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Abstract

This paper presents the results of petrological investigations of rocks from the Szklary serpentinite massif in the eastern
margin of the Géry Sowie Block. Among the weakly serpentinised ultrabasites present, harzburgites, lherzolites and
pyroxenites have been distinguished. Small enclaves of metabasites within the serpentinites represent low-Ti varieties
and - like rodingites — they developed from initial gabbroides or picrites. They reveal a characteristic depletion in in-
compatible elements. This feature is reminiscent of high-Mg (boninite) basic magmas formed in island arc or back-arc
basin environments. Plagiogranites, present within the serpentinites, most probably represent trondhjemites - more
acid derivates formed during the fractional crystallisation of the same initial basic magma.

On the basis of the petrological investigation results, the hypothesis was put forward that - with regard to their ini-
tial composition - the ultrabasites of the Szklary massif may represent heterogeneous spinel residual peridotites impreg-
nated with pyroxenite veins. Enclaves of metabasites and plagiogranites, having the properties of mafic cumulates
and/or fractional differentiates, may reflect a stage of further magmatic processes which took place in a zone of litho-
spheric plate convergence.

Manuscript veceived 22 December 1999, accepted 13 December 2000.

INTRODUCTION

The Szklary serpentinite massif occupies the southern
part of Niemcza Dislocation Zone, which is considered to
be a transverse, left-side shear zone in the north-eastern
part of the Bohemian Massif. It stretches out along the
eastern flank of the Géry Sowie gneiss block (Mazur &
Puziewicz, 1995; cf, Fig. 1).

The serpentinites around Szklary form a strip of hills
with an almost meridional stretch, approximately 5 km
long and 2 km wide. The contacts between the serpen-
tinites and the surrounding gneisses and blastomylonites
are sharp. However, the interpretation of drilling data im-
plies interfingering of the serpentinites within the cover
rocks. These contacts are in many places obliterated due
to folding or mylonitisation (Niskiewicz, 1967).

The most common rocks of the Szklary massif are ul-
trabasites serpentinised to various extents. They contain
tectonic enclosures of amphibolites, aplites, pegmatites
and, rarely, of lamprophyres. In the subsurface zone, the
ultrabasites are covered with a rust-coloured weathering
cover, in places incised by magnesite veins with clusters or

veins of opal and chalcedony. The Szklary area is famous
for its chrysoprase (a green variety of chalcedony) and
poor Fe-Ni ores.

Investigations on the mineralogy and petrography of
the massif’s rocks were conducted earlier in order to rec-
ognise and determine mineral resources. New studies, car-
ried out in recent years, have concentrated on petrological
aspects.

The Szklary serpentinites are regarded to be a part of
the so-called basic-ultrabasic complex (the Sudetic ophio-
lite) forming the Lower Palaeozoic structural stage of the
Fore-Sudetic Block (Cwojdzinski & Zelazniewicz, 1995).
According to the Caledonian-Variscan terranes theory,
they represent a megaboudin of a dismembered ophiolite
situated in a narrow strike-slip zone between terranes
(Cymerman et al., 1994).

In previous studies, the ultrabasites from Szklary
were regarded as: a high-temperature intrusion within a
zone of deep continental-type rifting (Teisseyre et al.,
1957); a fragment of a ring intrusion (protrusion) with zo-
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Fig. 1. Sketch map showing location of the Szklary massif in the
eastern margin of the Gory Sowie Block. SMF - Sudetic Marginal
Fault; Inset map locates the study area in the Bohemian Massif.

nal structure (Jamrozik, 1981); a fragment of the lower-
most part of the old ocean litosphere (i.e. so-called tecto-
nite peridotites; Dziedzicowa 1979; Narebski et al., 1982;
Narebski & Majerowicz, 1985).

The mechanisms of the formation of the initial basic
magmas were discussed separately. The suggested ideas in-
cluded mantle diapir formation (Jamrozik, 1981; Dzie-
dzic, 1994) and a more convincing subduction of the oce-
anic crust (Majerowicz & Pin, 1989, 1994).

This paper attempts to present a petrogenetic inter-
pretation of the various rock varieties from the Szklary
massif and to compare them with rocks from various geo-
tectonic environments.

SAMPLE COLLECTION AND METHODS
USED IN THE STUDIES

Petrological studies were carried out on approxi-
mately 500 rock samples from the Szklary massif, col-
lected by the author during several years of field investiga-

Serpentinite weathering
cover

Alluvial sediments
Quaternary, undivided

Fig. 2. Geological map of the Szklary massif (simplified) based
on Badura & Dziemianczuk. (1981). Sampling points for petro-
logic studies of specimens from the boreholes: filled circles - ultra-
basites, filled squares — metabasites, open circles - rodingites, half-
filled circles — aplites; natural and artificial outcrops are indicated
by conventional symbols.
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tions of Lower Silesian serpentinites. The samples in-
cluded those collected by the author in the field, as well as
drill core fragments from Professor Jerzy Niskiewicz’s
collection, which is now kept in the Institute of Geologi-
cal Sciences of Wroctaw University.

