Stern et al. 1988). 

Chronologically, three episodes of dyke emplacement have been distinguished in the 

Eastern Desert and Sinai: 1) deformed and metamorphosed syn-tectonic dykes (800-

650 Ma), 2) unmetamorphosed post-orogenic dykes (591-459 Ma) and 3) Neogene 

dykes (30-12 Ma) related to the updoming and opening of the Red Sea Rift system. 

The Wadi Erier dyke swarms belong to the second episode i.e. late- to post-orogenic. 

The present study is focused on the petrology and geochemistry of Wadi Erier post-

orogenic dyke swarms. Their geological setting and magma source(s) could place 

new constraints on magmatic-tectonic processes acting during the Late 

Neoproterozoic crustal evolution in Egypt.  

 

GEOLOGICAL SETTING 

The basement rocks at Wadi Erier (24Á 39ӡ N and 35Á 02ӡ E) Central Eastern 

Desert, Egypt are composed of 1) island-arc metagabbro-diorite complex, syn- to 

Post orogenic granitoids cited in the geological map of Egypt (1987). Neogene and 

Quaternary sediments occupy the eastern flank of the basement rocks. Based on field 
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observations the mafic and felsic dykes are contemporaneous, unmetamorphosed 

and occur in closely parallel sets forming swarms. They crosscut all Precambrian 

rock units in the study area, but they are more abundant in the syn- and post-orogenic 

granites. In the study area the mafic dykes are the most abundant and widespread 

than felsic ones. The dykes have prevailing strikes of ENE, NNW and due N. 

 

PETROGRAPHY 

Microscopically, the mafic dykes are composed of basalts and basaltic-andesites 

and andesites. Basalt and basaltic-andesite dykes composed of twinned, occasionally 

zoned plagioclase feldspar (labradorite: An55-60), pyroxene (augite) and hornblende 

illustrating porphyritic and ophitic textures. Minor amounts of chlorite, epidote, 

opaques and apatite are observed. The andesite dykes are texturally similar to 

basaltic dykes, they only differ in the proportion of hornblende and augite and the 

composition of plagioclase. Andesite dykes have more hornblende and relatively 

more sodic (An30-35) plagioclase. 

Felsic dykes are composed mainly of dacite and rhyodacite with pronounced 

porphyritic texture. Microscopically, they are composed of plagioclase feldspar, 

quartz, potassium feldspar with minor hornblende. Biotite, opaques, zircon and 

apatite are encountered in the groundmass matrix. 

 

GEOCHEMISTRY 

Methods 

Major and trace elements were determined by X-ray fluorescence spectrometer 

technique using a Philips PW 2400 instrument at Bergen University, Norway. Rare-

earth elements were determined using Jobin-Y von 70 ICP spectrometer at the Polish 

Institute of Geology, Warsaw. Analytical precision based on duplicate analyses are 

expressed in terms of relative percentages and are found to vary from 1-3% for major 

elements and from 10-15% for trace elements.   

 

Chemical Characteristics 

On the Zr/TiO2 vs SiO2 diagram (Fig. 1a) after Winshester and Floyd (1977), the 

Erier dykes can be divided into mafic group (basalt, basaltic-andesite and andesite), 

and felsic group (dacite and rhyodacite), matching with petrographic classification. 

The calc-alkaline affinity of mafic and felsic dykes can be detected on Fig. 1a. On 

Fig. 1b the mafic and felsic dyke samples illustrate two different trends; i.e. not 

related to each other and produced from different magmas.  

The MORB-normalized diagram for the mafic dykes (Fig. 1c) show a marked 

enrichment in LILEs: Sr, K, Rb, and Ba relative to HFSEs: Zr, Nb, Y,and Ti with a 

negative anomaly for Nb. The felsic dykes illustrate similar pattern to mafic dyke 

but with lower HFSE contents and pronounced depletion of Nb, P and Ti. 

The chondrite-normalized REE-patterns (Sun, 1982) are shown in Fig. 1d. All 

dyke varieties are light-rare earth elements (LREE) enriched over heavy rare-earth 

elements (HREE). The mafic dykes are characterized by parallel moderately 

fractionated patterns (La/Yb)n = 9-10 with slightly negative Eu-anomalies (Eu/Eu* 

= 0.97-0.85).This pattern suggest the presence of residual garnet in the source. The 
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REE pattern for the felsic dykes is characterized by lower contents of HREE, 

a pronounced Eu anomaly (Eu/Eu* = 0.6) and a highly fractionated pattern 

(La/Yb)n= 30; suggest their derivation from a garnet-free source.  

 

DISCUSSION 

Tectonic Setting 

The investigated mafic dykes have the geochemical characteristics of calc-

alkaline basalts emplaced in within-plate setting by using Zr vs. Zr/Y (Fig. 1e). On 

the other hand, the felsic dyke samples plot in the fields of volcanic-arc granite and 

within-plate granite on the Rb vs (Y+Nb) diagram after Pearce (1996, Fig 1f); but  

all samples lie in the field of extensional-related A-type granite. The investigated 

felsic dykes belong to the A2-type according to the classification of Eby (1992). 

 

Magma sources for Erier dyke swarms   

The variation diagram (Fig.1b), MORB (Fig.1c), and REE-patterns (Fig.1d) 

suggest that there are significant geochemical differences between the mafic and 

felsic dykes. This means that two different magma types being produced and 

emplaced at the same time and not related to each other.     

There is no field evidences for the effect of magma mixing in the evolution of the 

investigated mafic dykes. The parallel nature of the normalized REE-patterns with 

increasing abundance of REE with increasing SiO2; suggest that the Erier dyke 

swarms were produced by fractional crystallization. The mafic dykes could be 

generated after melting of an enriched garnet-bearing mantle source, small degrees 

of olivine and clinopyroxene fractionation generated a magma composition similar 

to the calc-alkaline basalt. Different degrees of further fractionation of olivine, 

clinopyroxene, amphibole and zircon led to basaltic-andesite, and andesitic magmas. 

Normalized incompatible trace element abundance diagrams for the felsic dykes 

display patterns strongly modified by fractional crystallization (Fig. 1c). Low 

content of Sr and presence of significant negative P and Ti anomalies; suggest 

crystallization of plagioclase, apatite and Ti-magnetite before emplacement is likely. 

Also, the negative Eu-anomaly indicates plagioclase fractionation. 

The enrichment of the investigated extensional-related dyke swarms in LILEs 

indicate enriched lithospheric mantle source for these rocks and  they were produced 

during the collision of the crust during the Pan-African orogeny in the Arabo-Nubian 

Shield. The investigated mafic and felsic dykes can be related to an intra-continental 

setting and this was accompanied by chemical evolution of the sub-continental 

lithosphere.   
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Fig. 1. The investigated Erier dyke swarms, mafic: æ , and felsic: Ǐ   

a) SiO2 vs. Zr/TiO2 (Winchester and Floyed,1977), b) SiO2 vs. TiO2, c)N-MORB normalized 

trace element patterns (Pearce, 1983), d) Chondrite normalized patterns values after Sun 

(1982), e) Zr vs. Zr/Y, f) Plot of Rb vs. Y+Nb (Pearce, 1996). 
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GEOCHEMISTRY OF ĂMAFIC MICROGRANULAR ENCLAVE ï HOST 

ROCKñ PAIRS FROM GRANITOIDS OF EAST PART OF THE BRNO MASSIF 

 
Abstract:  Thirteen mafic microgranular enclave-host rock (ME-HR) pairs were examined 

microscopically and geochemically. Mutual relation between modal composition of both 

members is apparent, particularly in mafic minerals contents. All ME display SiO2 depletion 

and are enriched by MgO, Fe2O3t, CaO, Cr2O3, NiO and Co, indicating basic and more 

primitive source of ME melt compared to their respective HR. Also, the REE contents are 

elevated in all ME. It seems that the presence of plagioclase xenocrysts in ME, apparently 

cognate spidergram patterns and obvious elements correlations indicate mutual mechanical 

and chemical magma interactions.  

Keywords: the Brno Massif, mafic microgranular enclave, granitoids, geochemistry, 

chemical correlation, magma interaction 

 
INTRODUCTION 

The Brno massif is exposed by the east margin of the Czech Massif as 

a uncovered part of Brunovistulian unit of Cadomian age consolidated during 

Variscian orogenesis. Dark, rounded to lens shape enclaves occur in some varieties 

of granitoid host rocks of the east part of the Brno massif. Based on their macroscopic 

(shapes, dimensions, colors, fine grained and igneous textures, dark Ăchilledñ 

margins) and microscopic features (plagioclase xenocrysts, acicular apatites) they 

appear to be mafic microgranular enclaves. Their origin end evolution is related to 

felsic-mafic magma interaction recently. 

 
METHODS 

Optical microscopy was applied to identify and quantify  mineral phases besides 

of minerals relationship and rock fabrics analysis. To reveal feldspars and 

hornblends microchemistry and for determination some accessory, opaque and 

secondary phases the SEM was use. ACME Analytical Lab. Ltd., Vancouver, 

Canada, performed the whole-rock chemical analysis of the major and trace elements 

as well as REE using ICP-ES and ICP/MS methods.1 
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RESULTS 

The most of ME (mostly bt-hb bearing diorites) occur in more mafic varieties of 

the HR (hb-bt bearing granodiorite to bt-hb bearing tonalite). The HR without 

hornblende lack any ME or sporadically contain very slight and only bt bearing ME. 

Also, these ME usually contain less of the mafic minerals, generally only biotite and 

are free of plagioclase phenocrysts. On the other hand ME in hornblende-rich HR 

show obviously higher content of mafic mineral, hornblende especially. The 

abundance and sizes of ME rise up herewith. 

All ME are basic, based on SiO2 content (48 - 53 wt %) which is less variable 

then in the HR of intermediate to acid composition (53 - 69 wt %). The ME display 

calk-alkaline meta-aluminous character, whereas HR are mostly peraluminous. 

Slightly increased content of Al2O3 in ME is the consequence of higher volume of 

plagioclases in comparison with HR. Markedly enhanced CaO is the effect of large 

plagioclase and hornblende contents. Due to considerable bulk of hornblende in ME 

they display increased MgO and Fe2O3
t too. In addition, the Fe2O3

t content is 

elevated by enhanced opaque phases (magnetite, ilmenite) proportion in ME (see 

Fig. 1). 

Fig. 1. Respective HR normalised contents of major abd trace elements in ME. 

 

K2O and Na2O contents show obvious scatter in both members of ME-HR pairs 

relative to SiO2 nevertheless comparable respectively. Enhanced P2O5 and REE in 

ME is caused by markedly higher apatite volume. Increased TiO2 content in ME is 

probably connected with their higher hornblende proportions. Notable is the HFSE 

(Cr, Ni, Mg, HREE) enrichment in ME as well as broadly parallel primitive mantle 

normalized spidergram both for ME and MG (see Fig. 2). The rocks are LILE (Cs, 

Rb, Ba, U) strongly enriched and exhibit obvious REE enrichment in comparison to 

primitive mantle of Sun and McDonough (1989). Fractionation of HREE is 

somewhat lower for both members of ME-HR pairs. No Eu anomaly was indicated 

in HR in contrast to ME. Both ME and HR resemble with VAG by virtue of Rb 
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relative to Y, Yb and Nb in plots (not shown) of Pearce et al. (1984), though the 

WPG affinity of the ME is apparent. 

 

Fig. 2. Primitive mantle normalised some major, trace and REE elements in ME and HR, 

primitive mantle according Sun and McDonough (1989). 
 

The plots on the Fig. 3 shows chemical correlations between some major 

elements. The most  visible mutual relation indicate Mg/Fe+Mg ratio (corr.coef. = 

0,84). Similar trends hold for most of major elements as well as contents of 

normative quartz, feldspars and total mafic minerals. Negative correlation Al2O3, 

MgO, CaO, TiO2, P2O5 and Fe2O3
t relative to SiO2 is  more evident for HR than for 

ME. Near-linear, positively correlated trends for Fe2O3
t, TiO2, CaO and P2O5 against 

MgO can be observed for HR contrary to ME.  

 
CONCLUSIONS 

Igneous origin of studied ME seems to be unquestioned, considering their purely 

igneous fabrics and complete absence of metamorphic signs. During the coexistence 

of two contrasting melts intensive thermal, mechanical and chemical interactions 

took place resulting into dark Ăchilledñ margins, presence of plagioclase xenocrysts 

and chemical equilibration. Such explanation of origin and evolution was broadly 

accepted recently. The fact of increase of ME volume and their sizes in conjunction 

with decreasing color index of HR suggest supposition of uncompleted mixing and 

mingling. 

 

 

HR

ME
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Fig. 3. Compared bulk chemical compositions of ME-HR pairs and their straight-line 

regressions. Oxide contents in wt.%; Mg, Fe, K and Na as millications/100g of rock. 

 

Positively correlated components of ME-HR pairs, cognate spidergrams and 

similar composition of selected phases are consistent with interdiffusion theory of 

Debon (1991). Rather primitive original composition of ME melt was probable 

substantially changed by absorption of Si, LILE and possibly even H2O from HR 

magma and depleted (in smaller extent) of some small mobile elements (Mg, Fe, Cr, 

Ni). The whole system underwent alkaline metasomathosis, which probably 

intensely equilibrated concentrations of highly mobile K, Na, Rb and Ba.  
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MAFIC MICROGRANULAR ENCLAVES IN THE HIGH TATRA GRANITE ï 

PRELIMINARY REPORT  

 
Abstract:  The mafic microgranular enclaves in the porphyritic variety of High Tatra Granite 

were investigated. Their textures, mineral assemblages and geochemistry could be explained 

in terms of felsic and mafic magmas mixing-mingling processes. The restricted area of MME 

presence is interpreted here as a zone of hybridisation.  

Keywords: mafic microgranular enclaves, mixing-mingling, High Tatra Mts. 

 

INTRODUCTION  

The presence of mafic microgranular enclaves (MME) are thought to be a key 

feature for interpretations the history of granitoid intrusions as they provide the 

information of a role of mafic magma input and hybridization processes in the 

evolution of calc-alkaline granitoid magmatism. The petrographic, geochemical and 

isotopic features of MME are a subject of the debate (i.e. Didier, Barbarin 1991, 

Vernon 2004, Barbarin 2005). As they are usually the products of mixing-mingling 

processes, the specific microstructures are diagnostic (i.e. Hibbard 1991, Vernon 

2004). 

 

SAMPLING & ANALYTICAL TECHNIQUES 

MME in the High Tatra Granite were found and sampled in several localities: in 

the Morskie Oko vicinity, in the Gerlach Ridge and in Kozie Wierchy Ridge (Fig. 

1).  

Microprobe analyses of minerals and selected BSE mineral images were 

conducted on a CAMECA SX-100 electron microprobe in the Inter-Institution 

Laboratory of Microanalysis of Minerals and Synthetic Substances, Warsaw, using 

sets of natural and synthetic standards. Whole-rock analysis of major and trace 

elements was done by XRF and ICP-MS methods in the ACME Analytical 

Laboratories, Vancouver, Canada. For the comparison I used the analyses of 

granitoids and related rocks from the High Tatra Mts. from my own database.   
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Fig. 1. Simplified geological map of the Tatra Mountains (compilation after Kohut, Janak 

1994, Bac-Moszaszwili 1996, Gawňda et al. 2005). 1 ï metamorphic cover, 2 ï alaskites, 3 

ï Rohaļe Granite, 4 ï Goryczkowa Granite, 5 ï porphyritic granite, 6 ï biotite monzogranite, 

7 ï MME samplig points, 8 ï sedimentary cover, 9 ï main faults: a ï identified, b ï 

assumpted.   

 

PETROGRAPHY & GEOCHEMISTRY OF MME 

MME are of different size and morphology: from small (3 x 8 cm), flattened 

black lenses with sharp contact to the granite to irregular portions up to several tens 

of cm in lenght and diffuse contacts to the granite (Fig. 2). MME show the fine-

grained texture (Fig. 3) and are composed of plagioclase showing oscillatory zoning 

(An38-An20), blade-shaped biotite, magnetite-ulvºspinel (locally decomposed to 

ilmenite-hematite integrowths and overgrown by secondary titanite), K-feldspar 

porphyrocrysts showing irregular zonation in respect to Ba (0.02-0.05 Ba a.p.f.u.] 

and rich in Bt inclusions and muscovite. As accessory components the weakly zoned 

apatite (in respect of Y & Fe) and zircon are present. In enclaves with sharp contact 

to the granite the micaceous (biotite-muscovite) rim was developed, conserving the 

fine-grained interior of the enclave, showing almost no secondary alterations.  