Microscopic investigations of thin sections in trans-
mitted light were performed on 100 serpentinite, 30 meta-
basite and 20 aplite samples. The precise location of the
sampling points is shown in Fig. 2 and Table 1.

Most of the main and trace element determinations,
the results of which are presented in the tables and dia-
grams, were performed using X-ray fluorescence spectros-
copy (XRF) in the chemical laboratory of the Geology
Department of Keele University (Great Britain), as well as
with the help of methods ICP, AES and neutron activa-
tion (INNA) in the Activation Laboratory Ltd. (Canada).

The precision of the determinations obtained with
the various methods was the following: 2 ppm for Cu,
Nb, Ni, Rb, Sr and Zn; 4 ppm for Ga, Pb, Y, Zr; 14 ppm
for Cr and V; for rare earth elements: 1 ppm for Ce, Nd;
0.5 ppm for Th; 0.2 ppm for Ta, Hf, La; 0.05 ppm for Tb,
Eu, Yb; 0.01 ppm for Sm and Lu.

Geochemical data were supplied with analysis results
from 1960-1978, as well as with the results of main and
trace element concentration assays published earlier (e.g.
Gunia, 1995a; Dubinska, 1997).

Because the advancement of the serpentinisation phe-
nomena varied strongly, for the calculation of the norma-
tive composition, the chemical composition of the ultra-
basites (without volatiles) was calculated to 100 wt %. The
total iron oxide content was standardised with the Cole-
man method (Coleman, 1977). The chemical analyses of
representative samples of the Szklary massif rocks are pre-
sented in Table 1.

Phase X-ray analysis (powder X-ray diffraction) was
used to analyse the serpentine minerals composing the ser-
pentinites. Minerals were separated by hand under a bin-
ocular microscope and analysed in unoriented prepara-
tions with a DRON 2.0 apparatus. Analyses were per-
formed with an X-ray source Cu K, and Ni filter, within a
20 angle range from 4 to 66°. The X-ray patterns were
compared with the JCPDS data base and Whittaker &
Zussmann’s (1956) article.

The chemical composition of selected minerals was
determined with a Cameca electron EDS microprobe in
the Geology Department of Blaise Pascal University in
Clermont-Ferrand (France) using BRGM synthetic stan-
dards. The following parameters of analysis were used: ac-
celeration voltage 15 kV, beam current: 10 nA, counting

time: 10 s; results were subject to correction using the
ZAF procedure.

RESULTS OF THE PETROLOGICAL INVESTIGATIONS

ULTRABASITES

Petrography

Numerous classifications of the ultrabasic rocks from
the Szklary massif, based on petrographic criteria, have
been put forward. In earlier papers, authors distinguished
the so-called “olivine” serpentinites, in which relict miner-
als prevailed, and the “proper” serpentinites, in which ser-
pentine minerals prevailed in the rock groundmass (Roth,
1867; Juskowiak 1957, 1960 fide Niskiewicz, 1967). Ac-
cording to a different group of authors, the ultrabasites
from Szklary represent five varieties with different de-
grees of secondary alteration advancement, including such
processes as: silification, carbonatisation and weathering
(Natkaniec-Nowak & Pitera, 1986).

Petrographic investigations of samples cut from drill
cores allowed the distinction of harzburgites, lherzolites
and orthopyroxenites among the weakly serpentinised ul-
trabasites from Szklary.

All the peridotites described here are composed of xe-
nomorphic, often dismembered olivine grains with a high
content of forsterite (Fosss), and brown prismatic ensta-
tite-bronzite (Eng.s) with clinopyroxene exsolution la-
mellae occurring locally. These minerals are in places ac-
companied by: fine-prismatic greenish augite diopside
with distinctive traces of diallage cleavage {100}, amoe-
boid chromium spinel with brown-coloured translucent
central parts of grains, and microspherical magnetite pres-

ent locally in the form of cloud-shaped clusters. Traces of
a plastic deformation in the solid state are expressed as a
rule by olivine polygon aggregates with interstitial brown
spinels having formed.

Orthopyroxenite was only encountered in a sample
from well 231 (depth approx. 55.5 m, S slope of Siodtowe
hill). It is a medium-crystalline rock with unoriented tex-
ture, with pan-xenomorphic orthopyroxene prisms cov-
ered with tiny inclusions of Fe oxides (magnetite?). The
2V angle measurement results (86-89°) imply that the
pyroxenes belong to enstatite-bronzite group.

Ultrabasites with over 40 vol. % content occupied by
primary components, were included as serpentinites.

According to the Wicks and Whittaker (1977) classifi-
cation of serpentinites, it is possible to distinguish here
serpentinites with mesh texture, vein serpentinites and in-
termediate serpentinites.

In the northern part of the massif, mesh texture pre-
dominates, characterised by a distinct orientation of
chrysotile asbestos veins. In places, a window-like texture
was formed, consisting of two systems of perpendicular
serpentine veins (Gunia, 1993).

Vein serpentine was encountered in serpentinites
from boreholes on the N and NW slopes of Tomickie hill
(boreholes: 98, depth 33.3 m, and 242, depth 13.5 m) and
on the NE slope of Kozmickie hill (346, depth 42.6 m).
The serpentinite in this case is filled with variously ori-
ented serpentine veins with ribbon or serrate forms. In
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Table 1
Chemical composition of ultrabasic and metabasic rocks from the Szklary massif
Analysis 1 2 3 + 5 6 7
Sample 27/8/8 8/33 173/11 1 3B 3/Sz 173/11
Main oxides (wt. %)
S10; 41.43 49.21 47.94 45.34 75.26 71.18 40.10
TiO, 0.05 0.38 0.22 0.19 0.03 0.08 0.05
ALO; 0.69 16.65 17.76 12.92 14.25 14.94 16.70
Fe,Os 8.63% 5.64 6.29* 6.36% 0.11 0.17 652
FeO 1.68 - 0.38 0.65 -
MnO 0.12 0.13 0.16 0.11 0.03 0.02 0.14
MgO 39.60 9.71 8.69 16.05 0.08 0.52 18.80
CaO 1.60 10.57 12.37 15.74 1.32 1.57 13.50
Na,O 4.13 2.23 0.63 6.90 5.73 0.13
K,O 0.07 0.69 0.28 0.12 0.67 3.63 0.32
P,Os 0.17 - - -
L.O.L 0.17 1.19 3.91 2.16 0.70 1.16 6.18
Total: 100.25 100.15 99.84 99.62 99.03 98.49 99.50
Trace elements (ppm)
Ba 69 34 128 36 770 1100 nd
Co 100 59 38 nd 5 2 nd
Cr 2397 674 466 1062 23 23 650
Cu 5 51 47 39 2 5 nd
Ga + 11 13 8 nd nd nd
Hf <1 <1 <1 nd 1 1 238
Nb 1 1 1 1 2 8 0.7
Ni 2187 651 148 707 75 411 527
Pb 6 11 53 15 920 63 nd
Rb 7 9 13 8 4 5 nd
Sc 9.8 28 28 nd 3 3 nd
Sr 16 215 204 137 1775 594 nd
Ta <0.5 <0.5 <0.5 nd 1.5 22 nd
Th <0.5 <05 0.5 0.5 17 18 0.6
U <0.5 <0.5 s | nd 1.5 22 nd
v 56 111 94 90 6 18 27
Y 1 7 5 5 7 6 1.14
Zn 44 41 194 40 7 15 nd
Zr 16 20 20 19 24 23 3
Rare earth elements (ppm)
La <0.50 <0.50 <0.50 <0.50 25.00 22.00 0.79
Ce <3.00 <3.00 <3.00 2.00 33.00 32.00 1.53
Nd <5.00 <5.00 <5.00 9.00 11.00 13.00 0.76
Sm <0.10 0.50 0.40 nd 3.40 3.90 0.13
Eu <0.20 0.30 0.40 nd 0.80 0.50 0.14
Tb <0.50 <0.50 <0.50 nd 0.50 0.50 0.04
Yb 0.20 0.70 0.70 nd 0.60 0.60 0.14
Lu <0.05 0.07 0.06 nd 0.08 0.08 0.03

L.O.I-lost on ignition, nd - not determined, * - total Fe calculated to Fe;Os; 1 - serpentinite with mesh texture, borehole 278, S slope of Siodlowe hill,
2 - coarse-grained amphibolite, W slope of Szklana Gora hill, 3 - aphanic amphibolite, borehole 173, S slope of Siodiowe hill, 4 - laminated amphibo-
lite, N. slope of Tomickie hill (analyses 2-4 after Gunia 1995a), 5 - plagiogranite-"white’ aplite, S slope of Tomickie hill, 6 - plagiogranite-"grey” aplite,

S slope of Tomickie hill (analyses 5-6 after Pater, 1997, unpublished), 7 - rodingite, Szklary (after Dubisska, 1997).
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many places, single tremolite needles or browny, crypto-
crystalline weathered aggregate after primary olivine are
clearly visible.