The chemical composition of MME is dioritic and strongly peraluminous (ASI 

= 1.335), possibly because of high plagioclase content. However, the presence of 

negative Eu anomaly (Eu/Eu* = 0.721) suggests the plagioclase component 

fractionation, while Ce/Yb = 16.12 points out the moderate REE fractionation, 

similar to that in granitoids (0.547-0.73 ï compare: Gawňda, 2007). High Zr content 

(340 ppm) generates the high Zr-in-the rock temperature (845oC, Watson, Harrison 

1983). The temperature of ulvºspinel exsolutions, calculated according to Spencer 

& Lidsley (1981) procedure are in the similar range (883-900oC).  
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Fig. 2. The irregular MME from Morskie 

Oko vicinity, showing diffuse margins to 

the host granite. Geological hammer as 

a scale. Phot. A.Gawňda. 

 Fig. 3. Microphotograph of the fine-

grained structure of the MME from Mağy 

Kozi Wierch. Notice the presence of Kfs 

with numerous biotite inclusions and one 

quartz xenocrysts.  

 

Granitoids at the contact show the presence of plagioclases with calcic spikes, 

zoned muscovites, locally zoned K-feldspar phenocrysts with numerous mineral 

inclusions (Gawňda 2007). Locally in the host granite near the contact the titanite-

plagioclase-quartz ocella are present. As the presence of Mt-Ilm-Hem-Ulv 

exsolutions are popular in the host granite the temperature calculated according to 

Spencer & Lidsley (1981) procedure was in the range of 679-720oC, while in the 

contact zone with MME the temperature was 808-874oC. Zr and Y contents are 

relatively high (112-206 ppm and 13-23 ppm, respectively) what implies high Zr-in-

the-rock temperature range (775-822oC).  

 

DISCUSSION & CONCLUSIONS  

The following textural features, found in MME and in the surrounding granites 

are thought to be attributable for magma mingling/mixing at both of the outcrop scale 

and at thin-section scale: fine-grained character of MME, blade-shaped biotite, 

presence of zoned K-feldspar phenocrysts with resorbed margins and inclusions of 

biotite, calcic spikes in plagioclases, zoned apatite, titanite-plagioclase-quartz ocella 

in host granites, as well as not decomposed ulvºspinel (Hibbard 1991, Tepper, 

Kuehner 1999, Baxter, Feely 2002). The character of the contacts between MME 

and host granite and the calculated temperatures suggest the hotter, mafic magma 

involvement during the formation of felsic component - porphyritic granite.  

The presence of MME with hybrid features is restricted to the quite narrow, NW-

SE trending belt (Fig. 1). It looks quite possible that this belt marks the hybridisation 

zone in the High Tatra Granite magma.  
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MEGA-XENOLITH FROM THE VELICKA VALLEY (HIGH TATRA MTS., 

WESTERN CARPATHIANS): AN EXAMPLE OF ñEXPLODING ELEPHANTò 

 
Abstract:  The petrographic investigation of mega-xenolith from the Velicka Valley revealed 

several features, suggesting the explosion of the originally heterogeneous xenolith during its 

sinking in the magma. Vapour-producing reactions and accumulation of vapour phase inside 

the xenolith are supposed to be the reason for ñschrapnelò explosion and granite 

contamination around the xenolith.  

Keywords: mega-xenolith, High Tatra Mts, granite, stoping 

 

INTRODUCTION  

The process of xenolith`s stoping in the magma chamber is still a matter of debate, 

since Daly (1903: in Clarke et al. 1998) recognized the blocks of country rocks 

sinking in the magma. Magmatic stoping could be an important mechanism of mass-

transfer inside the magma chamber (Ģak et al. 2006). At present stoped blocks are 

thought not to reflect the original stratigraphy of the granite envelope (ghost 

stratigraphy sensu Pitcher 1997) but provide information about emplace-ment 

mechanisms and indicate the position of the magmatic fabric (Paterson, Miller 1998). 

Stoping should produce a zone of xenoliths accumulation at the bottom of the magma 

chamber, traditionally called ñelephant`s graveyardò (Clarke et al., 1998), in fact not 

observed till now in nature. They are supposed to be disin-tegrated both physically 

and chemically, depending on the temperature difference between the host magma 

and xenoliths. Moreover, the large xenolith blocks should significantly affect the 

thermal balance of the magma (Maury, Didier 1991).  

The crystalline basement of the Tatra Mts. comprises a polygenetic granitoid 

intrusion and a metamorphic envelope that is preserved in the western part of the 

massif (Gawňda 2007a). In the eastern part metamorphic rocks occur only as 

xenoliths of different size, mainly in the so called High Tatra syeno- and 

monzogranites. The object of this study is the mega-xenolith of the Velicka Valley 

(MXVV) cropping out as the almost continuous profile along the touristic path in 

the upper part of the Velicka Valley (Fig. 1, Fig. 1 in Gawňda 2007 b, this volume), 

hosted in porphyritic granite, rich in micro-xenoliths and schlieren. As the variety of 

metamorphic xenoliths in that area is large I stress only to the so called ñlower 

xenolithò, accessible for the observations in the vicinity of ñeternal rainò profile. This 

paper presents the hypothetical fate of the MXVV and its influence on the host 

granite fabric and mineralogy.  
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PETROGRAPHY OF THE XENOLITH 

The total thickness of the MXVV is up to 13 m, while the length is about 180 m. 

It is composed by many petrographical rock-types, including garnet-staurolite 

gneisses, migmatites, schists, calc-silicate rocks and amphibolites, showing the 

common clockwise P-T patterns and ductile deformation in amphibolite facies 

conditions (Janak et al. 1999, Gawňda 2005). U-Pb zircon dating point out the 355-

357 Ma for migmatization event (Poller et al. 1999). The metamorphic foliation 

inside the MXVV is NW to N declined (312/35 ï 350/35 do 20/15), in general 

parallel to the granite flow foliation, underlined by schlieren orientation.  

Xenolith is cut by several sets of dens, concordant and discordant fractures, filled 

by schlieren granite (20 cm to 4 m thick), aplite and micro-pegmatite veins (0.5 cm 

to 20 cm) locally carrying the rock-clasts differing in petrography from the rock 

hosting the vein (Fig. 2). Locally the millimetre-scale subsolidus K-feldspar 

(adular?) - quartz - chlorite veins filled both diagonal and concordant fissures. The 

external contact with the granite at the top of the profile is discordant and sharp with 

leucocratic envelopes, often with micropegmatitic fabric. Approaching the 

terminations the younger, diffuse contacts of xenoliths with granite are observed 

(Fig. 3), while the portions of leucocratic envelopes show still brittle disaggregation.  

 

 

Fig. 1. Photograph of the main part of the 

outcrop of MXVV. Concordant fractures are 

filled by leucogranite melt (white veins), while 

he discordant ones are mostly perpendicular to 

the foliation planes.  

Fig. 3. A fragment of the satellite xenolith 

with decomposition of the metamorphic 

rock by the granite magma. Notice the 

contamination of the granite.  

 

 

Fig. 2. A fragment of the internal gneiss from 

the MXVV , intruded by leucocratic micro-

veins, carrying the clasts of biotite schists. 

Fig. 4. Contaminated granite at the border 

with crushed portions of fine-grained 

gneiss from the upper part of MXVV .  

 

Granite veins as well as the foliated porphyritic granite enveloping the MXVV 

are rich in biotite schlieren, centimetre-scale xenoliths and xenocrysts. Mafic 

varieties of host granites are in fact contaminated by xenocrystic biotite and opaque 
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minerals (Fig. 4). Veins intruding the MXVV show the features of rapid cooling, 

with aplitic and micro-pegmatitic fabric. Schlieren in host granite are oriented 

parallel to the foliation in the MXVV, and ï what is worth to mention ï the biotite 

composition is identical to that in nearby metapelitic part of MXVV (Gawňda in 

preparation). The presence of K-feldspar phenocrysts ranging from 1 to 6 cm in 

length is a typical feature of the granites hosting the MXVV.  

 

DISCUSSION & CONCLUSIONS  

MXVV shows features suggesting both the rapid quenching of the granite magma 

against the xenolith body and the physical decomposition by the flowing magma. 

Such features are usually interpreted as contradictory in terms of thermal regime: 

rapid quenching occurs when the large temperature difference exists, while the 

physical disintegration is typically observed in ñhotò xenoliths, with no important 

temperature difference to the host magma. The other important MXVV feature is the 

fracturing, both concordant and discordant, which are usually attributed to thermal 

stress. The concept of sinking assumes the physical integrity of xenoliths while it 

underwent both the thermal shock and chemical interaction with granite. As the host 

magma may intrude the xenolith only along fractures and cracks the fracturing 

should predate the injections. As the former petrological studies suggest the 

dehydration-melting reactions acting in the metapelitic xenolith after dropping to the 

granite magma (Janak et al. 1999), one can ask about the way of fluid loss from the 

large portion of the metamorphic rocks.  

To understand the history of the MXVV we can assume that fluid released could 

lower the surface energy, mainly along the foliation planes, and promote the crushing 

by fracture propagation and volumetric expansion. That could result in explosion 

and fragmentation of xenolith during sinking (Daly 1933, Clarke et al. 1998). 

Explosion during magma flow could enable the further fragmentation and dispersion 

of small fragments in the host magma. The proposed sequence of events is as 

follows:  

1. granite magma quench against the colder sinking xenolith, producing the almost 

hermetical envelope,  

2. vapour-producing reactions (dehydration) and accumulation of vapour phase 

inside the ñschrapnelò 

3. explosion and disintegration (exfoliation) and further physical decomposition and 

contamination of the host granite.  

Such a hypothetical row of events could enable to understand the high degree of 

fracturing of the MXVV, contamination of the granite growing when approaching 

MXVV in some hundred of meters distance and the presence of large amount of 

small xenoliths and schlieren. The last can be the result of exfoliation and partial 

melting of the external parts of MXVV.  

Clarke et al (1998) proposed that the xenolith`s explosion ñmay explain the 

absence of ñelephantôs graveyardò on the floor of the granitic batholitsò. The internal 

vapour pressure should be high enough to explode the MXVV as the calculated 

degree of metapelitic xenoliths melting ranges from 66 to 80% (Maury, Didier 1991). 

As the MXVV is the biggest and one of the very lowest xenolithic portions in the 
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Tatra Granit, its position, size and structure can be best explained assuming the 

sinking and following explosion on the way down. Additionally, the presence of 

large, K-feldspar phenocrysts (and their zonation patterns) in the host granite can be 

better understand when assuming the fluctuation of water released from ñexploded 

elephantò, which couldnôt manage to reach the floor of the magma chamber.  

In conclusion it should be stated that the large xenoliths influence not only the 

thermal regime and cooling patterns of the granite magma but also the chemical 

composition and fabric of the host granite.  
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CALC-SILICATE ROCKS FROM THE MAL£ KARPATY MTS. &  

THE POVAĢSKħ INOVEC MTS., WESTERN CARPATHIANS, SLOVAKIA:  

A COMPARATIVE STUDY 

 
Abstract:  A comparative study of two calc-silicate rocks from the Western Carpathians Core 

Mountains, formed during intrusions of Variscan granitoid magma, revealed the presence of 

contrasting mineral compositions and textures. These features are the result of different 

formation conditions. The main factors were: the fluid pressure, fluid composition (activity 

of alkalies, water and carbon dioxide) and protoliths composition.  

Keywords: calc-silicate rocks, fluid pressure, Western Carpathians 

 

INTRODUCTION  

Mineral assemblages of calc-silicate rocks are good indicators of CO2 regime and 

metamorphic conditions (P-T) of its origin. Contact metamorphism occurs as a result 

of a high geothermal gradient produced locally around intruding granitoid magma 

and significant chemical exchange (metasomatism), which takes place between the 

magma and the carbonate envelope, rocks. Such metasomatic rocks are referred to 

as skarns. On the other hand, some rock showing no metasomatic alterations and no 

trace zonation, typical of skarns, but influenced by temperature from the intrusion 

are referred as Ca-silicate hornfelses. The study of calc-silicate hornfels (erlans) and 

Ca-skarns has long tradition in the Western Carpathians since the work of Pawlica 

(1918), to more recent paper of Jan§k (1993). The aim of this contribution is to 

compare the formation conditions of calc-silicate rocks from the classical locality ï 

DolinkovskĨ Hill (Mal® Karpaty Mts.) with a newly discovered locality in Hlavinka 

Creek (PovaģskĨ Inovec Mts.).  

 

GEOLOGICAL SETTING 

The Inner Western Carpathians consist of three main crustal-scale superunits 

which are, from north to south: the Tatric, Veporic and Gemeric and several cover-

nappe systems: the Fatric, Hronic and Silica. The basement units together with the 

Mesozoic cover and nappe complexes were tectonically juxtaposed through north-

directed thrusting during the Upper Cretaceous. The crystalline basement rocks 

together with the Mesozoic sediments are formed so called Core Mountains in the 

Tatric Unit. The Mal® Karpaty Mts. and the PovaģskĨ Inovec Mts. are classic 

representatives of the Core Mountains in the western part of Slovakia.  

 

 

_________________________ 
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2 DionĨz Ġt¼r State Geological Institute, Mlynsk§ dol. 1, 817 04 Bratislava, Slovakia 
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SAMPLING & ANALYTICAL TECHNIQUES 

For this study we sampled the following localities: 1) - the classical Harmonia 

quarry under the DolinkovskĨ Hill, with a contact skarn consisting of garnet, 

clinopyroxene, quartz and calcite, with accessory titanite and zircon. 2) - Fine-

grained skarn from Hlavinka Creek forming small layers (up to 15 cm in diameter) 

within metapelitic rocks of the Hlavinka Group, showing visible foliation and 

lamination underlined by differences in mineral composition.  

Microscopic observations using the Olympus BX-60 microscope and BSE 

images with FET Philips XL 30 at 15 kV and 1 nA were carried out at the Faculty 

of Earth Sciences, University of Silesia. Microprobe analyses of minerals and 

selected BSE mineral images were conducted on a CAMECA SX-100 electron 

microprobe in the Inter-Institution Laboratory of Microanalysis of Minerals and 

Synthetic Substances, Warsaw, using sets of natural and synthetic standards.  

 

RESULTS 

Dolinkovsky Hill.  

The Harm·nia Group forms the Devonian metamorphic series that were intruded 

by Hercynian granites 324 ï 320 Ma (Bagdasaryan et al. 1982; Shcherbak et al. 

1988). The metamorphic sequence is composed of interleaving metapelites and 

metapsammites, with intercalations of lenticular limestones and ophiolitic 

metavolcanites (Fig. 1).  

 

 
 

Contact metamorphism in this area is related to the granite intrusion. P-T 

conditions of contact metamorphism in the Modra massif are identical in metapelites 

Fig. 1. A section from 

geological map of the 

Dolinkovsky Hill area 

(MaheŎ & Cambel 

1972). Explanations:  

1) Neogene en block,  

2) Lower Triassic 

quartzites,  

3) Carboniferous 

granitoids,  

4) Devonian 

metacarbonates,  

5) basic metavolcanics, 

6) phyllites  

7) biotite paragneisses, 

8) abandoned quarry ï 

sample locality. 
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and in calc-silicate rocks and point out the temperature range of 590 ï 600 ÁC and 

pressure 150 ï 200 MPa (Korikovsky et al., 1985; Cambel et al., 1989) while fluids 

show XCO2 = 0.05 ï 0. 08. The internal zonation of the calc-silicate rock in question 

was described by Korikovsky et al. (1985) and Cambel et al. (1989). 

The poikiloblastic or skeletal garnet porphyroblasts (up to 1 cm in size) show the 

grossular-rich composition (Gross81And15Al 3 ï Gross63And37). Inclusions in garnet 

are: homogeneous diopside (Wo51En29Fs20), calcite, quartz and titanite. Diopside 

crystals composing matrix outside the garnet porphyroblasts are zoned, with the 

outer part enriched in Fe (Wo51En28Fs21 ï Wo53En24Fs23). In the garnet embayment 

the remnants of the quartz-calcite intergrowths as well as wollastonite needles could 

be observed. The skeletal quartz-grossular-diopside intergrowths, surrounded by 

calcite form the matrix. Calcite grains contain subordinate admixtures of Fe and Mg. 

Elongated titanite inclusions, up to 50 mm in length, are present only in garnet. They 

differ in Al substitution (2.78 - 0.87 wt.%) while Fe content is low and quite constant 

(0.33 - 0.5 wt.%). 

Hlavinka Creek 

The calc-silicate rocks have been discovered recently in the frame of a new 

mapping project of the PovaģskĨ Inovec Mts. in its central part as a component of 

an unusual volcano-sedimentary complex (Koh¼t et al., 2005). The new field and 

petrological study proved that the dominant part of this complex consists of dark 

grey and fine-grained banded metapelites-metapsammites, with local sills of 

amphibolites and the purple-red iron-bearing metaquartzites ï a typical analogue of 

the Lahn-Dill volcano-sedimentary iron ores (Kohut et al., 2006). The presence of 

graphitic metaquartzites and lydites, as well as calc-silicate hornfels (erlans) was also 

stated. The whole complex was named Hlavinka volcano-sedimentary metamorphic 

complex (Koh¼t et al., 2005). The Hercynian metamorphic overprint of this 

Devonian sequence reach to upper part of greenschist facies, respectively lower part 

of amphibolite facies with T = 500 ï 550 ÁC and P = 300 ï 350 MPa.  