Intermediate textures were described in rocks from
borehole 346 (Kozmickie hill). Under a microscope, ser-
pentine ‘hour-glass’ textures are visible. They are cut by
serpentine veins. In places, it is also possible to encounter
nests of larger-size serpentinite flakes intergrown with
talc, Mg-chlorite flakes and secondary chalcedony veins.

On the basis of microscopic studies, it is possible to
reconstruct the early stages of the Szklary massif serpen-
tinite textures. In the initial stage, a glass-like serpentine
appears in the interstitions and penetrates cracks in bigger
olivine grains. Next, these veins become larger and sur-
round sharp-edged fragments of olivines. The number of
veins grows steadily, and the olivine relics become smaller
and more and more fragmented. After that, veins with zo-
nal or ribbon texture are formed, and the chrysotile asbes-
tos fibres grow larger.

Powder X-ray diffraction measurements revealed that
the main constituents of the serpentinite textures in the
Szklary massif are lizardite and clinochrysotile. The pres-
ence of mesh textures containing low-temperature serpen-
tine varieties points to the infiltrational character of the
ultrabasite serpentinisation. This process might have been
related to a migration of fluids with high water vapour
content, along planes of discontinuity formed as a result
of an earlier shearing deformation.

From a comparison of the metamorphic mineral as-
semblages with data from the CMAS experimental system
(Evans, 1977), it is possible to draw the conclusion that the
maximum P,T conditions of the Szklary massif ultrabasite
serpentinisation did not exceed the chrysotile stability
limit, 1.e. Tou = 350°C and Py = 3 kbar, which corre-
sponds to the lower range of the greenschist facies (Evans,
1977).

Geochemistry

The rocks under study reveal a high variability of
AlLO; content. The majority of samples have over 3 wt %
of aluminium oxide, while some of them contain less than
1.0 wt %. CaO concentrations show similar variability.
Mg-number values #Mg = (100 Mg/(Mg + Fe; atomic %),
most often fall between 89 and 91, which is characteristic
of residual spinel peridotites (Coleman, 1977). However,
it is possible to encounter samples with #Mg values be-
tween 80 and 88.

Some of these parameters may be regarded as typical
of ultrabasites representing the lowest member of the
ophiolitic sequence (tectonite peridotites sensu Coleman,
1977). These ultrabasites often form a residue after basaltic
magma melting (¥Mg= 0.90, AL,O; < 1.0 wt %.

It should be stressed that some ultrabasites from the
Szklary massif show features characteristic of high-Al con-
tinental pyroxenites or pyroxenites from the upper mem-
ber of the ophiolite sequence (ultramafic cumulates). This
fact may be confirmed by the positions of the composi-
tion points in the systems: CaO-ALO>-MgO (Fig. 3) and
Na;0 +K,0-FeO*-MgO (Fig. 4). In these systems, some

Al,O,

Ca0 MgO

Fig. 3. Ulirabasites of the Szklary massif on the CaO-
ALOs>MgO diagram (after Coleman, 1977). MP — metamorphic
(tectonite) peridotites, UK - ultramafic cumulates, MK - mafic
cumulates.

FeO

Na,0+K,0 MgO

Fig. 4. Ultrabasites of the Szklary massif on the Na:O +K:O-
FeO-MgQ diagram (after Coleman, 1977). MP - metamorphic
(tectonite) peridotites, UK — ultramafic cumulates, K - komati-
ites.

of the points representing ultrabasites from the Szklary
massif lie within the tectonite peridotite field, and some of
them in the ultramafic cumulate field.

The normative composition of the primary ultraba-
sites from the Szklary massif (calculated using the CIPW
method) corresponds, in general, to their modal composi-
tion. As per the IUGS diagram, harzburgites and lher-
zolites prevail, with single projection points falling within
the fields of dunites, websterites and orthopyroxenites

(Fig. 5).
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Fig. 5. Ultrabasites of the Szklary massif on the Opx-Ol-Cpx
TUGS classification diagram. 1 - field of tectonite peridotites of
the oceanic crust is marked by dotted line (after Coleman, 1977).
Abreviations to the inset frequency plot: Harz - harzburgites,
Lhrz - lherzolites, Opx - orthopyroxenites, Web — websterites,
Dun - dunites.

Differences in the primary ultrabasite composition
led to attempts to evaluate a percent share of partial melt-
ing products in a theoretical primary mantle substrate. A
similar evaluation of the melt and residue content in ultra-
basites was carried out by Bodinier (1988) for lherzolites
from the Lanzo Massif in the West Alps.

In the calculations, the following formula was ap-
plied: C, = Fx C, + (1 - F) x C,, where: C, - the theoreti-
cal composition of the Earth’s upper mantle, C, - the av-
erage composition of the ‘ophiolitic’ basalt from the West
Alps, C, - the composition of the sample studied, F - the
percent share of the partial melting products. The alcula-
tions were performed for contents of Si, Ti, Al, Mn, Mg,
Ca, Na and K. The highest repeatability of results was ob-
tained for Al, Mg and Ca.