Metapelitic sequence was intruded by the Bojna granitoid, dated at 335Ñ5 Ma. 

Lack of modern stratigraphic data from Hlavinka Group is partly supplied by EPM 

dating of uraninite (394 Ñ 2 Ma) and monazite (336 Ñ 18 Ma; Koh¼t et al., 2006). 

The calc-silicate rocks are present as thin intercalations among the metapelites, 

showing no internal zonation, but fine, microscopis-scale lamination (Fig. 2).  
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Fig. 2. A section from geological map (Ivaniļka et al., 2007). Explanations: 1) Neogene en 

block, 2) Mesozoic en block, 3) Carboniferous granitoids, 4) black schists, 5) hematite 

metaquartzites, 6) Devonian metacarbonates, 7) basic metavolcanics, 8) phyllites 9) biotite 

paragneisses, 10) faults. 

 

The dark laminas are composed of garnet-pyroxene-epidote-K-feldspar-

plagioclase with accessory barite, titanite and rutile. Light laminas are quartz-rich, 

with subordinate plagioclase and dispersed epidote, forming polygonal aggregates.  

Pyroxenes are zoned in respect to Fe/Mg ratio (Fs25-31En25-19Wo50). The cores are 

usually enriched in ferrosilicate component. Grossular-rich garnet (Gros69-74Alm14-

20Spes5-7And4-8) forms the aggregates of hypidiomorphic blasts 20-100 mm in size, 

chemically homogeneous. Rare epidote (fe+3 ratio = 5.3 - 19.2) is overgrowing 

pyroxene-garnet aggregates. Locally the LREE-rich epidote (Ce>La) is overgrown 

by normal epidote (fe+3 = 18). There are two populations of plagioclase: andezine-

labradorite (An56-46) is characterised by normal zonation, while the oligoclase-

andezine (An28-38) - by inverted zonation. Iron-poor titanite is growing at the cost of 

rutile. The differences in Al substitution were observed in separate grains (1.5 ï 8 % 

wt. Al2O3), but no zonation of the grains was observed. Polygonal grains of K-

feldspars show Ba enrichment in the margins (up to 6 Cs at %). The small grains of 

K-feldspars, included in pyroxene aggregates are ï in contrast ï almost lacking Cs 

substitution (Cs < 0.1 at.%,). Barite grains are dispersed both inside pyroxene and 

garnet aggregates. 

 

DISCUSSION 

In case of the Dolinkovsky Hill the mineral components are typical of pyroxene-

garnet facies conditions with stable calcite, what impose the temperature limits of 
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450 ï 600 ÁC (Zharikov et al. 1998). The rock-structure with characteristic garnet 

porphyroblasts suggests the high fluid pressure, enabling the components migration 

and re-crystallization. The presence of disequilibrium structures represented by 

quartz-calcite and quartz-grossularite-diopside skeletal intergrowths can be 

interpreted as formed during superheating: 2 Cc + An + Qtz = Gros + 2 CO2. The 

zonation of both garnet and diopside can be a result of a Fe-Mg exchange reaction: 

2CaFeSi2O6 + Ca3Al 2[SiO4]3 + 2 Mg(OH)2 + H2O = 2 CaMg Si2O6 + Ca3Fe2[SiO4]3 

+ 2 Al(OH)3 + H+ +e- (Zharikov et al. 1998). Titanite presence marks the high oxygen 

fugacity.  

Fine-grained, compact structure and polygonal intergrowths of minerals in the 

Hlavinka Creek rock suggest the large temperature difference between the original 

rock and the granite magma and low pressure of the metamorphic reaction. There 

are no relics of carbonate minerals. Mineral association suggests pyroxene-garnet 

facies conditions. As there are no traces of intense deformation, the lamination could 

be the original feature of the rock, underlined by later metamorphic re-

crystallization. The characteristic reaction is: Cpx + Pl + (K+) = Kfs + Grt + (Na+). 

That reaction can be also responsible for the presence of second generation of 

plagioclases as Ca was consumed by formation of grossularite component. The 

presence of K-feldspar together with grossularite-rich garnet implies the high 

alkalinity of the environment (Zharikov et al. 1998). Barium is rather immobile 

element so it was probably present originally in the rock. The presence of barite 

inclusions is an indicator of high oxygen fugacity. Ba liberated from primary host 

mineral was incorporated quite late to the second generation of K-feldspar. The 

replacement of primary rutile by titanite took place also in high oxygen fugacity 

conditions. Secondary epidote group minerals, replacing the primary mineral 

components are rare, what suggest the low water content.  

 

CONCLUSIONS 

In general ï both calc-silicate rocks represent the same thermal regime, but 

contrasting fluid pressure and composition and protolith composition. In case of the 

DolinkovskĨ Hill fluid pressure was high enough to develop the grossular-andradite 

garnet porphyroblasts. The presence of calcite implies that main fluid component 

was CO2. The remnants of quartz and calcite in the garnet embayments In case of 

the Hlavinka Creek the fluid pressure was extremely low, both water and CO2 were 

insufficient for the development of coarse-grained structure and secondary reactions. 

The fine-grained structure of the rock blocked also the diffusion processes, so the 

original protolith composition could influenced the mineral reactions and present 

mineralogy.   

We suggest that in case of Dolinkvsky Hill the rock can be interpreted as skarn, 

influenced by metasomatic processes, while the Hlavinka Creek exposure represents 

the Ca-rich hornfels, formed mostly by the temperature shock from the granite 

intrusion.  
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CHEMICAL VARIATIONS OF THE TETRAHEDRITE-TENNANTITE GROUP 

MINERALS FROM RŇDZINY (SUDETES, POLAND) 

 
Abstract: Various members of the tetrahedrite-tennantite group were identified within 

disseminated hydrothermal ore mineralization at the deposit of dolomitic marbles in the 

Rňdziny (Western Sudetes, Poland). Microprobe analyses indicate high content of Bi in 

tetrahedrite (up to 15.86 wt.%) and tennantite (up to 18.41 wt.%) Tennantite is commonly 

poor in Ag, in contrast to tetrahedrite, in which Ag reaches a maximum of 12.47 wt.%. 

Freibergite contains up to 32.3 wt.% Ag, considerable amount of Fe (7.91 wt.%) and low of 

Zn (0.63 wt.%). The fahlores from Redziny are poor in Pb, Cd, Mn and Sn. Our data show 

strong correlations of As/Sb vs Bi, Cu vs Ag, and Fe vs Zn.  

Keywords: tetrahedrite-tennantite series, Bi and Ag substitution, Rňdziny, the Sudetes 

 

INTRODUCTION 

Tetrahedrite-tennantite solid-solutions belonging to the fahlore-group are the 

most common sulphosalts and are present in many sulphide deposits. Their general 

formula is (Cu,Ag)10(Fe,Zn,Hg,Cd,...)2(Sb,As,Bi,Te)4(S,Se)13, (Makovicky, Karup-

Mßller 1994) where: tennantite M12(As²3...)4S13, tetrahedrite M12(Sb²3...)4S13, 

freibergite M2(Ag²4...)10Sb4S13, goldfieldite M12(Te²3...)4S13 and others. Mercury-

bearing fahlore are widely known as óschwaziteô. In the nature are also known Zn, 

Fe, Pb and Bi varieties of the fahlore-group. In the tetrahedrite and tennantite 

structure there is a complete solid solution between antimony and arsenic. Bi  

replaces partly only for Sb and As. Breskova and Tarkian (1994) found a limit of 

solubility of bismuth at 1.69 atoms p.f.u from 214 analyses of natural fahlore group 

minerals. Solubility of bismuth in the tetrahedrite and tennantite containing Fe and 

Zn was studied by Klunder et al. (2003). 

This paper presents characteristic chemical variations within the fahlore-group 

from Rňdziny. 

 

GEOLOGICAL SETTING 

The deposit of dolomitic marbles in the Rňdziny, localized within the schist series 

of the Kowary-Czarn·w unit (Kozdr·j 2003) as a result of Hercynian movements 

has been fragmented into several parts, separated by schist zones of the  NNW-SSE 

trend. These zones favoured migration of hydrothermal solutions derived form the 

nearby Varsican intrusion of the Karkonosze granite. Primary mineralization is 

represented mainly by sulphides and sulphoarsenides: arsenopyrite, chalcopyrite,  
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pyrite, pyrrhotite, galena, sphalerite, and others. Sulphide mineralization has been 

affected by hipergenic alterations, resulting in a wealth of secondary minerals, 

described in earlier papers. 

In Rňdziny, minerals belonging to the fahlore-group are associated with 

sphalerite, chalcopyrite, Ag-bearing galena, Cu(Ag)-Pb-Bi(Sb) sulphosalts and tin 

sulphides of the stannite group. 

 

METHODS OF INVESTIGATION 

Optical observations in the reflected light were carried out using an OLYMPUS 

BX-51 microscope. Chemical compositions of the minerals were established at the 

Inter-Institute Analytical Complex for Minerals and Synthetic Substances of the 

Warsaw University. A Cameca SX-100 electron microprobe operated in the WDS 

mode under the following conditions: excitation voltage 15 kV, beam current 20 nA, 

peak count-time 20 s, background time 10 s; standards and spectral lines: Zn ï 

sphalerite (KŬ, LIF), Cu ï chalcopyrite (KŬ, LIF), Fe ï chalcopyrite (KŬ, LIF), Mn ï 

rhodonite (KŬ, LIF), As ï GaAs (LŬ, TAP), Se ï ZnSe (LŬ, TAP), S ï chalcopyrite 

(KŬ, PET), Ag ï metallic Ag (LŬ, PET), Cd ï greenockite (LŬ, PET), In ï InSb (LŬ, 

PET), Sn ï cassiterite (LŬ, PET), Sb ï InSb (LŬ, PET), Te ï PbTe (LŬ, LIF), Pb ï 

galena (MŬ, PET) and Bi ï Bi2Te3 (MŬ, PET).   

 

RESULTS 

The members of the fahlore-group found in Rňdziny in various ore assemblages 

show chemical diversity. The composition of the fahlores was calculated using SMe 

= 16 apfu. The total number of atoms in the minerals analysed ranges between 28.41 

and 29.51 (ideally it is 29 atoms pfu). Similar contents were observed in many 

fahlores from various deposits. The Sb-As-Bi diagram (Fig. 1) shows compositional 

range of the tetrahedrite-tennantite members from Rňdziny. The total concentration 

of these elements vary from 3.86 to 4.24 apfu. The maximum value of the 

Bi/(Sb+As) ratio in tetrahedrite is 36/64, and of the Bi/(As + Sb) in tennantite ï 

38/62, which correspond to 15.86 and 18.41 wt.% Bi, respectively. However, some 

fahlores are poor in Bi with its contents close to 0.00 wt.%. Our data of the Bi-rich 

fahlores display negative correlation between Bi and Sb+As. The Bi-rich fahlores 

usually are associated with (Ag,Bi)-bearing galena, Bi-sulphosalts and also occur in 

assemblage composed of Sn-bearing sulphides, chalcopyrite and bornite. 

Cooper content varies from 26.47 to 36.42 wt.% (7.76-9.84 apfu) in tetrahedrite 

and 36.33 to 44.37 wt.% (9.52-10.26 apfu) in tennantite. The Cu replacement by Ag 

is present mainly in tetrahedrite containing 0.29 to 12.47 wt.% Ag (0.05-2.07 apfu). 

Tennantite is commonly more poor in Ag; its maximum content is 0.16 wt.% (0.03 

apfu). In pyrrothite there have been found tiny inclusions of the freibergite (Ag-rich 

fahlore) containing 32.3 wt.% Ag. In the Fig. 2 is shown a negative correlation 

between Cu and Ag in Sb- and As-bearing fahlore. 
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Fig. 1. The fahlore members from Rňdziny in the Sb-As-Bi compositional system. 

 

 
Fig. 2. The CuªAg substitution trend in the fahlores from Rňdziny. 

 

Iron and zinc are principal bivalent metals, but their concentrations are highly 

variable. Fe ranges from 0.31 to 6.22 wt.% (0.09-1.99 apfu) and correlates negatively 

with a Zn content of 1.06 ï 9.04 wt.% (0.26-2.02) (Fig. 3). In freibergite Fe reaches 

up to 7.9 wt.% (2.59 apfu). The highest Zn (9.04 wt.% - 2.02 apfu) has been 

encountered in tennantite associated by pale sphalerite, the lowest in freibergite (0.63 

wt.%, 017 apfu). Low contents of cadmium were found both in tetrahedrite (max. 

3.11 wt.% - 0.52 apfu) as well as in tennantite (max. 0.4 wt.%, 0.05 apfu). 
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Fig. 3. The ZnªFe substitution trend in the fahlores from Rňdziny. 

 

The fahlores from Rňdziny generally are poor in other elements. Pb, Mn, and Sn 

only in low concentrations were recorded. No correlations between Fe and Zn vs Cd, 

Pb and other elements were found in the present study. 
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PETROLOGY OF VAG-RELATED PLAGIOGRANITES WITHIN 

SZKLARY SERPENTINITES (FORE-SUDETIC BLOCK, SW POLAND)  

NEW GEOCHEMICAL DATA 

 
Abstract:  New geochemical data about felsic plagiogranites within of Szklary serpentinites 

(Foresudetic Block, SW Poland) indicate that they can be clasiffied as: 1) plagiogranites, 

probably formed by fractional crystallisation of mid-ocean ridge-like basaltic magmas in 

a back-arc basin, 2) anorthosites, which may have reflect partial melting or fractional 

crystallisation of mafic island arc tholeiitic magmas and 3) allochtonic dykes cutting the 

serpentinites have originated by partial melting of mafic rocks at the base of a thick pile 

of ocean floor- and island arc-derived rocks stacked onto the outermost part of a continental 

or microcontinental margin. The obtained results demonstrate petrogenetic evolution 

of Szklary aplites from the formation of oceanic crust, through island arc development, to 

post-obduction magmatism The conclusions reached here thus support of idea, that the Early 

Palaeozoic ophiolite suite in the Sudetes has been formed as part of extensive island arc/back-

arc system. 

Keywords: VAG, plagiogranites, ophiolites, Foresudetic Block, SW Poland  

  

INTRODUCTION 

Petrological data for the creation of oceanic lithosphere obtained from MAR and 

SWIR crest zones shows suggest, that three different types of acidic plutonic rocks 

are present at mid-cceanic ridges. It includes: 1) a diorite-monzonite-granite suite 

derived from the most evolved and fractionated portion of MORB parental melts in 

the fast spreading ridges, 2) plagiogranites, unrelated to gabbroic host and originated 

from other anomalous geochemically magmatic sources (hybrid or anatectic) typical 

for slow spreading cold litosphere, and 3) granitic rocks being relics of continental 

litosphere preserved in oceanic basins (allochtonous sensu: Silantyev et al. 2004).   

The geodynamic evolution of plagiogranites from normal MORB to more 

subduction influenced granitoids is consistent with evolution of mafic cumulate 

members of an ophiolite suite. This magmatic evolution of the Sudetic ophiolite 

appears to be compatible with formation and evolution of an oceanic back-arc basin 

(Narňbski et al. 1982). 

The aim of this study is to attempt to classify of  Szklary plagiogranites on the  

basis of new geochemical data, focusing on  their  pristine geotectonic settings. 

 

 

 

 

______________________ 
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GEOLOGY  

The Szklary serpentinite Massif is situated at the southern edge of the Niemcza 

dislocation zone (Foresudetic Block) near the eastern margin of Sowie Mts. gneissic 

block.  This massif forms small, N-S elongated and tectonically separated, 

serpentinized ultrabasic body about 10 km long and 3 km wide. The ulttrabasic rocks 

are covered by rusty weathering cover, which is locally transecting by na-rrow opal 

and chalcedony (chrysoprase) veins (Gunia 2000).  

The presence of  felsite acidic rocks has been reported firstly from north-eastern part 

of the Szklary Massif, where these, leucocratic rocks form a bigger vein up to 250 m in 

thickness. It generally strikes N-S with N shortening, and is bordered by steeply dipped 

fault on south. According to NiŜkiewicz (1967) they can be classified as  medium-

grained to fine-grained diorites, with unoriented or oriented texture and  had regarded 

as a continuation of younger KoŦmin granitodiorites exposed on north of Szklary 

massif. 

Other occurrences of plagiogranites are known within of Szklary serpentinites or in 

weathering zone. It forms narrow veins consist of fine-grained aplites, coarse-

crystalline pegmatites and sporadically lamprophyres (spessartite, kersantite). These 

veins range  from  0,2 to 3 m in thickness and strike of  N-S, NW-SE or E-W with high 

angles of dipping (NiŜkiewicz 1967). Some of leucocratic veins are surrounded by 

reaction rims composed of sheared talc-anthophyllite, tremolite-chlorite or 

chlorite-bearing schists (DubiŒska 1993). On the basis of typomorphic sets of minerals 

occurring in some pegmatite veins from  Szklana G·ra hill, their allochtonic position 

from source primarily localized in the Moldanubian Sowie Mts. gneisses is postulated 

(Pieczka 2000). 

 

SAMPLING AND PETROGRAPHY 

Samples for petrologic studies were taken from several small outcrops localized 

in the central part of massif as well as from the boreholes localized on: N and NW 

slopes of KoŦmickie hill (10 specimens from three boreholes), S slopes of Tomickie 

hill (3 specimens from one borehole) and N, S slopes of Siodğowe Hill  

(7 specimens from three boreholes).  

On basis of petrographic features two groups of fine-grained felsic rocks have 

been distinguished. One, represents ñwhite-colouredò variety, occasionally with gray 

veins and patches and the second group described by NiŜkiewicz (1967) as a ñgrey-

colouredò variety,  which shows of stripped appareance.   

The plagioclase-bearing (white) aplites are fine-grained monomineral rocks 

composed of panxenomorphic laths or xenomorphic grains of plagioclases  

(An30-34.) commonly up to 1 mm in size with showing often traces of multiple albite 

rarely pericline twins. Most of  them underwent intensive shearing and 

recrystalization and the poikilitic (sieve-like) structures are found in the background. 

The quartz-bearing (grey) felsites consists of  plagioclases with minor amounts 

of quartz, microcline, biotite, green common hornblende and accesoric: sphene, 

garnet, and Fe-Ti oxides. In the background the small xenomorphic individuals of 

plagioclases (An 28-35) prevail, which occupy about 70 vol% of rock. They also 

surround single tables of potasium feldspars (up to 5 mm in size) and are 
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accompanied by mosaics composed of small xenomorphic quartz grains or 

occasionally by single sets of bent and chloritized biotite platelets. Occasionally, the 

plagioclase-amphibole-bearing assemblages form banded intergrowths with the 

larger sets of paralelly oriented panidiomorphic prisms of green hornblende.  

Modal composition of Szklary aplites plotted on IUGS Q-A-P triangle shows  the 

granodiorite/tonalite and quartz diorite/quartz gabbro affinity of studied granitoids. 

 

GEOCHEMISTRY 

Whole-rock chemistry of 10 representative samples was performed in the ACME 

Laboratory (Vancouver, Canada)  using combined XRF, ICP-MS and INAA analytic  

methods. The Szklary plagiogranites are generally peraluminous A/CNK >1, 

enriched in CaO, poor in K2O, with high Na2O/K2O ratio characteristic for I-type 

granites. Their normative mineralogy plotted on Al-An-Or diagram shows their  

trondhjemite composition (except one sample of granite). Majority of studied aplites 

exhibits alkali-lime values of  Peacockôs index. 

On R1-R2 plot (Batchelor, Bowden 1985) they can be classified as syn-collisional  

varieties, except one sample in the field of late-orogenic granitoids.  

On ORG-normalized diagram  three shapes of pattern can be recognised. One, is 

characterised of flattened profile line along the standard level with small Zr 

(negative) and Sm (positive) anomalies. It probably reflects fractionation of MORB 

to acid composition . The second profile line is exemplified by slight enrichment of 

LILE with strong Zr depletion and Sm enrichment. It can be indicative of derivation 

of acidic melt from incompatible element enriched mantle (Pearce et al. 1984). It 

should also noted, that third group of Szklary plagiogranites exhibits patterns, where 

Rb, Th and Ce, Sm are enriched relative to lower Nb, Ta abundances. Such selective 

enrichment can be attributed to crustal involvement (Pearce et al. 1984), however in 

case of ophiolitic plagiogranites also might be caused by variable mobilisations of 

LIL elements under lower greenschist conditions of metamorphism (Floyd et al. 

1998). These patterns of the Szklary plagiogranites are similar to those of the "supra-

subduction zone" granites or the granites originated in ensimatic island arcs.  

Chondrite- normalized REE patterns  of  three samples show slightly sloped 

profile with absence of  negative Eu anomaly. It pointing out, the cumulative 

plagioclase acumulation during slow fractional crystallization at the magma 

chamber. The other Szklary geochemical group  is characterized the presence of 

varying negative Eu anomaly. indicative of  feldspar involment during fractiona-tion 

or melting (Floyd et al. 1998).  It might to indicate of dynamic evolution of magma 

chamber, when partial melting of hydrated gabbro and extreme fractionation of basic 

liquid produced the acidic melt. 

 

CONCLUDING REMARKS 

The obtained geochemistry results allow to recognise of three geochemical 

groups among the fine-grained felsic rocks within  Szklary serpentinites. One group 

can be assumed to be a product of slow fractional crystallisation of  hydrous gabbros 

at the  mid-ocean ridge-ennviroment. The second (anorthositic) may have formed by 

partial melting or fractional crystallisation of mafic island-arc tholeiitic magmas 
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influenced of crustal contamination. The last generation of acidic melt is represented 

probably by allochtonic? felsic dykes formed by partial melting of mafic rocks at the 

base of a thick pile of ocean floor and island arc-derived rocks stacked onto the 

outermost part of a continental margin. 

The detailed recognition of role of oceanic or continental protholiths of studied 

plagiogranites in connection  with development of rifting processes require further 

geochemical studies of plagogranite dykes occurring in the various parts of Sudetic 

ophiolite suite. Such studies are actually in progress. 
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STONE RAW MATERIALS USED IN CENTRAL EUROPE  

DURING PRAEHISTORY 

 
Abstract:  In the following under consideration are territories of nowadays eastern Austria, 

Czech Republic, southern Poland, Slovak Republic, Hungary and the northernmost part of 

the Balcan penninsula. From the geological point of view mentioned territory is a part of the 

Easten Alps, Bohemian Massif, Western Carpathians and Pannonian Basin, as well.  

Archaeological field surveys realised during few last decades and following laboratory 

studies by the use of geocsientific methods and laboratory devices, brought facts not only on 

raw materials used, but also on ready-made implements distribution as well as information 

on original geological bodies, which have been sources of used raw materials.  

Central Europe already in the Palaeolithic was densily populated areas of the Old 

Continent. After the continental ice cap retreat to the north (some 13-11 thousands years BP) 

central European human tribes settled. This change of living (change from the huntersË ï 

gatherersËstyle of living to agriculture and domestification of some animals as the main manËs 

activities supplied  the majority of daily food needed). In such way man used gradually more-

and-more stone implements for elaboration of various tools and arms.   

Based on the technology of  inorganic raw  material elaboration the praehistory is divided 

into the Palaeolithic period (chipped industry) and the Neolithic one (polished industry). Both 

mentioned technologies needed raw materials of different physical properties. The main 

types of them and probable primary sources are characterized.  

Keywords: Stone Age, central Europe, main raw materials types 

  

PALAEOLITHIC 

For this time period the submicroscopically grained silicic rocks, namely cherts, 

radiolarites and  acid volcanic glass  were the leading raw material types.     

Flint  in the area under consideration has its occurences in the forms: i) irregular 

bodies within the Jurassic, and in less amount also in Cretaceous limestones namely 

in southern Poland, and i) in the form of blocks and gravels occurring in the 

Quaternary morainic unsorted sediments in southern Poland and northeastern part of 

the Czech Republic.  

Based on this local raw material type occurrences, mentioned territories are 

characterized  by the prevalence of just this silicic raw material type used during the 

Palaeolithic. It ought to be mentioned that just southern Poland subsurface beds and 

lenses of flint in Jurassic limestones were mined already in the last millenia of the 

Palaeolithic. Vertical pits reached to 8, rarely even 10 meters of depth. From the 

various vertical levels praehistoric Ăminersñ made also horizontal galleries.   

Quantitative evaluation of the flint made implements in comparision to the other 

raw material categories in the discussed region was not published yet. Taking into  

______________________ 
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account syntetic papers by PŚichystal (2000), Hovorka & Ill§ġov§ (2002),B²r· 1988, 

B²r· & Szakm§ny (2000), Foltyn et al. 2000, Prinke & Skoczylas 2000 and the others  

should be concluded that population from flint made implements, in accordance to 

distance of flint occurrences, diminishes.  

Radiolarites/radiolarian shales  represent  accumulations of siliceous shells of 

radiolaria mostly in the deep water (but not only) environments. Sedimentation of 

radiolarites  is characteristic namely for Jurassic period. The use of radiolarites in 

the central Europe was limited; by the fact, that the majority of geological terranes 

with Jurassic strata were during Alpine orogenic processes strongly tectonized. As 

the consequence radiolarite bodies  were intensively crushed, so only a part of them 

should have been elaborated. From the available published informations it seems that 

the highest concentration of implements made from radiolarites are areas adjacent to  

the Pieniny Klippen belt in western Slovakia, the eastern territories of the Czech 

Republic  and the western  and northhwestern part of Hungary, as well.  

Obsidian in spite of above raw material types occurring within sedimentary strata 

of several geological units, this type of acide volcanic glass has occurrences 

practically in the only area ï Zemplin county both in the eastern Slovakia  and 

northeastern Hungary territories. In mentioned areas obsidian was during the 

Palaeolithic the leading raw material type, but implements from mentioned territory 

were identified as far as in Germany. The quantity of obsidian made implements 

from the raw material occurrences to the west and southwest decreases.  

Hydroquartzite/limnoquartzite. In the intramontagne basins within the Late 

Tertiary volcanics, namely in the cetral Slovakia, there occur several hydroquartzite 

deposits. They originted by precipitation from postvolcanic hydrotherms. 

Hydroquartzites are composed of various forms of SiO2. They are compact or porous 

with pores of irregular shape.   Characteristic for them is the presence of footprints 

and remnants of leaves and silicified plants. Hydroquartzite occurrences on the rim 

of the Ģiarska kotlina basin (central Slovakia) supplied raw material implements 

namely in the direction to the west. During the Palaeolithic practically all utilized 

kinds of implements were made.   

Except of mentioned leading raw material types during the Palaeolithic also 

various locally occurred types of raw materials were used. For example in the 

province of the middle Slovakia Late Tertiary volcanics or in its neighbourghood 

from various silicified sedimentary as well as igneous rocks made implements are 

known to occur. To this category belong implements made in the Bohemian basin 

from mountain crystal (PŚichystal 2000).  

 

NEOLITHIC/AENEOLITHIC 

In comparisom to the Palaeolithic the number of raw materials used singificantly 

increased. The main factor was the change of elaborating technology from chipped 

to the smoothed/ polished techniques. For such elaboration some rock lithologies 

belonging to the all main categories (eruptive, sedimentary as well as metamorphic) 

of  rocks were used.  For the main raw material types used in the 

Neolithic/Aeneolithic common physical properties are characteristic. They are: 
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i) fine-grained character of the raw material, its compactness and homogeneity; i) 

aproppriate hardness but on the other side also needed elasticity; i) freshness, lack of 

veinlets filled up by secondary minerals; i) in some special determinations (symbols 

of power?) also color and lustre were important.  

Igneous rocks of all main types were identified among the Neolithic/Aeneolithic 

implements. From the point of view of their stratigraphy they are Early and Late 

Palaeozoic, Mesozoic and Caenozoic in age. Characteristic is prevalence of effusive 

rock types over intrusive ones. On  territory of the Slovakia Hovorka & Ill§ġov§ 

(2002) described fresh and simultaneously intensively  altered rock types. Though 

intrusive rocks of the granite clan are widely distributed on surface namely in the 

Czech and Slovak Republics, practically no implements (except of crushers) were 

made from these lithologies. From the point of view of areal distribution from  

igneous rocks made implements it is evident, that such implements were made in 

areas where Late Tertiary volcanic rocks represented the widely distributed and 

easily accessible raw material types. Example is territory of present Hungary 

(Szakm§ny et al. 2001), where higher quantity of the other appropriate raw material 

types  are more-or-less lacking. 

Among implements those, elaborated namely from the following rock lithologies, 

were till now identified: palaeobasalts, porfyrites, porphyries, spilites, melaphyres, 

teschenite rocks-clan,  gabbros, dolerites, andesites, trachytes and also the others. 

From the igneous raw material types namely axes, hammer-axes, hammers and 

chisels were made. Their size and morphology in such extend area is variable. 

Majority of implements made from igneous rocks are bored types.    

Other main rock category is represented by sedimentary rocks. They are softer 

in comparison to igneous as well as metamorphic lithologies. So siltstones, 

limestones, laminated volcaniclastic rocks, sandstones, limy claystones, quartzites, 

shales with high amount of limy matter,  and several others are present in lesser 

amount. There do not exists data dealing with the quantitative proportions among 

individual sedimentary raw material types on the one side, and proportion of 

sedimentary rock made implements to the others, on the other one. It ought to be 

mentioned that main rock lithologies used in the Palaeolithic were continuously used 

in the Neolithic/Aeneolithic, too. Given sedimentary rock types were used in various 

proportions mostly as local raw materials types in the whole territory of the central 

Europe. It should be generally stated, that sedimentary raw material types were 

preferently used for ornamental, symbolic or power documented implements. 

Metamorphic rocks represent the most variable raw material types. Among 

them slightly metamorphosed types as well as products of high pT conditions 

recrystallization are documented from the discussed territory.  Practically in the 

whole area following rock lithologies for implements elaboration were used: the 

greenschists,  antigorite serpentinites, glaucophane schists (blueschists), marbles, 

metaquartzites, amphibolites, leptynites, eclogites, jadeitites, various hornfelses, 

metaconglomerates, metagraywackes, in seldom cases also talkschists ao.   

As dealts with implements made from metamorphic rocks it should be mentioned:  

i) the greenschists, amphibolites, metagraywackes and marbles represent raw 

material occurring in several geological units in the whole discussed territory,   
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i) antigorite serpentinites do occur in the several units of the Bohemian massif, the 

Western Carparthians and the Eastern Alps, but the majority of serpentinite made 

implements were produced in the southwestern Poland (Hovorka, in print),  

i) known eclogite  implements have sources in the Bohemian Massif,  

i) glaucophane schists (blueschists) have their source bodies mainly in the Mesozoic 

Meliata unit in the inner Western Carpathians,    

i) from Moravia (Schmidt, Ġtelcl 1971) and western Slovakia (Spiġiak, Hovorka 

2005) described jadeitite axes have their sources in bodies just on the joint areas of 

the frontiers of Italy, Switzerland and France (the Western Alps).   

 

CONCLUSIONS 

i) Among raw material types used in the central Europe in Preahistory there are 

leading types, (silicites in the Palaeolithic, the greenschists and amphibolites in the 

Neolithic/Aeneolithic) and simultaneously types represented by individual 

implements (eclogites, jadeitites).  

i) From the point of the distances between raw material occurrences and the places 

of  implements discovery, we distinguish: a) in situ occurring raw material types 

(Bansk§ et al. 1989); b) short distance transport (= one day walking tour); c) long 

(more than one hundreds kms) distance transport (blueschists, leptynites);  

d) transcontinental transport (jadeitite made axes; Hovorka, in print).   

i) During the Neolithic for elaboration of stone implements new techniques were 

introduced; it was namely boring (two types; Hovorka  2006) and sawing.  

i) Except of stone raw material types in the middle of Neolithic various clay for 

ceramic production (pots, statues = ceramic Neolithic)  were used     

i) Among inorganic raw material type native gold and copper  ought to be added, 

which start to be used to the end of Neolithic. We have not to forget inorganic colors 

(oxids and hydroxids of iron, copper ao.) used for ceramic decoration.  
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               Fig. 1                         Fig. 2                           Fig. 3                            Fig. 4 
 

Fig. 1 Obsidian core (Palaeolithic): Zemplin county, Slovakia. 

Fig. 2 Stone wedge (Palaeolithic): Prepost cave, Prievidza, Slovakia 

Fig. 3 Serpentinite axe (Neolithic): Svod²n, Slovakia 

Fig. 4 Quartzitic hammer (Neolithic): Nitriansky Hradok, Slovakia 
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FROM WITHIN PLATE ALKALINE BASALTS TO MORB-LIKE THOLEIITES 

ï A TALE OF THE BYSTRZYCKIE MTS. METABASIC ROCKS 

 
Abstract: The protolith for metabasites from the southern part of the Bystrzyckie Mts. was 

probably formed and emplaced in environment of progressively extending continental 

lithosphere. At earlier stage alkaline melts were generated at greater depths from low-degree 

melting of metasomatically modified subcontinental lithospheric mantle and emplaced at 

crustal levels forming dykes and veins that now crop out near Poniat·w; it is not excluded 

that these magmas were formed in enriched (?plume-related) asthenosphere. Tholeiites from 

the Gniewosz·w area originated during subsequent extension and were generated at 

shallower levels in response to different degrees of partial melting of heterogeneously 

depleted asthenospheric source. Since some crustal contamination effects are still detectable 

and despite their significant N-MORB signature, melts were presumably generated beneath 

strongly thinned and attenuated lithosphere. 