The peridotites from the Szklary massif are character-
ised by a considerable variability (bimodality ?) of the per-
cent share of the partial melting products (F%), which
ranges from 16% to 20% (average 17%) and from 3% to
11% (average 7%). This fact implies the existence of differ-
ent possibilities for the formation of the primary phase
balance of the peridotites from the Szklary massif. Apart
from restite harzburgites, ultrabasic rocks with a high
share of partial melting products occur here. They may
represent both the relict fragments of primary mantle
(continental?) lherzolites, and ultramafic cumulates
formed in the early stages of magma chamber evolution in
the oceanic crust (Gunia, 1994a).

The trace element concentrations in the Szklary mas-
sif ultrabasites are typical of restite harzburgites with a
low content of incompatible components, e.g. Zr = 16
ppm, Y = 1 ppm, Nb = 1 ppm, Co = 100 ppm, Sc = 9.8
ppm (see Table 1). Due to the exceptionally low concen-
trations of REE in the rocks, their geochemical discrimi-
nation on multi-element patterns (spider diagrams) was
not possible.

The results of the geochemical investigations on the
ultrabasites point to a certain variability of chemical com-
position of the Szklary massif ultrabasites. It may be a re-
flection of heterogeneity of the primary substrate of the
ultrabasites in conditions corresponding to the Earth’s up-
per mantle, or may reflect their composition modification
as a result of e.g. re-equilibration caused by e.g. plastic de-
formation in the solid state.

Mineral chemistry

An electron microprobe was used to analyse olivines,
Cr-spinels, orthopyroxene, serpentine group minerals and
amphiboles. The results of the chemical analyses of repre-
sentative samples are quoted later in this chapter.

Olivines represent a high-Mg variety with a forsterite
content of about 92 vol. %. NiO concentration (0.33-0.38
wt %.) measured in the Szklary massif serpentinites resem-
bles the NiO content for ocean floor ultrabasites
(0.27-0.40 wt %; after Coleman, 1977).

For composition analysis, large accessory Cr-spinels
with ameboid shape were selected. The points analysed
were located in the central, brownish, translucent parts of
grains as well as in their opaque marginal parts. Most of
the points have a composition corresponding with chro-
mium magnetite according to the Stevens classification
(1944), and can be described by the formula:

(Crasa3772, Alozeroszs, Fe'* 675s12190) (Mguooz1.009, Fe?*o.6.
11.76s) Ona.

The composition of the sample XX/51 is different
from that of the spinel group presented above. It has con-
siderably higher Cr, Al and Mg content, and thus it can be
described as Cr-spinel (sensu Stevens, 1944).

When interpreting the composition of the Szklary
massif spinels, one should stress the drop in Cr and Mg
concentrations towards the grain margins and a simultane-
ous increase in Fe’* content. The values of the coefficient
#Cr = Cr/(Cr + Al), ranging from 0.21 to 0.48, indicate
that the spinels belong to the Aco;e type (sensu Evans &
Hawkins, 1989). This variety’s composition reflects the
heterogeneity of the initial mantle substrate, or points to
multiple modifications of its composition as a result of
melting or astenospheric “plastic flow” in the solid state
(Evans & Hawkins, 1989).

The equilibrium temperatures of the olivine - Cr-
spinel pairs, calculated using the Sack method (1982),
amount to 585-618°C (for sample XX/51 to 690°C), and
calculated using Fabries (1979) method, to 666-749°C (for
sample XX/51 to 753°C). These paleo-temperatures re-
semble the equilibrium temperatures of ol-sp pairs for the
Gogotow-Jordanéw Massif ultrabasites (618-697°C; Gu-
nia & Lebda 1994), the Braszowice-Brzeznica Massif
(630-650°C; Gunia, 1995b) ultrabasites, and ultrabasites
from the Owiesno vicinity in the Fore-Sudetic part of the
Gory Sowie Block (610-690°C; Gunia, 1994b).

An electron microprobe was also used to analyse a
fragment of an orthopyroxene prism set in an olivine
groundmass. Its enstatite content amounts to about 89%.
The pyroxene represents a low-Al variety with a relatively
high alkali content.
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Minerals analysed from the serpentine group formed
vein fillings between sharp-edged olivine relics in the ser-
pentinites with mesh (directional) texture. With regard to
their composition, they represent low-Al clinochryzotiles
which do not have an enhanced Ni content. As in Wicks
& Plant (1979), they represent a variety in which no sig-
nificant replacement of Si by Al ions took place (Gunia,
1993).