Keywords: metabasites, alkaline, tholeiitic, magma generation, Bystrzyckie Mts., Orlica-

śnieŨnik unit, Sudetes 

 

INTRODUCTION 

The volcano-sedimentary succession of the Stronie series of the Bystrzyckie Mts. 

is traditionally interpreted as Neoproterozoic up to Early Palaeozoic (Gunia, 

Wierzchoğowski 1979). This fairly thick sequence (4000-5000 m) is composed of 

metapelites intercalated with marbles and intruded by bodies of mafic and felsic 

metavolcanics. According to SzczepaŒski (2003), Ilnicki & SzczepaŒski (2005) 

rocks of the southern part of the Bystrzyckie Mts. recorded a Barrowian type 

sequence of metamorphism resulting in the westward increase in temperature from 

biotite up to staurolite zone as recorded by metapelites and metabasites alike. Mafic 

metavolcanics in the Stronie series occur as (1) small, up to 2-4 m thick, lenses as 

well as (2) relatively large, up to 50-70 m thick, bodies. The first of the described 

types crop out near Poniat·w and the second prevail in the vicinity of Gniewosz·w. 

In both cases longer axes of the mentioned bodies are parallel to the main foliation 

preserved in the surrounding metasediments. 

Geochemistry of metabasic rocks from the Bystrzyckie Mts. was not hitherto 

investigated, however, the whole metabasic suite in the Orlica-śnieŨnik Massif 

(OSM) was interpreted by Floyd et al. (1996) to be emplaced in the intraplate setting  
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and correlated with onset of continental rifting at the turn of Cambrian and 

Ordovician. According to Nowak & ŧelaŦniewicz (2006) the mafic magmatism 

recorded in the Stronie group was developed in a probably rift-related back-arc 

setting. Therefore the main goal of this study was to determine the initial tectonic 

setting of the metabasites in the Bystrzyckie Mts. as well as to characterize the source 

and processes modifying chemical composition of their protholith.  

 

RESULTS AND DISCUSSION 

Twelve samples collected near Gniewosz·w (GMB) and Poniat·w (PMB) were 

crushed and powdered, next fused with lithium meta-borate prior to analysis by 

means of ICP-AES for major elements and ICP-MS for trace elements at Acme 

Analytical Laboratories Ltd., Canada. 

According to TAS diagram (Le Bas et al. 1992) these rocks are classified as 

basalts (two samples fall in trachybasalt and basaltic andesite fields) and show 

mostly alkaline affinity, while some samples straddle the line separating tholeiite 

from alkaline series. However, due to position of these rocks on several 

discrimination diagrams of less mobile high-field strength elements (HFSE) and 

particularly on those with values of the Nb/Y ratio (in this case <0.5) their tholeiitic 

character is revealed, except for the sample from vicinity of Poniat·w (Nb/Y = 1.8). 

Their Mg# values lie between 73 and 47 (for majority of samples from 69 to 56) and 

moderately well correlate with concentrations of major elements showing roughly 

positive trends for CaO and Al2O3, and negative ones for the remaining major oxides. 

Ni and Cr contents generally correlate positively with Mg# or Zr content, although 

these correlations are poorly defined and tight linear or exponential trends are not 

observed. On the contrary, most immobile trace elements display positive linear 

trends when plotted against Zr. Also tight positive trends on bivariate diagrams for 

pairs of incompatible elements indicate that primary, magmatic concentrations of 

HFSE and REE were not disturbed by metamorphic processes. Moreover, 

metabasites of the Poniat·w area (PMB) are distinguished from the samples of 

metabasites from Gniewosz·w (GMB) by their higher ɆREE, more varied HFSE 

concentrations and differences in ratios of incompatible elements (e.g. for the GMB 

low Ti/V: 40-50 and Zr/Y: 3.3-4.9;  for the PMB high Ti/V: 65-100 and Zr/Y: 9.5-

14.0). 

The chondrite-normalized patterns for GMB display moderate enrichment in 

LREE [aver. (La/Yb)CN 1.9 Ñ 0.7; CN stands for chondrite normalised], although 

samples showing either more distinct enrichment or depletion are also present. No 

regular positive or negative Eu anomaly is apparent. The HREE patterns are fairly 

flat, however, their (Tb/Yb)CN  are slightly elevated (aver. 1.3 Ñ 0.1). By contrast, the 

REE patterns for PMB reveal considerable LREE enrichment [(La/Yb)CN: up to 17.0] 

and fractionation of HREE [(Tb/Yb)CN: up to 2.2]; the most enriched sample has a 

REE signature even higher that typical of ocean island basalt (OIB). The MORB-

normalized diagrams of trace element concentrations for GMB show variable 

enrichment in LILE or LREE contents up to 6 x MORB abundances and systematic 

decrease of concentration from La towards least incompatible elements. There is a 

minor negative Nb anomaly and also a distinct Nb-Ta trough for one sample appears. 
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The patterns for PMB display negative slope and significant enrichment in LILE and 

LREE (up to 90 x MORB) and similar to GMB abundances for least incompatible 

elements; a negative anomaly in Nb is also observed. On diagrams discriminating 

geotectonic affinity (e.g. Meschede 1986, Cabanis, Lecolle 1989) the PMB fall in 

within-plate alkali basalts, while the GMB samples plot consistently within N-

MORB field, however, quite often they spread on diagrams towards either E-MORB 

or within-plate tholeiitic basalt fields. 

Despite the pronounced N-MORB signature, the GMB most probably were not 

derived by simple melting of depleted asthenospheric mantle. More likely, their 

source was more enriched than that for N-MORBs as it is evidenced by their REE 

and multi-element profiles. Moreover, ranges and variations of their incompatible 

trace element ratios (e.g. Ta/Yb, Zr/Nb, La/Yb) ratios may account for a slightly 

enriched (fertile) asthenospheric source which was subjected to moderate yet 

different degrees of partial melting (approx. 10-15%). Alternatively, 

a heterogeneous source in which depleted and enriched (non-depleted) components 

were mixing and melting produced the observed compositional features. It is also 

plausible that both factors, i.e. variable degrees of partial melting and source 

heterogeneity could have concordantly contributed to the magma composition. 

Conceivably, some geochemical characteristic of GMB might have been attributable 

to fractional crystallisation process which, however, is rather unlikely to produce 

such variations of trace element ratios as those apparent for GMB. If fractional 

crystallisation would actually be effective, then one would also expect systematic 

changes of REE concentration with Mg# coupled with exponential negative trends 

for Cr and Ni brought about by fractionation of olivine + clinopyroxene Ñ spinel 

assemblage, a feature lacking in the studied samples. On the other hand, the observed 

negative Nb anomaly and variation of Nb/U ratio could be result of assimilation-

contamination process often associated with fractional crystallisation (e.g. De Paolo 

1981).  

Geochemical characteristic of PMB points to magma generation from enriched 

mantle source. High REE ratios [(La/Yb)CN up to 17, (La/Sm)CN up to 3.8] indicate 

particularly strong LREE enrichment which may stem from: crustal contamination, 

small degrees (<5%) of partial melting and/or enriched source (plume-related or 

metasomatised subcontinental lithospheric mantle) or very high degrees of fractional 

crystallisation. Crustal contamination process which undoubtedly affected PMB was 

not equally intensive in every case, since it failed to produce systematic and 

pronounced Nb(-Ta) negative anomaly. Furthermore, it is tentatively postulated that 

due to prominent fractionation of LREE over HREE and low Ta/La ratio low-degree 

partial melting of metasomatised mantle occurred. Metasomatic modification of the 

source could be linked to either previous introduction of subduction-derived 

component to the lithospheric mantle or its veining by silicate alkaline (OIB-like) 

melts rather than carbonatitic metasomatism. Unfortunately, at present state of study 

it is difficult to unambiguously discern effects of crustal contamination process 

imposed on magma composition from those of subduction-related metasomatism of 

the source. Alternatively, the enriched nature of PMB could be explained by 

derivation of magma from garnet-bearing asthenospheric enriched mantle. 
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CONCLUDING REMARKS 

In conclusion it is hypothesised that the protolith for metabasites from the 

southern part of the Bystrzyckie Mts. was probably formed and emplaced in 

environment of progressively extending continental lithosphere. At earlier stage 

alkaline melts were generated at greater depths (ca. 60-70 km) from low-degree 

(<5%) melting of metasomatically modified subcontinental lithospheric mantle and 

emplaced at crustal levels forming dykes and veins what favoured various impact of 

contamination on the magma composition. It is not excluded altogether, that these 

magmas were originated in enriched (?plume-related) asthenosphere.  During 

subsequent extension melts were generated at even shallower levels (< 55 km) in 

response to different degrees (up to 15%) of partial melting of heterogeneously 

depleted asthenospheric source. Although investigated rocks bear significant N-

MORB signature, some crustal contamination effects are still detectable and 

therefore it is suggested that melts were generated beneath strongly thinned and 

attenuated lithosphere.  
 

Acknowledgements: The study was financed by the Ministry of Science and Higher 

Education research grant No 2P04D 22 27.  

 

REFERENCES 
CABANIS B., LECOLLE M. 1989: Le diagramme La/10-Y/15-Nb: un outil pour la 

discrimination des series volcaniques et la mise en evidence des processus de melange 

et/ou de contamination crustale. Compt. Rend. Acad. Sci., Serie II 309: 2023-2029. 

DePAOLO D.J. 1981: Trace element and isotopic effects of combined wallrock assimilation 

and fractional crystallization. Earth Planet. Sci. Lett. 53,189ï202. 

FLOYD P. A., WINCHESTER J. W., CIESIELCZUK J., LEWANDOWSKA A., 

SZCZEPAőSKI J., TURNIAK K. 1996: Geochemistry of early Palaeozoic amphibolites 

from the Orlica-śnieŨnik dome, Bohemian massif: petrogenesis and paleotectonic 

aspects. Geol. Rundsch., 85: 225-238. 

GUNIA T., WIERZCHOĞOWSKI B. 1979: Microfossils from the quartzitic schists in 

vicinity of Gosz·w, śnieŨnik Kğodzki Massif, Central Sudetes. Geol. Sudet., 14: 8-25. 

ILNICKI S., SZCZEPAőSKI J. 2005: Petrological features of metabasites from the southern 

part of the Bystrzyckie Mts., West Sudetes. Pol. Tow. Miner. Prace Spec. 26: 173-176. 

LE BAS, M.J., LE MAITRE, T.W., WOOLLEY, A.R. 1992: The construction of the total 

alkali-silica chemical classification of volcanic rocks. Mineral. Petrol. 48: 1ï 22. 

MESCHEDE M. 1986: A method of discriminating between different types of mid-ocean 

ridge basalts and continental tholeiites with the Nb-Zr-Y diagram. Chem. Geol., 56: 207-

218. 

NOWAK I., ŧELAťNIEWICZ A. 2006: Geochemistry of Metabasites in the Stronie Group 

and Nov® MŊsto Group, the Orlica-śnieŨnik Dome, West Sudetes. Geolines 20: 102-103. 

SZCZEPAőSKI J. 2003: Metamorphic records in the metasediments from the Bystrzyckie 

Mts, West Sudetes. Pol. Tow. Miner. Prace Spec. 23: 163-165. 

 

  



143 

 

MINERALOGIA POLONICA ï SPECIAL PAPERS 

Volume 31, 2007 

 

Peter IVAN1, Ġtefan M£RES1 

 

GEOCHEMICAL TYPES OF THE METAMORPHOSED IGNEOUS ROCKS  

IN THE LEPTYNITE-AMPHIBOLITE COMPLEX OF THE VEPORIC UNIT 

(WESTERN CARPATHIANS) AND THEIR GENETIC IMPLICATIONS. 

 
Abstract: The leptynite-amphibolite complex (LAC) in the Veporic Unit of the Western 

Carpathians contains besides anatexites also multi-stage metamorphosed igneous rocks 

mostly basic in composition. Based on major and trace element distribution as well as mineral 

and petrographic characteristics following groups of metaigneous rocks have been identified: 

(1) retrogressed eclogites with OIB signature, (2) retrogressed eclogites and amphibolites 

close to IAT or N-MORB basalts, (3) gabbros/metagabbros with BABB signature, (4) 

leptynites close to tonalites/trondhjemites with VAG signature, (5) several types of 

nonconformable granitic mobilizates and (6) rocks of mixed origin formed probably by 

hydration crystallization mostly intermediate in composition. Entire complex of metaigneous 

rocks mentioned above was generated in suprasubduction setting as a part of the lower arc 

crust and was substantially modified by partial melting, rock/melt interactions and 

metamorphic alteration during its uplift. 

Keywords: gabbros, basalts, tonalites/trondhjemites, metamorphism, melting, geochemistry, 

arc crust, Early Paleozoic, Western Carpathians 

 

INTRODUCTION 

The leptynite-amphibolite complex (LAC) is one of the main lithostratigraphic 

units of the Early Paleozoic of the Western Carpathians. LAC (sometimes also 

termed bimodal igneous complex) is supposed to be lower crustal in origin and was 

proposed as a probable candidate for the Western Carpathian Carboniferous 

granitoid rocks source. LAC is relatively common lithology in the western European 

Variscides as well as in the Alps (Hovorka et al. 1997).  

 

GEOLOGY 

LAC builds up mostly the northernmost part of the Veporic Unit in the contact 

with the Tatric Unit. Strong heterogeneity of the LAC is a result of its complex 

metamorphic evolution, partial melting and migmatitization. Various types of 

anatexites, massive amphibolites, banded amphibolites intercalated with leptynites 

as well as their retrogressed analogues as micaschists and phyllites are among the 

most widespread rock types. Retrogressed eclogites, metaultramafic rocks and 

gabbros/metagabbros occur as small enclaves up to several tens of meters in size. 

Aplite, leucogranite and pegmatite veins penetrate the entire rock complex.  
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PETROGRAPHY 

Only retrogressed eclogites, metaultramafic rocks, gabbros/metagabbros, 

massive and banded amphibolites as well as leptynites from the Veporic Unit LAC 

have been studied. Retrogressed eclogites are mainly composed of garnet and 

clinopyroxene-albite symplectite, variable content of amphibole and lesser amount 

of quartz, Fe-Ti oxides, clinozoisite and biotite are also present. Metaultramafic 

rocks contain olivine, orthopyroxene, apmhibole and lesser amounts of ilmenite, 

sulphides, chromspinelide, Al-spinel, chlorite and garnet. Two types of gabbros with 

preserved magmatic mineral assemblage have been found: (1) cumulative troctolite 

containing olivine, plagioclase, chromspinelide and in subordinate amount also 

pyroxene and ilmenite together with secondary amphiboles, orthopyroxene, Al-

spinel, kyanite, clinozoisite, biotite and garnet typically with coronitic texture and 

(2) noritic gabbro composed of clinopyroxene, orthopyroxene and plagioclase, 

subordinary also of ilmenite in association with secondary amphiboles, biotite, 

magnetite and clinozoisite with characteristic gabbro-dolerite texture. Due to more 

intensive hydration both types of gabbro were transformed to various types of 

amphibolites. Mineral composition of massive and banded amphibolites is rather 

similar, amphiboles and plagioclases are predominant components, ilmenite, 

clinozoisite, biotite and sometime garnet are present in subordinate amounts. Some 

banded amphibolites are relatively felsic and continuous transitions seem to exist 

between banded amphibolites and leptynites by the rising of plagioclase content, 

even though such rocks occur rather rarely. Leptynites are fine-grained, mostly 

massive light colour rocks of quartz-plagioclase composition with low content of 

other minerals like amphibole, garnet, clinozoisite and ilmenite. Granulite-like 

texture with quartz ribbons is common. Migmatitization of these rocks results in K-

feldspar and biotite formation and grain coarsening. 

 

GEOCHEMISTRY 

Major and trace element bulk analyses of 52 metamorphosed igneous rocks 

performed by ICP-OES and ICP-MS methods (ACME Analytical Laboratories Ltd., 

Canada) have been used to evaluate their original petrographic and geochemical 

types, fractionation and tectonic setting. We used mainly element ratios of elements 

relatively immobile during metamorphism (HFSE, REE, V, Cr, Ti) for 

interpretations, but the influence of potential mobility of these elements during 

migmatitization has been also taken into account. Retrogressed eclogites in the LAC 

of the Veporic Unit belong to two different geochemical types. First type is only 

related to the LAC segment northward of the village HeŎpa and is represented by 

rocks of OIB (more precisely OIT) signature. Strong fractionation is typical ï 

composition of rocks varies from basaltic to picritic. Metaultramafic rocks occurring 

in the same segment of the LAC were surprisingly identified as picritic marginal 

member. Composition of these rocks is matches the olivine-rich cumulates from OIT 

magmas. Enrichment in HFSE (Nb=11.7-27.6 ppm, Nb/Y=0.50-1.15) and selective 

LREE/HREE enrichment (sloped REE patterns- LaN=43.46-103.37, LaN/YbN=3.30-

9.26; Fig. 1A) are typical for the retrogressed eclogites and metaultramafic rocks of 

OIB type. The second type of retrogressed eclogites (including products of their 
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further alteration ï garnet amphibolites and some massive amphibolites) shows 

characteristics close to IAT (rarely also to  

N-MORB). This type seems to be common in the entire Veporic LAC. 

   

  

  
Fig. 1. Chondrite normalized REE patterns in the metaigneous rocks from the Veporic LAC 

  

The protolith of the second type of retrogressed eclogites crystallized from the 

fractionated magmas characterized by deficiency of Nb and Ta (Nb=0.8-1.2 ppm, 

Nb/Y=0.03-0.12) and flat REE patterns with LREE depletion (LaN=4.21-23.63, 

LaN/YbN=0.52-0.94; Fig. 1B). Gabbros/metagabbros are geochemically similar to 

the BABB. They are also characterized by lack of Nb and Ta in comparison to N-

MORB (Nb=1.5-2.0 ppm, Nb/Y=0.10-0.13) and their REE patters are flat without 

significant difference between troctolitic and noritic types (LaN=10.54-26.16, 

LaN/YbN=1.07-1.47; Fig. 1C).  Leptynites can be characterized as trondhjemitic 

rocks with relatively low total REE content and flat patterns in some case with 

distinctive LREE enrichment (LaN=11.49-97.97, LaN/YbN=1.26-4.06, TbN/YbN= 

0.82-1.09; Fig. 1D). Their REE patterns are very similar to the patterns of adjacent 

banded amphibolites. Some enrichment in total REE, locally in LREE and small 

deficit in Eu are the only differences. In the Ta-Nb or Rb-(Yb+Ta) discrimination 

diagrams by Pearce et al. (1984) leptynites are plotted the volcanic arc granite (VAG) 

field. Leptynites differ significantly from non-conform granitic mobilizates by 

absence of marked Eu-anomaly and strong LREE or selective LREE/HREE 

enrichments. At least three geochemical types of mobilizates have been discerned 

yet. Geochemical characteristics of some amphibolites and leptynites seem to be 

a mixture between original magmatic rock and mobilized acid melt compositions. 
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DISCUSSION AND CONCLUSIONS 

Evolutionary history of the metamorphosed igneous rocks from the LAC of the 

Veporic Unit seems to be extremely complex. A part of these rocks have mostly 

preserved their original geochemical features and rarely also relics of magmatic 

minerals. Others were transformed during metamorphic evolution to the rocks of 

mixtured (migmatitic) origin. Enclaves of the basic magmatic rocks with OIB,  

N-MORB or primitive IAT signature which experienced eclogite facies peak 

metamorphism could be interpreted as relics of the formerly subducted oceanic crust. 

Gabbros/metagabbros, dolerites and related more evolved rocks geochemically close 

to BABB contain only relics of granulite-facies metamorphism and were probably 

generated as components of an arc-related lower crustal igneous complex. Several 

stages of fluid penetration, partial melting and metamorphism were related to the 

exhumation of this complex. Leptynites seem to be a product of one such stage, 

created by hydrous melting of basic igneous rocks. Some of mobilized partial melts 

interacted with additional magmatites transforming them by a process similar to that 

termed by Beard et al. (2004) as hydration crystallization. There are enough 

indications to assume that LAC of the Veporic Unit could be an analogue of arc-

related lower crustal plutonic complexes as the Tanzawa plutonic complex in Japan 

(Kawate, Arima 1998). 
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Abstract: Two types of volcanic rocks occur in the ñRutkiò quarry: basalt and basanite. They 

form several separate lava flows. Both contain olivine which zonation suggests two stages of 

crystallization separated by resorption probably due to decompression during ascent and/or 

eruption. 

Keywords: basalt, basanite, olivine and clinopyroxene composition 

 

INTRODUCTION 

Tertiary basaltoids outcropping in the active quarry ĂRutki-Ligotaò 6 km south-

east from Niemodlin belong to Central European Volcanic Province (CEVP) 

trending from the Eifel in the west, through Germany, Czech Republic, Lower Silesia 

to Moravia in the east. The volcanic rocks overly Cretaceous marls and siltstones 

and are covered by younger Cenozoic sediments. Basaltoids from ñRutki-Ligotaò 

were dated by K-Ar method on 27.5 Ma (late Oligocene, Birkenmajer, P®cskay 

2002).  

The ñRutki-Ligotaò quarry is divided into two separate parts: ñRutkiò in the north 

- east and ñLigotaò in the south - west. In this abstract we describe field relationships, 

petrography and mineral composition of basaltoids from the ñRutkiò quarry. Mineral 

compositions were measured by microprobe at the Institute of Mineralogy, 

University of Hannover (Germany) and Geological Institute in Copenhage. 

 

FIELD RELATIONSHIPS, PETROLOGY AND MINERAL COMPOSITION 

Mapping of the ĂRutkiò quarry was done on basis of seventy three samples (Fig. 

1). Two types of volcanic rocks occur in the ñRutkiò quarry: basalt and basanite. 
Basalt dominates, whereas basanite occurs only in central part of the quarry. Two 

types of basalt occur: 

1) basalt with large (up to 200 ɛm) plagioclase laths in the groundmass and, 

2) basalt with only subhedral plagioclase in the groundmass. 

These two types form separate exposures in the ĂRutkiò quarry (Fig. 1). 

Otherwise basalts are similar to each other and characterized by porphyric and 

glomerophyric texture with olivine (200 ɛm ï 4 mm) and clinopyroxene 

porphyrocrysts (200 ɛm ï 1mm) and clinopyroxene glomerocrysts. Olivine 

porphyrocrysts are often characterized by embayed surfaces. The groundmass is 

composed of olivine, clinopyroxene, plagioclase, Fe-Ti oxides and apatite. It is 

characterized by occurrence of oval to strongly flattened, sometimes vesicular 
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domains that are finer-grained 

than the surrounding 

groundmass. The size of 

porphyrocrysts inside the 

domains is similar to that 

outside. 

Basanite is porphyritic 

and contains only olivine 

porphyrocrysts (300 ɛm ï  

2 mm). Olivine margins are 

strongly porous. The 

groundmass is composed of 

olivine, clinopyroxene, 

plagioclase, nepheline, 

analcite, Fe-Ti oxides and 

apatite.  

Plagioclase, nepheline 

and analcite occur as large (up to a few mm), irregular poikilocrysts enclosing much 

smaller grains of olivine and clinopyroxene.  

 

MINERAL COMPOSITION 

Basalt: Cores of olivine phenocrysts have higher forsterite (Fo 86-87%), Ni 

(1900-2700 ppm) and lower Ca contents (800-1100 ppm) than rims (75-78 %,  600-

1900 ppm and 1900-3000 ppm respectively). The rims composition partially 

overlaps with the composition of olivine from groundmass which has 63-80% of 

forsterite, 300-1600 ppm of Ni and 2700-5200 ppm of Ca (Fig. 2a,b).  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Rock kinds in the ĂRutkiò quarry. 

  

 
 

Fig. 2. Relationships between  Fo (forsterite) to Ca in olivine (a) and  NiO to Ca in olivine (b). 
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Pyroxene phenocrysts have the composition of Na ï diopside (Fig. 3). 

Mg/(Mg+Fe) ratio varies from 0.79 to 0.84 between zones, T i concentrations from 

0.04 to 0.05 a pfu and Al from 0.14 to 0.19 a pfu. Ca varies from 0.91 to 0.93 and Cr 

is always below 0.03 a pfu. The groundmass pyroxene is characterized by lower 

Mg/(Mg+Fe) ratios (0.68ï083), lower Cr content  (always below 0.02 a pfu) and 

higher Al (0.16-0.48 a pfu) and Ti content (0.04-0.13 apfu) relative to that forming 

phenocrysts. Anorthite content decreases from An50-64 in the cores to   An29-48 in the 

rims of plagioclase grains. 

 Basanite: Cores of olivine 

phenocrysts have higher forsterite 

(85-87%), Ni (1300-3200 ppm) and 

lower Ca contents (1200-2700 ppm) 

than rims (65-77%, 500-800 ppm 

and 3200-4300 ppm respectively). 

The rims composition partially 

overlaps with the composition of 

olivine from groundmass which has 

61-73% of forsterite, 300-900 ppm 

of Ni and 3400-4400 ppm of Ca 

(Fig. 2a,b). Therefore, most of the 

olivine composition in basanite is 

similar to that in basaltic olivine. 

Only rims of phenocrysts in basanite 

have much lower Fo and Ni and 

higher Ca contents than those of 

olivine phenocrysts in basalt.  

Mg/(Mg+Fe) ratios in pyroxene ranges from 0.69 to 0.81, Ti are 0.01-0.14 a pfu, 

Al ï 0.03-0.46 a pfu, Ca ï 0.92-0.93 a pfu and Cr below 0.02 a pfu. Therefore, 

Mg/(Mg+Fe), Ca and Cr values are similar in basaltic and basanitic pyroxene, 

whereas Ti and Al yield much lower minimum values in basanite.  

Plagioclase occur in basanites as anhedral, amoeboidal grains containing 8 to 

43% of anorthite. 

 

CONCLUSIONS 
1) Two types of volcanic rocks occur in the ĂRutkiò quarry: basalt and basanite with 

basalt dominating. This differs from the previous study of Birkenmajer & 

SiemiŃtkowski (1977) who distinguished only melabasanite and Wojno et al.  (1957) 

who distinguished basanite and nephelinite. 

2) Vesicular oval domains occurring in the basalt maybe remnants of outer crust of 

lava flow which cooled right after reaching Earthôs surface. Fragments of the crust 

were cracked during flux of lava and reincorporated into the  flow.  

3) The different textures on basalt and basanite as where as differences in 

mineral composition suggest that both the rocks have had different pre and 

post eruption histories. 

 Fig. 3. Pyroxenes from basalt and basanite in the 

diagram of Morimoto (1989). 
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4) Low contents of Fo and Ni in olivine phenocrysts suggest that they are 

magmatic minerals not restites incorporated after mantle melting (Pearson et 

al. 2003; Cvetkoviļ et al. 2004).  

5) Zonation and resorption in olivine phenocrysts suggest that they crystallized in 

two stages. The first stage probably took place at deep levels where homogenous 

olivine cores crystallized rich in Fo and NiO as well as pyroxene cores with high  

Mg/(Mg+Fe) ratios and low in Ti, Al and Na. The second stage is related to an abrupt 

magmas ascent when olivine phenocrysts were resorbed due to decompression 

(Nelson, Montana 1992) or spongy rims were developed on basanite olivines. 

Pyroxene records rapid cooling. Oscillatory and sector zoned mantles crystallized 

during magma ascent and final crystallization.    
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THE MŇCINKA BASALT (SW POLAND) 

 
Abstract: The basalt occurring in Mňcinka near Jawor (Lower Silesia, SW Poland, Tertiary 

Central European Volcanic Province) consists of olivine Ñ clinopyroxene phenocrysts 

embedded in plagioclase ï clinopyroxene ï Ti magnetite/ilmenite matrix. Five types of the 

rock can be distinguished in the basis of presence/absence of clinopyroxene phenocrysts and 

degree of  red coloration of olivine phenocrysts. Variation in chemical composition of olivine 

indicates various conditions of crystallization in lava flow. The chemical composition of 

matrix minerals is very similar to that from Winna G·ra basaltic plug located few kilometres 

from the Mňcinka. Both basalts come probably from the same source.  

Keywords: Basalt, mineral chemistry, Jawor, SW Poland 

 

INTRODUCTION 

Lower Silesian Formation of Cenozoic basalts is the easternmost part of the 

central European Volcanic Province (CEVP) extending from the Eifel Mts. in 

Germany through the Czech Republic to Lower Silesia and Opole Region in Poland. 

The Province consists of large separated fields and groupings of smaller intrusions 

(pipes, necks, flows, veins; Ladenberger et al. 2006). Volcanic activity in Lower 

Silesia begun at the turn of Eocene and Oligocene (33.4 Ma) and lasted up to early 

Miocene (18.5 Ma). Alkali basalts, basanites and nephelinites are most common and 

potassic lavas do not occur in Lower Silesia.   

The remnants of one of the volcanic centres are located near Jawor in Lower 

Silesia. Two active quarries (Mňcinka and Winna Gora) enable access to unaltered 

rocks here. The basalts occurring in Mňcinka are described in this abstract and their 

relationship to the neighbouring basalts from the Winna G·ra is discussed. 

 

GEOLOGY, PETROGRAPHY AND MINERAL CHEMISTRY 

Basalt occurrences in the vicinity of Jawor form volcanic plug, lava flows and 

dikes (Wierzchoğowski 1993). The lava flow is exposed in the Mňcinka quarry  

(6 km NW from Jawor) and volcanic plug in the Winna G·ra (4 km to W from 

Jawor).The thickness of basaltic plate reaches 80 m in Mňcinka. The plate is overlain 

and interbedded by tuffs (JerzmaŒski, 1956). Birkenmajer et al. (2002) classified 

those rocks as basanite and determined their age (K ï Ar) to be 18.66 Ñ 0.82 Ma and 

21.05 Ñ 0.85 Ma (Mňcinka) and 21.62 Ñ 0.93 Ma and 21.96 Ñ 1.36 Ma (Winna G·ra, 

the second phase of volcanic activity). Since the rock consists of plagioclase, 

pyroxene, olivine, Ti - magnetite and ilmenite, we use the term ñbasaltò in the 

following. 
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The basalt occurring in Mňcinka is light- to dark-gray, aphanitic with phenocrysts 

of olivine and pyroxene up to 4 mm across. The variation of the rock is due to 

presence/absence of pyroxene phenocrysts and degree of  red coloration of olivine 

phenocrysts (Fig. 1) as well as due to textures and size of the phenocrysts.  

 

 

Fig. 1. Textural groups of 

the Mňcinka basalt: a - 

group 1 (with fresh 

olivine phenocrysts, one 

polar), b - group 2 (with 

completely reddisch 

olivine phenocrysts, 

crossed polars), c - group 

3 (with reddish rims on 

the olivine phenocrysts, 

one polar), d -  group 4 

(with reddisch cracks in 

olivine phenocrysts, 

crossed polars), e - group 

5 (with reddisch  olivine 

phenocrysts with fresh 

cores, one polar), f - tuff, 

one polar. 

 

 

Mineral compositions have been studied in two varieties containing no  

(group 1) or little (group 4) decomposed and coloured olivine phenocrysts. 

Plagioclase occurs in groundmass as elongated laths, fluidally arranged around 

olivine phenocrysts. It is zoned from 40 ï 64 % of anorthite in cores to 17 ï 38 % in 

margins (Fig. 2a). Pyroxene forms subhedral crystals of the composition of 

aluminian diopside, Mg/(Mg+Fe) varies from 0.70 to 0.79 (Fig. 2b).   

Two opaque minerals occur in the Mňcinka basalt: spinel and ilmenite. The 

former occurs in groundmass as well as in inclusions in olivine phenocrysts. Average 

matrix spinel composition is Fe3+
0.87Fe2+

1.24Ti0.50Mg0.23Al 0.11Mn0.02Cr0.01O4 (Ti-

magnetite) and that of spinel from olivine phenocrysts is 

Fe+3
1.06Fe+2

0.86Ti0.08Mg0.21Al0.26Mn0.02Cr0.51O4 (Cr-magnetite). Ilmenite (average 

composition  Fe3+
0.13Fe2+

0.68Ti0.93Mg0.24Mn0.01O3) forms subhedral crystals embedded 

in groundmass.  
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Fig. 2 Chemical composition of (a) plagioclase and pyroxene (b). 

 

Two types of olivine phenocrysts occur: homogeneous and zoned. The 

homogeneous ones typically contain 77 ï 78 % of Fo in group 1 and 69 - 70 % in 

group 4 of basalt. The zoned crystals typically contain 83 % of Fo in cores and 79 % 

in margins (group 1) and 73 % of Fo in cores to 71 % in margins (group 4). 

 

CONCLUSIVE REMARKS 

The Mňcinka quarry exposes the lava flow consisting of a nephelineïfree basalt. 

About 3 km to the S of Mňcinka the Winna G·ra basalt quarry is located. The age of 

rocks forming both the outcrops is slightly different (0.5 ï 1.0  Ma). The chemical 

compositions of minerals forming groundmass of the Winna G·ra (plagioclase 65 

­ 20 % anorthite, clinopyroxene of the Al-diopside composition, Ti-magnetite, 

ilmenite; Matusiak 2006) are similar to those forming the groundmass of the 
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Mňcinka basalt. The basalt from Winna G·ra hosts mafic and ultramafic enclaves 

and plagioclase megacrysts, which do not occur in Mňcinka.  No enclaves or 

megacrysts occur in Mňcinka. Similar groundmass composition, small age 

difference and small distance between two basalts occurrences suggest, that they 

come from one magma chamber, but originated at different parts of it and/or erupted 

during different stages of activity of the volcano. 