Amphiboles set in the groundmass, in the form of long
single, needles are Ca-amphiboles, and represent tremolite
with the following composition:

Caisss-1.889, (Mgs.7724778, Fe?*0177.1192) Sizo7.879 O22 (OH).

In amphibolite sample XX/6c, elevated contents of

Mn and Ni were observed.

METABASITES

Petrography

The metabasites present in the Szklary massif form
small tectonic enclosures, up to 1 meter in diameter, often
surrounded by a several-centimetre-thick chlorite contact
rim. They are visible in the walls of old excavations of the
“Szklary” nickel ore mine on the slopes of Tomickie and
Szklana Gora hills and in a dormant serpentinite quarry
on the western slope of the Siodtowe hill.

In other places, the amphibolites form narrow veins
up to 4 m long and 0.6 m thick, which are often displaced.
The contacts of the amphibolites with the surrounding
serpentinites are sharp and tectonic, with the strike orien-
tation of the contact planes varying from N-S through
NW-SE to E-W, and steep dip angles (60-90°). These me-
tabasites outcrop on the slopes of Kozmickie hill.

The geological position of the amphibolites encoun-
tered in boreholes in the western part of the Szklary mas-
sif is unclear. According to Niskiewicz (1967), these rocks
form several-tens-of-meters-thick enclosures at the contact
of serpentinites with he blastomylonites of the Szklary
massif cover.

On the basis of petrographic features, it is possible to
distinguish two varieties of the metabasites, i.e. amphibo-
lites I, with unoriented texture, and amphibolites II,
which are laminated (amphibole-feldspar schists) with a
distinctly marked directional texture.

Ampbhibolites I, with unoriented texture, are dark-
green or grey-green, locally with white spots. These rocks
have various textures, and macroscopically it is possible to
distinguish coarse-granoblastic, medium-granoblastic and
aphanitic varieties.

Under a microscope, it is possible to observe various
textures of these metabasites: from granonematoblastic,
through porphyroblastic to nematoblastic.

In the groundmass, green common hornblende pre-
dominates. Its most frequent forms are almost idiomor-
phic prisms. Locally it is accompanied by amphiboles
from the tremolite-actinolite group, which form aggre-
gates of tiny needles arranged in fan-like or hour-glass as-
semblages. In some of the samples it is possible to observe
single relicts of kaolinitised and saussuritised plagioclase
laths of andesine composition. Clinozoisite, Mg-chlorite,

titanite, pyrite and iron oxides occur in smaller amounts.

In several thin sections, relict textures resembling
ophitic or subophitic intergrowths were encountered.
These textures are composed of bent fragments of mono-
clinic pyroxene prisms (diopside augite?) intergrown with
albite twinned and strongly saussuritised plagioclases
(andesine-labrador). Most of the amphibolites of this vari-
ety were strongly deformed.

The deformation is expressed as the compression and
breaking of amphibole prisms, and as local intensive chlo-
ritisation of hornblende. Polygonal, chlorite-filled pseu-
domorphs after amphiboles are locally bent into micro-
folds. They may even have the form of typical crenulation
packs.

Ampbhibolites II with parallel texture (amphibole-
feldspar schists) occur mainly in the western and southern
part of the Szklary massif, most commonly along the con-
tact of the serpentinites with the gneisses or blastomylo-
nites of the Niemcza Zone.

Typically, these rocks are laminated, with fine-grano-
blastic texture and grey or grey-green colour. On the sur-
face of the metabasites, there are alternating layers of am-
phiboles and plagioclases. The thickness of the alternating
layers generally does not exceed 2 centimetres. In places, it
is possible to observe varieties with lenticular-augen tex-
ture or amphibolites cut by thin veins of microcrystalline
carbonate. Most commonly, the amphibole layers have
nematoblastic texture. Such textures as porphyro-,
granonematoblastic and in places lenticular-augen texture
are observed within the amphibole-plagioclase layers.

The main rock-forming component is green common
hornblende. It takes the form of flattened, up to several
millimetres long prisms. Plagioclases, with Anyss; compo-
sition, are chiefly xenomorphic or ameboidal, and in
places form albite or pericline twins. These feldspars most
commonly occur in oval aggregates composed of several
grains, which are surrounded by fine-prism amphibole
groundmass.

Accessory minerals are represented by titanite, Fe-Ti
oxides and, sporadically, by single, tiny garnet grains and
crushed zircon prisms. Locally, in zones of strong tec-
tonic deformation, secondary Ca-Mg amphiboles (tremo-
lite-actinolite) are present in the form of felty aggregates
composed of microfibres or tiny needles.