The chemical composition of olivine phenocrysts in the Mňcinka basalt  suggests 

that the cores of zoned crystals (73 and  83 % Fo in group 1 and 4, respectively) were 

formed first in Mňcinka. In the second stage rims of zoned olivine and homogeneous 

grains crystallized (78 and 70 % Fo in group 1 and 4, respectively). Differences in 

chemical composition of olivine suggests various conditions of crystallization.   
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HYDROTHERMAL AND WEATHERING PROCESSES IN THE 

KARKONOSZE GRANITE FROM STRACONKA HILL  

(JELENIA GčRA BASIN, POLAND) 

 
Abstract: The excavation in Straconka hill at Miğk·w village (about 10 km S from Jelenia 

G·ra) is one of the biggest outcrops of grusified granite in Jelenia G·ra basin. Three types of 

hydrothermally altered granites were distinguished.  Granite subjected to grusification 

(arenitization) is poor in chemical weathering related minerals. Grus (arenite) is a product of 

alteration of rocks characterized by presence of epidote, titanite, ilmenite, scheelite, fluorite, 

Fe-chlorite and absence of Mg-chlorite. Other rocks contain rutile as a main Ti mineral, Fe- 

and Mg-chlorite and are devoid of epidote and other Ca minerals. Hydrothermal alterations 

are important in grusification.  

Keywords: Karkonosze granite, mineralogy, hydrothermal alteration, weathering processes 

 

INTRODUCTION 

The outcrop at Miğk·w is situated on the N-W slope of the Straconka hill (Fig. 1). 

The excavation is about 100 m long and to 6 m high (MigoŒ, August 2000). The 

porphyritic Karkonosze granite at different stages of weathering is exposed (from 

unweathered hard rock to arenite with core-stones). The aim of the study was to 

determine minerals and chemical composition of rocks in relation to different stages 

of weathering.  

 

METHODS 

Nine samples from the outcrop were studied. Optical microscopy (transmitted 

light) and cold field emission scanning electron microscope (FESEM) Hitachi S-

4700 coupled with energy dispersive spectrometer (EDS) NORAN Vantage at the 

Institute of Geological Sciences of the Jagiellonian University were used.  Bulk rock 

chemical analysis were performed at the Acme Analytical Laboratories Ltd. 

Vancouver, Canada by use of ICP-AES (for major elements) and ICP-MS (for trace 

elements). 

 

RESULTS 

Three working groups of samples were distinguished. Granites which belong to 

group I macroscopically are characterized by presence of white feldspars 

(phenocrysts and groundmass crystals) and black biotite. In the group II the feldspars 

are apple-green (groundmass crystals) and pink (K-feldspar pheno-crysts) and biotite  
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is black with greenish tint. In granites of the III  group (which form enclaves in 

granites of group the II) primary feldspar pheno-crysts are altered to dark green 

phyllosilicate aggregates. Samples of group I and II represent different weathering 

stages. 

 

Chemically granites of 

the group I are richer in 

CaO (Fig. 2) in compa-

rison to the other groups. 

Higher content of calcium 

results in more An rich 

plagioclase (Fig. 3): the 

group I besides K-feldspar 

contains plagioclases from 

albite to andesine (0 mol% 

- 35 mol% An), plagio-

clases of the group II 

granite mainly albite to 

oligoclase (0 mol% - 11 

mol% An). The group III 

granite contains only very 

pure albite (99%-100% 

Ab) and no K-feldspars.  

 

Chemical analyses of phyllosilicates (Fig. 4) indicate, that biotite (beetwen annite 

and siderophyllite) was found only in 

granites of the group I. In the  rocks of 

the groups II and III micas are present 

only as a  white mica (connected with 

process of sericitization of feldspars). 

High values of Aô in Fig. 4 can be 

interpreted as result of weathering 

process (initial kaolinite formation). 

Chlorite in the studied granites 

represents two main groups ï more 

ferric (ripidolite ï pycnochlorite ï 

brunsvigite) and more magnesian 

(clinochlore ï penninite). In the group 

I the Mg-chlorites do not occur.  

Titanite, as the main  Ti-bearing 

mineral (Fig. 5), and minerals from 

the epidote group (and scarce 

scheelite and fluorite) are present in 

granites of I group what is connected with higher content of CaO. 

 

Fig. 1. Simplified geological sketch map of the Jelenia 

G·ra Basin (after MigoŒ, August 2000, modified). 1. 

metamorphic rocks; 2. Karkonosze granite; 3. faults; 

diamond ï Straconka hill. 

 

Fig. 2. Harker-type variation diagram CaO 

ï SiO2 for the granites from Straconka hill 

(Jelenia G·ra Basin). 
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Samples of both the group I and the group II differ macroscopically in stage of 

weathering from fresh rock, to slightly weathered and intensely weathered. In 

both cases the more weathered rock the more rusty colour of sample and the lower 

hardness of the rock (sample Str-5, the most weathered of group I is in fact the grus) 

occur. Despite considerable difference in weathering stage of rocks, the 

mineralogical and chemical changes are rather low (Fig. 6). 

 

 

Fig. 3. Feldspars classification for Straconka 

hill granites; symbols as on Fig. 2. 

 

 

Fig. 4. AôKF diagram (molecular 

proportions) for phyllosilicates of 

Straconka hill; symbols as on Fig. 2 (after 

Almond et al. 1997, modified). 

 

 

Fig. 5. Variety of Ti-bearing minerals in 

Straconka hill granites dependent of CaO 

content; symbols as on Fig. 2. 

 

Fig. 6. A-CN-K ternary diagram for 

samples of the Straconka hill granite, 

symbols as on Fig. 2; gray field ï average 

Karkonosze granite (after Rollinson 

1993; modified). 
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CONCLUSIONS 

Biotite chloritization, sericitization of feldspars, albitization, crystallization of 

secondary titanite and epidote, quartz veins formation point out importance of 

hydrothermal processes.  

Granite subjected to grusification (arenitization) is poor in minerals considered 

to be a product of chemical weathering. Content of kaolinite in weathered granite is 

very low. Although all granite samples are hydrothermally altered, it is possible to 

notice differences in hydrothermal minerals assemblages in samples representing the 

groups I and II (the group III is similar to II in this respect). Grus (arenite) is a final 

product of alteration of the group I rocks characterized by presence of epidote, 

titanite, ilmenite, scheelite, fluorite, Fe-chlorite and absence of Mg-chlorite. Rocks 

of the groups II and III contain Fe- and Mg-chlorite, and rutile as a main Ti mineral, 

and are devoid of epidote and other Ca minerals. Hydrothermal alterations are 

important in grusification. This conclusion is in agreement with results of Evans and 

Bothner (1993).  
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MINERAL ASSOCIATION OF NODULES FROM IRON METEORITES 

SEEL SGEN, MORASKO AND JANKOWO DOLNE  

 
Abstract:  Iron meteorites (IIICD or IAB type) are being found in areas of Morasko, Przeğazy 

(Seelªsgen) and Jankowo Dolne. Comparison of mineral composition of nodule filler show 

exceptional resemblance within them. Phases of copper, sulphides, silicates, oxides and 

phosphates are identical practically under the account of chemistry. It allow to state with the 

big probability that meteorites are coming from one fall. 

Keywords: iron meteorite, Morasko, Seelªsgen, Jankowo Dolne, nodules, mineral 

associations. 

 

INTRODUCTION 

Iron meteorites (IIICD or IAB type) of Morasko, Seelªsgen (Przeğazy) and 

Jankowo Dolne are characterized by very big mineralogical resemblance. Their 

places of finds are found practically on one line over a distance area of about 170 

km. There is a big probability that they are coming from the same fall. Mineral 

composition of main mass of these meteorites is similar. Principal minerals are 

diversified size crystals of kamacite, taenite with changeable contents of 

schreibersite and cohenite. Taenite is also accompanying by small amounts of 

tetrataenite (Dziel et al. 2007). Relatively rare in kamacite matrix accompanying by 

schreibersite occur sphalerite, troilite, altaite and small spherical graphite. 

Characteristic feature of iron meteorites of IAB and IIICD types are nodule of 

troilite-graphite containing silicates and phosphates. Silicates in them are being tied 

genetically with the unique group of meteorites ï winionaites (Clayton, Mayeda 

1996; Benedix et al. 1998, 2000; Karwowski, MuszyŒski 2006). In that paper authors 

focused their attention on mineral associations occurred in troilite-graphite nodules. 

The part concerning mainly results of pyroxenes study was presented earlier 

(Karwowski, MuszyŒski 2006). 

 

SAMPLES AND ANALYLICAL METHODS 

Samples were taken out from cut fragments of meteorites, which contain nodules, 

coming from the Morasko area, Przeğazy and Jankowo Dolne (collection of Institute 

of Geology, Adam Mickiewicz University, collection of Faculty of Earth Sciences, 

University of Silesia and other collector specimens). Examinations were being made  
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on polished slabs using an ore microscope. The main part of examinations was being 

led using a CAMECA SX 100 electron microscope in the Interinstitutional 

Laboratory of Microanalysis of Minerals and Synthetic Substances at the Faculty of 

Geology, Warsaw University. 

 

RESULTS AND DISCUSION 

Main mineral components of graphite-troilite nodule are graphite and troilite, 

which is acompany by considerable amounts of pyrrhotite (Dziel et al. 2007). 

Nodules rim are usually creating by a different thickness layer of cohenite-

schreibersite. Schreibersite is poorer in Ni content with comparison to fine-grained 

variety ï rhabdite, dispersed in kamacite. Quite frequent mineral is sphalerite, 

occurring in two forms. One forming big grains, containing from 19 to 20 at % of Fe 

and 0.3-4.0 at % of Mn, often containing small grains of secreting iron sulphide 

arranged along crystallographic directions and second poorer in Fe (~6 at %.) and 

Mn, creating small grains in rim parties of nodules. 

Another common mineral in nodules is daubreelite, which form a microscopic, 

lengthened grains in iron sulphide or creating secretion grains in the association with 

troilite and graphite. Sometimes daubreelite is going together with sphalerite. During 

observation under BSE such sphalerite were a little bit brighter than daubreelites 

crystallizing in the distance from sphalerite. Under an ore microscopy differences in 

the colour and shades were not noticed in daubreelites. Systematic examinations 

permitted to find out also a Zn-bearing daubreelite (to 7.02 at % of Zn) which is a 

bridge to the isomorphic row of tiospinels daubreelite-kalininite (FeCr2S4 ï 

ZnCr2S4).  

There is relatively rare mineral in nodules which visual properties and chemical 

composition is close to djerfisherite (K6Na(Fe,Cu,Ni)25S6Cl). It is diverging from the 

theoretical pattern a little bit with the K and S excess and with the additive of Co up 

to 1% at. and with deficiency of Na. It was indicated on the edge of nodules in the 

association of iron sulphide together with some bearing Ni unidentified sulphide 

phases, cohenite and schreibersite (Fig.1.). 

Relatively often in the nodules there is copper which is creating small grains or 

inclusions in schreibersite or sphalerite. It usually contains distinct additive of Fe ~ 

2 at. % and of Ni ~0.4 at %.  

Practically, very common mineral in nodules is spinel represented by a typical 

chromite with little Mn additive and Zn, poor in Al. Ratio of Cr/(Cr+Al) is of range 

98.23 ï 100.00. Two kinds of chromite can be noticed which differs in Mg ratio 

(Fe+Mn)/Fe+Mn+Mg) contents - for poor ones Mg is 93-80, for richer Mg is 50-64. 

Chromite is co-occuring practically with the majority of minerals met in the whole 

nodules. It often forms automofphic grains, which sometime are strongly cracked. 

A unique mineral in nodules is altaite (PbTe) occurring in the rim parties of 

nodules in the company of schreibersite and cohenite (Fig.2.) It was also recorded in 

iron matrix together with sphalerite and schreibersite. The uniqueness of this mineral 

relies on the fact that it was confirmed in meteorites for the first time. It contains 

distinct Zn additive (1-2 at %) and slight Sb admixture (~ 0.3 at %). 
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Fig. 1. BSE image of Djerfisherite (dj) 

surrounding by triolite (troi), schreibersite 

(schr) and cohenite (co). Morasko meteorite. 

Fig. 2. BSE image of altaite (white) in the 

midst of cohenite (co), schreibersite (schr) 

and troilite (troi). 

 

Titanium oxide ï most probably rutile ï is noticed only in graphite-troilite 

nodules, which are enriched in silicates and phosphates. It occurs as a xenomorphic 

grains intertgrowing with troilite and graphite and more rarely around silicates and 

phosphates. It contains distinct Cr additive (~0.24at %), Nb (0.27-0.29 at %.) and Fe 

(0.13-0.19 at %). 

From all known silicate minerals in the nodules especially pyroxenes were 

presented by Karwowski & MuszyŒski (2006). Three main types were distinguished 

among them: I ï Ca-Mg-Fe2+-pyroxenes (Quad); II ï Ca-Na-pyroxenes and III ï 

Na-pyroxenes (Karwowski & MuszyŒski 2006). The remained silicates are being 

represented by the unidentified silica (co-occurring with pyroxenes: enstatite as well 

as kosmochlor) and by feldspars: antiperthite and orthoclase. Albite is poor with the 

orthoclase molecule (3.75 ï 4.31%) but perthitic orthoclase contains of 2.43 ï 3.14 

% albite molecule. Orthoclase occurs also as separate grains rich in the albite 

molecule (~9.5%). Both feldspars contain graphite and troilite inclusions. They 

rarely intergrown with pyroxenes or with phosphates. 

Quite rare in nodules is olivine. It is not traced together which the association of 

other silicates. Some isolated grains are stuck in surrounding troilite. Olivine is 

typical forsterite which composition is: mo: 0.00; fo: 96,09-95.03; fa:4.86-3.80; li : 

0.00-0.04; te: 0.12.  His position among silicates is not yet clear.  

Silicate phases (pyroxenes and feldspars) are often accompanied by phosphates. 

Till now only whitlockite has been identified (Dominik 1976). Authorôs research 

permitted to discover a few new phosphate phases. The most frequent is buchwaldite 

(NaCaPO4), which is accompanying by brianite (Na2CaMg[PO4]2). Together with 

the association of buchwaldite and brianite, some unidentified phosphate phases are 

noticed, which formulas are: Na2MgPO4 and Na(Ca0.75Mg0.25)PO4. Nodules built up 

in the majority by phosphides do not have the distinct schreibersite-cohenite rim.  

Rarely fluoroapatite can be traced in form of very small inclusions most often in 

chromite. Some of phosphate phases are clearly secondarily hydrated; their 

mineralogical identification is difficult because of too small grain size.  

 

 



162 

 

CONCLUSIONS 

Mineral compositions of nodule filler in Morasko,  Seelªsgen and Jankowo Dolne 

meteorites show exceptional resemblance within them. In the examined meteorite 

nodules identical minerals were noticed which represent native elements, sulphides, 

tellurides, silicates and oxides. Only djerfisherite and rutile was found in Morasko 

meteorite nodules. The probability of founding such phases in Seelªsgen and 

Jankowo Dolne meteorites is very small from because of the scarce population of 

accessible material for examinations. Attention should be given to the presence of 

altaite in meteorites from explored areas which is a carrier of considerable Pb and 

Sb amounts. Tellurium and antimony are elements rather in trace amounts in 

meteoritic material.  

Big resemblance of mineral composition of nodule filler in examined meteorites 

and their linear pattern in the field allow authors to state that examined meteorites 

most probably come from one fall.  
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THE INFLUENCE OF COOLING CONDITION ON MINERAL  

AND CHEMICAL COMPOSITION OF FRESH SLAG 

 
Abstract: The composition of fresh slag is not different from stabilized one. Both varieties 

contain minerals of melilite group, larnite, wollastonite, merwinite, perovskite, anorthoclase, 

metallic Fe, Al-Mg alloys, Si, Ti, Zr, Fe and Al oxides. Usually they contain high amount of 

sulphur (MnS, CaS, but also various silicate and aluminosilicate contain ca. 4 wt % of this 

element). Geochemical data indicate that analyzed slag samples have almost similar chemical 

composition. Fresh slag samples contain similar amounts of harmful elements (Co, Cu, Zn, 

Pb, Ni, As, Cr). However diffusion of main elements did not occur, the amount of harmful 

elements is lower in outer glassy layer of the slag. Different cooling rate caused changes in 

crystallization conditions and appearance of different mineral assemblages in glassy layer 

and typical porous slag.  
Keywords: fresh slag, cooling processes, mineral and chemical composition 

 

INTRODUCTION 

The mineral and chemical composition and weathering behavior of slag has been 

well recognized in many studies, but the composition and behavior of fresh, not 

stabilized slag has never been studied.  