Geochemistry

The results of bulk-rock chemistry analyses imply
that the Szklary massif metabasites correspond to low-Ti
toleitic basalts (Table 1). Taking MgO content into ac-
count, it was possible to distinguish: (i) high-Mg metaba-
sites which probably originated from initial pyroxenites
(picrites?) or gabbroids; (ii) amphibolites with a moderate
MgO content originating from primary basalts or doler-
ites (Gunia, 1995a).

Due to low SiO; and alkali concentrations in the
Szklary massif metabasites, on the TAS diagram their
points fell within the fields for picrite basalts and basalts
(Gunia, 1995a). On the Jensen (1976) discrimination dia-
gram, some points were the komatiites area (Fig. 6) and
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FeO*+TiO,

Al,0, MgO
Fig. 6. Metabasites of the Szklary massif on the ALO:-
FeO™* +Ti02-MgO diagram (after Jensen, 1976). PK - komatiites,
BK - basite komatiites, HMT - high-Mg tholeiites, HFT - high-
Fe tholeiites, TA - tholeiitic basalts, TD - dacites, TR - tra-
chytes, CB - calc-alkaline basalts, CA - andesites of calc-alkaline
series, CD - dacites of calc-alkaline series, CR - rhyolites. FeO* -
total Fe calculated as FeO.
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Fig. 7. Metabasites of the Szklary massif on the V-Ti diagram
(after Shervais,1982). ARC - island arcs basalts, OFB - ocean
floor basalts.

the calculated CIPW normative composition implied that
varieties with high hypersthene and nepheline contents
predominate here.

The metabasites of the Szklary massif have low con-
centrations of incompatible elements, like Ti, Zr, Y and
Sc, and the values of the Ti/V ratio (10-25) are similar, to
those in the boninite-resembling, basalt series of island arc
or back-arc basin zones (Gunia, 1995a; Dubiniska, 1997;
Dubinska & Gunia, 1997; Fig. 7).

The multi-element diagram of trace elements shows
elevated concentrations of lithophile elements: Sr, K, Rb,
Ba, Th, while incompatible elements within Nb-Yb are
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Fig. 8. Multi-element diagrams of the Szklary massif metaba-
sites. A — values standarized to the composition of Mid-Ocean
Ridge Basalts, B - values standarized to chondrite composition.
Solid circles — coarse-grained amphibolite (W slope of Szklana
Gora hill); half-filled circles - aphanic amphibolite (S slope of the

Siodtowe hill); empty circles - laminated amphibolite (N slope of
the Tomickie hill).

strongly depleted compared to the MORB standard. The
profile of their distribution line runs almost horizontally
below the MORB standard line (Fig. 8A). According to
Pearce (1983), such an arrangement of the profile may
point to an advanced process of partial melting of the
source rocks.

On the spider diagram of rare earths, it is possible to
observe a characteristic rugged graph line. As a rule, con-
centrations do not exceed twenty-fold chondrite value
(Fig. 8B). A positive anomaly of Nd (20 x chondrite) and
Tb (10 x chondrite) concentration and a (slightly marked)
negative anomaly of Eu concentration (2 x chondrite) are
very distinct.

Thus, it can be assumed with considerable certainty,
that the initial basalts from the Szklary massif might have
formed during the advanced partial melting of the Earth’s
upper mantle material. This process usually leads to the
formation of the so-called harzburgite residue and the for-
mation of basic cumulates with a reversed crystallisation
sequence in the following order: olivine - monoclinic py-
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roxene - plagioclase - rhombic pyroxene - Fe-Ti oxides
(Beccaluva & Serri, 1988).

Another matter to explain is the relative enrichment
of the metabasites in the LILE components of supra-
subduction zones sensu Saunders & Tarney (1984). Ac-
cording to Pearce (1983), this phenomenon may have
been caused by a supply of these elements as a result of
considerable hydrated fluid activity in the plates conver-
gence zone, or it may reflect contamination by crustal ma-
terial of an ocean floor fragment in the subduction zone.
Taking the small number of samples investigated into ac-
count, it is not possible to exclude an additional secondary
enrichment under the thermal influence of acidic mag-
matic rock veins or during hydrothermal metamorphism
phenomena of the “ocean floor” type.

LEUCOCRATIC ROCKS

Petrography

Granitoids mainly occur in the north-eastern part of
the subsurface zone of the Szklary massif. According to
Niskiewicz (1967), they form an approximately 200-
metre-thick N-S striking vein.

Petrographic investigations of drill cores, carried out
by Pater (1997), revealed that fine-crystalline leucocratic
rocks are present in the form of small enclosures in the
serpentinites and their weathering cover. Their thickness
varies from a tenth of a meter to several meters. These en-
closures are frequently surrounded by contact zones (reac-
tion rims) of talc-anthophyllite, tremolite-chlorite and
chlorite schists (Dubinska, 1981, 1984).