The aim of this study was to determine the influence of cooling conditions on 

chemical and mineral composition of fresh blast furnace slag taken from the slag-

spout about 1.5 hour after heat of pig iron. 

 

SAMPLES AND METHODS 

Fresh slag samples were collected from the slag-spout about 1.5 hour after heat 

of pig iron. They did not subjected to stabilization and weathering processes on a 

heap that usually cause significant changes in composition and structure of slag but 

also can cause the release of harmful components into environment. For this study 

the most representative slag sample (with visible changes in structure) were used. 

Slag was analyzed using various analytical methods: optical microscopy, X-ray 

diffraction (Philips XôPert APD type diffractometer with a vertical PW 3020 

goniometer; Cu Ka radiation monochromatised using curved graphite crystal 

monochromator) and field emission scanning electron microscopy with energy 

dispersive spectrometry (FE-SEM; Hitachi S-4700 and EDS; Noran Vantage).  

Chemical analyses were made in ACME ANALYTICAL LABORATORIES 

(Vancouver) using ICP-ES (main elements) and ICP-MS (trace elements) methods. 

_______________________ 
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Macroscopically fresh slag is different than those on heaps. It is heterogeneous 

with dark yellow glassy upper outer layer (WP1-b) (ca 1 cm thick) with irregular 

cracks and grey lower (inner) layer with numerous small voids (WP1-a) (Fig. 1). 

Porous structure that is typical of blast furnace slag was observed near cracks in 

glassy layer. Analyzed slag is composed mostly of calcium silicates and calcium 

aluminosilicates (Fig. 5). Matrix of slag (both in outer layer and in internal part) is 

usually composed of melilite group minerals ((Ca,Na)2(Al,Mg,Fe)(Si,Al)2O7) with 

variable amount of MgO and Al2O3. Melilite minerals are mostly rich in gehlenite 

end-member (Kasina, Michalik 2007). 

 

Components present in melilite matrix of lower part of slag are: larnite which 

represents probably unstable alpha-phase (Ca2SiO4), wollastonite (CaSiO3) and 

merwinite (Ca3Mg(SiO4)2). Gradual decrease of MgO content and increase of CaO 

is observed in merwinite. Metallic Fe, Al-Mg alloys, Ti and Al oxides were 

determined as subordinate components (Fig. 2, 3).  

  
Fig. 1. Macroscopical view of fresh slag. 

WP1-a ï inner layer, WP1-b ï outer layer. 

Fig. 2. Inner part of fresh slag sample. Mer - 

merwinite, Mel - melilite. SEM-BSE image. 

  
Fig. 3. Boundary between glassy layer and 

inner part of slag. Al ox ï Al oxides, Mel ï 

melilite. SEM-BSE image. 

Fig. 4. Typical part of glassy layer. Fe metal 

ï metallic iron, Al ox ï Al oxides. SEM- 

BSE image. 
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Fig. 6. Multi-element concentration normalized to the composition of NASC. High W 

content in sample WP!-a is a result of contamination from jaw crusher. 

 

Perovskite (CaTiO3), high temperature feldspar rich in K and Na (anorthoclase - 

(K,Na)AlSi3O8)) with small amount of BaO (~1 wt. %), and also and Si, Ti, Zr, Fe 

and Al oxides are more typical for glassy layer, but minerals such as larnite and 

merwinite and metallic iron were also noted (Fig. 3, 4). 

Sulphides (CaS and MnS) were noted in melilite matrix in both part of slag but 

sulphur was also determined in EDS analyses of various silicate and aluminosilicate 

components and sulphur content ranges up to 4 wt %.  

 
Fig. 5. X-ray patterns of fresh slag samples (WP1-a, WP1-b). 
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Samples WP1-a and WP1-b have almost similar chemical composition and 

similar basicity index values (Barna et al. 2000) (BI = CaO+MgO/SiO2; 1.28 for 

sample WP1-a and 1.44 for sample WP1-b).  

Concentrations of elements were normalized to North American shale composite 

(NASC) representing average crustal material (Gromet et al. 1984) (Fig. 6). Slight 

enrichment of inner part of slag in Cr, Co, As is visible (Fig. 6).  

 

CONCLUSION 

Outer glassy layer and inner part of slag exhibit differences in mineral 

composition related probably to different cooling rate and resulting different 

conditions of crystallization.   

Similarity in chemical composition of outer glassy layer and inner porous part of 

slag indicates probably that cooling rate was too high for segregation (diffusion) of 

main elements.  

Degassing process occurred within slag. In outer glassy layer rate of solidification 

was high enough to prevent separation of gaseous phase.   

Harmful elements are contained mostly in the inner part of slag but differences 

in concentration are low what also suggest limited diffusion of elements. 
Generally the content of harmful elements (Co, Cu, Zn, Pb, Ni, As, Cr) seems to 

be not dangerous, but it is necessary to keep in mind that slag is composed of unstable 

phases and can be reactive for many years. Under natural weathering conditions 

harmful elements can be released into environment and cause pollution of soils, 

surface waters and groundwater. Harmful metals are probably associated with 

silicate and oxide minerals that exhibit low solubility in water  

(Piatak et al. 2004). 
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SMALL MELT POCKETS IN BIG MIGMATITES:  

EVIDENCE OF IN-SITU PARTIAL MELTING 

 
Abstract: The neosomes of migmatite areas have so far been addressed as melt fraction. 

These neosomes often exhibit fine grained patches of mainly plagioclase Ñ resorbed K-

feldspar Ñ white mica Ñ kyanite Ñ garnet. We consider these textures to represent melt pockets 

within a recrystallised matrix, therefore reducing estimates of melt volumes considerably. 

Keywords: melt pockets, migmatites 

 

INTRODUCTION 

In high-grade terranes the distinction between recrystallization processes in the 

solid state and partial melting is often not straight forward, but accurate recognition 

of the melt is needed to quantify its volume for further geodynamic interpretation. 

So far, igneous looking parts of a migmatite were addressed as 

neosome/leucosome and believed to represent the melt fraction. Problems arise, 

when the inferred melt volumina definitely imply melt migration, field evidence 

however points against it. 

In order to solve this contradiction, two schollen- and one stromatic migmatite 

area from the Austroalpine realm (Winnebach, Klopaier and Verpeil, ¥tztal 

Crystalline Basement, Austria) were investigated. Since recrystallisation in the 

course of a post-anatectic deformational overprint would obliterate microstructures 

and grain size differences, only unfoliated migmatite domains were selected. 

In this paper we show that particular textures within the neosomes are best 

interpreted in terms of representing former melt domains. 
 

PETROGRAPHIC AND PETROLOGICAL EVIDENCE 

The investigated migmatites are highgrade metapelites with a characteristic 

mineral assemblage of Bt + Qtz + Pl Ñ Grt Ñ Ms Ñ Ky in the schollen/paleosome. 

The neosome with Bt + Qtz + Pl + Ky Ñ Kfs Ñ Ms Ñ Grt exhibits an igneous-looking 

texture. Fine grained patches of mainly plagioclase Ñ resorbed K-feldspar Ñ white 

mica Ñ kyanite Ñ garnet embedded in coarse grained quartz and biotite are a common 

feature in the neosomes/leucosomes (Fig. 1). The difference in grain size between 

these aggregates and the surrounding matrix is about 1:10. 
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Within these patches, plagioclase is commonly oligoclase (an15 ï 20). This is 

significantly lower than in the schollen-domains with an25 to 43 (Hoinkes et al. 1972). 

The K-feldspar crystals consist of 81 ï 90 % orthoclase. The relative amounts of 

plagioclase versus K-feldspar are variable, ranging from c. 50% to 0% K-feldspar. 

Occasionally K-feldspar shows lobate resorption bays. 

Abundant white mica can be correlated with an absence of K-feldspar. Subject to 

the migmatite area white mica is either coarse grained and intergrown with biotite, 

or fine grained within the feldspar patches. Relictic crystals show a distinct 

overgrowth. Coarse-grained white mica is nearly pure muscovite. The fine-grained 

white mica shows a slight increase in celadonite component. 

Biotite shows progressive decay in contact with the fine grained patches. Fine 

grained kyanite occurs in variable amounts. 

Almandine is mostly fine-grained (< 100 Õm) and associated with biotite. Its 

growth is poikiloblastic at the contact to feldspar. The spessartine-component ranges 

between 3.6 and 18.7%. In garnet cores Fe/(Fe+Mg) ratios down to 0.67 were 

measured. 
 

 
 

Fig. 1. Fine grained patches of feldspar with tiny white mica is surrounded by quartz islands, 

(crossed nicols, image width 1.2 mm). 

 

DISCUSSION 

The migmatite precursor rocks are Al-rich, Ca-poor metapelites, that probably 

formed already part of a dehydrated middle to lower crust at the onset of anatexis 

(Klºtzli-Chowanetz 2001). These conditions permit the use of the petrogenetic grid 

for the NaKFMASH-system of Spear et al. (1999). 

Assuming H2O-undersaturation, production of a first melt fraction through the 

reaction ms + pl + qtz Č as + kfs + lq (1) is suggested. Reaction (1) accounts for the 
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presence of K-feldspar in the neosome in contrast to its absence in the schollen. Due 

to H2O-undersaturation the first K-feldspar to develop is solid (Bucher &  Frey, 

2002). However, as reaction (1) continues, additional water is generated and reaction 

(1) shifts to ms + pl + qtz Č as + lq with kfs-component. The continuous reaction 

bt + as + pl + qtz Č grt + kfs + lq (2) begins to operate on a small scale where biotite 

is in contact with fine grained plagioclase. 

Lobate resorption of K-feldspar and beginning of biotite breakdown within the 

neosome infer incipient melting processes. Melting of the whole neosome however 

would have inevitably destroyed these textures. We therefore suggest that only parts 

of the neosome have reached the melt-stage, and that the fine grained feldspar Ñ 

kyanite Ñ white mica aggregates represent these former melt domains. The low 

amount of K-feldspar as well as the variable amount of kyanite combined with new 

growth of white mica suggest reactions (2) and (1) to have operated in reverse upon 

cooling. Feldspar aggregates similar in shape and identical in chemistry to those 

described in this paper have been observed in the Mºnchalp orthogneiss by Poller 

(1994). The interpretation of this feldspar texture as anatectic melt implies the 

occurrence of a migmatic stage in the Mºnchalp gneiss evolution already postulated 

by Streckeisen (1928) but again questioned by Maggetti & Flisch (1991). 

Similar textures have been reported from the Southalpine Ceneri gneiss 

(Zurbriggen 1996) and have been produced experimentally during crystallization of 

partially molten granitic material (Attrill, Gibb 2003). 

Clemens and Holness (2000) describe microgranitic areas composed mainly of 

quartz and feldspar in a quartzite of a contact aureole. They interpret these textures 

as melt pockets. The fine grain-size of the melt pockets is attributed by Clemens and 

Holness (2000) to rapid cooling to the subsolidus, in lower crustal levels equivalent 

to sudden melt crystallisation at crossing reaction (1). 

The extremely low abundance of quartz within the feldspar-aggregates suggests 

that the quartz originally present in the melt has migrated out of the pl-kfs-qtz 

clusters to crystallize preferentially around non melted quartz grains, thus forming 

large quartz-islands in the neighbourhood of the melt pockets as described by 

Rosenberg and Riller (2000) and Clemens and Holness (2000). For melt volume 

estimates the quartz contained in the original melt can roughly be sized up at around 

25% of the melt (considering a minimum melt composition, H2O undersaturation 

and lower crustal pressures; Johannes & Holtz 1990). 

Assuming the feldspar aggregates to represent around 30% of the 

neosome/leucosome, the entire melt volume increases to nearly 40% of the neosome. 

Even with a low amout of preserved schollen, the degree of melting should therefore 

lie below the threshold of 20 - 35 vol% given for melt migration by Clemens and 

Vielzeuf (1987). 
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CONCLUSION 

The recognition of melt pockets in migmatites reveals that melt volume estimates 

considering the igneous textured parts are far too high. 

The melt pockets can be regarded as ñindex mineral textureò documenting a 

partial melting event without melt migration in high-grade metapelitic, as well as in 

metamorphosed igneous rocks. 
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PROVENANCE OF THE M£LANGES AND METAMUDSTONES OF THE 

RZESZčWEK-JAKUSZOWA AND CHEĞMIEC UNITS (KACZAWA 

COMPLEX, SUDETES): GEOCHEMICAL EVIDENCE 

 
Abstract:  The provenance of m®langes and metamudstones from Stanisğaw·w (Cheğmiec 

Unit) and Rzesz·wek (Rzesz·wek-Jakuszowa Unit) in the northern part of the Kaczawa 

Complex (Sudetes, SW Poland) is assessed on the Chemical Index of Alteration (CIA) and 

discrimination function analysis using major element data and selected trace element data 

(Eu/Eu*, Zr/Sc, Th/Sc Th/U and GdN/YbN). The results of analysis suggest the acidic igneous 

rocks of the upper crust and recycled continental sediments as the likely main source for the 

sediments, with a minor component of the plagioclase-rich volcanic material. 

Keywords: geochemistry, provenance analysis, m®lange, metamudstone, turbidites, 

Kaczawa Complex, Sudetes 

 

INTRODUCTION 

Metasedimentry rocks from the northern part of the Kaczawa Complex (SW 

Sudetes, Poland) have been recorded in exposures along the Kamiennik stream 

between Rzesz·wek and Jurczyce villages (Rzesz·wek-Jakuszowa Unit, RJU), and 

in deep boreholes near Stanisğaw·w (Cheğmiec Unit, CU). These consist of various 

metamudstones and m®lange-type rocks. M®langes of the Kaczawa Complex are 

described as large bodies with a chaotic internal structure. They consist of a muddy 

matrix which contains clasts and larger blocks of various sandstones (mainly 

greywackes), as well as siliceous and volcanic rocks (Haydukiewicz 1987)2.  

Sandstones and slates of turbidite series can be seen in the most easterly part of 

the profile along the Kamiennik Stream (RJU), while the western part consist of 

m®lange (Upper Devonian-Lower Carboniferous; Haydukiewicz 1987 and refs. 

therein). The lower part of the Stanisğaw·w (CU) profile consists mainly of various 

fine grained metasediments (volcaniclastics and mudstones) with interleaved basic 

lavas and intrusions. This sequence is correlated with Ordovician volcanoclastics 

found elsewhere in the Kaczawa Mountains. The uppermost part of the Stanisğaw·w 

profile is a thrust sheet over 200 m thick and is comprised of m®lange (Baranowski 

et al. 1990, Collins et al. 2000).  

The investigated m®langes were gravitationally redeposited within an oceanic 

trench and subsequently subjected to deformation and metamorphism during further 

evolution of the Variscan accretionary prism (Collins et al. 2000 and refs. therein). 

 
1 Institute of Geological Sciences, University of Wrocğaw, ul. Cybulskiego 30, 50-205 

Wrocğaw, Poland, e-mail: joko@ing.uni.wroc.pl 
2 It is therefore recommended that the term "m®lange" be used as a descriptive rather than 

genetic term for m®langes in this complex. 



172 

 

This paper presents results of a preliminary provenance analysis of the 

metasedimentary rocks from the northern part of the Kaczawa Complex. 

 

METHODS OF INVESTIGATIONS 

32 samples (16 samples of each unit) were prepared as powder for bulk-sample 

analysis. Investigations were carried out in the Acme Analytical Laboratories Ltd. in 

Canada using ICP-MS technique. 58 elements (including major and trace elements) 

have been determined in each sample. 
 

RESULTS & DISCUSSION 

Increasing weathering generally leads to a shift towards an aluminum rich 

composition what can be noted by an increase in the Chemical Index of Alteration 

CIA (Nesbitt,Young 1984). The CIA is defined as: CIA = Al2O3/(Al 2O3 + K2O + 

Na2O + CaO*)100, in molecular proportions (Fig. 1A). For shales this value usually 

falls between 70-75 (McLennan et al. 1993).  

 

 
 
Fig. 1. A. Ternary plot for metasedimentary rocks from the Kaczawa Complex. Molecular 

proportions of Al2O3 - (CaO* + Na2O) - K2O are displayed, with the CIA scale shown on the 

left (Nesbitt, Young 1984, modified by McLennan 1993, McLennan et al. 1993). Black dots 

indicate major minerals and rock types. CaO* is CaO in silicates only. B. Discriminant 

function plot of provenance signatures of metasediments from the Kaczawa Complex, based 

on major element data (after Roser, Korsch 1988). C, D. Provenance analysis based on 

various geochemical parameters (McLennan 1989, McLennan et al. 1993, McLennan et al. 

2003, fide Veizer, Mackenzie 2003; Kostylew 2006). 

 