In the northern part of the massif, leucocratic rocks
were observed on the N and SE slopes of Kozmickie hill
(borehole 297, depth 19.60 m; borehole 298, depth 19.6
and 37.0 m; borehole 315, 14.0 and 21.0 m; borehole 370,
19.8 and 36.0 m).

In the central part, aplites occur in boreholes on the N
and S slopes of Tomickie hill (borehole 51, depth 34.6,
47.4,70.5, and 80.0 m; borehole 253, depth 24.8 m), and in
the S part, their presence was observed on the N and S
slopes of Siodtowe hill (borehole 121, depth 9.5 m; bore-
hole 129, depth 25.8 m, borehole 160, depth 26.0 m; bore-
hole 173, depth 14.0 m; borehole 223, depth 31.4 m).

The results of petrographic investigations of the apli-
tes are in accordance with the results of earlier studies of
these rocks (Niskiewicz, 1967). On the basis of petrogra-
phic properties it was possible to distinguish two varieties
of acidic rocks, i.e. plagiogranites (the so-called ‘white’
aplites, sacharites) and granitoids containing hornblende
(the so-called ‘grey’ aplites).

Plagiogranites (the so-called ‘white’ aplites) are a
mono-mineral rock with fine-crystalline, unoriented tex-
ture. It typically consists of pan-xenomorphic laths or xe-
nomorphic grains of plagioclases (Ansos). Their size, in
general, does not exceed 0.5 mm. Polysynthetic albite
twinning is quite common, while pericline twins traces
are rare. Most feldspar grains display signs of cataclase and
recrystallisation.

The second variety of leucocratic rocks (the so-called

“grey” aplites) is represented by rocks with a microcrystal-
line texture, composed of plagioclases and small amounts
of quartz, microcline, biotite, green common hornblende
and accessory minerals: sphene, garnet and Fe-Ti oxides.
In their groundmass, the most common elements are pla-
gioclase grains (Ans.ss). They surround single laths of al-
kaline feldspars (microcline?) up to 5 mm in size and form
intergrowths with small quartz grains and with bent and
altered biotite flakes. Locally, plagioclases form layer in-
tergrowths with aggregates of green common hornblende
prisms. In places, plagioclases are substituted by zoisite
that has the form of single, rounded drop-like grains
growing on laths. Another mineral encountered in these
rocks is clinozoisite with typical ink-blue interference col-
ours.

The modal composition of the fine-crystalline leu-
cocratic rocks from the Szklary massif on the Q-A-P dia-
gram, according to IUGS, points to diorite/anorthosite or
quartz diorite/anorthosite.

Geochemistry

In spite of their differences in mineral composition,
the Szklary massif aplites have similar chemical composi-
tions. These rocks may be described as peraluminous
granitoids (A > CNK), which are rich in CaO and poor in
K,O and have high Na,O/KO ratio values, typical of the
type I granites (Gunia, 1996b).

Their normative composition on the Ab-Or-An dis-
crimination diagram has a distribution of projection
points concentrated chiefly in the trondhjemites field
(Fig. 9). On the R1-R2 diagram (Betchelor 8 Bowden,
1985; not shown) these rocks may be classified as post-
orogenic varieties from post-collision uplifts. The
alkaline-calcium or calcium values of the Peacock index
are also worth stressing.

Anorthite

Albite Orthoclase

Fig. 9. Normative composition of the Szklary massif aplitic
rocks in the system Albite-Anorthite-Orthoclase. A - tonalite, B
— granodiorite, C - adamellite, D - trondhjemite, E - granite.
Empty circles - “white” aplites; half-filled circles - “grey” aplites.
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granites. A - values standarized to the composition of ocean ridge
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chondrites. Sample symbols as on Figure 9.

On the ORG-normalised multi-element diagram, the
course of the Szklary massif aplite profile line implies en-
richment in K, Ba and Th, while Ta concentration varies
compared to the standard level. The rocks studied are
strongly depleted in Hf, Zr, Sm, Y and Yb and the profile
line runs below the standard line (Fig. 10A). Such deple-
tion, in connection with selective enrichment in Th and
Ba, is a typical feature of plagiogranites related to tholei-
ites of island arcs (Pearce et al., 1984).

On the spider diagram of rare earths it is possible to
observe an inclined profile line with a maximum enrich-
ment in LREE, reaching 100 x chondrite value, a small
negative anomaly of Eu and HREE concentration corre-
sponding to 10 x chondrite (Fig. 10B).

The results of geochemical studies of the Szklary mas-
sif plagiogranites seem to confirm the hypothesis that
they represent trondhjemites formed in the island arc en-
vironment. A certain similarity of their geochemical fea-
tures to those of metabasites implies that these rocks may
represent more acidic derivates formed as a result of frac-
tional crystallisation of the same initial basic magma.

RODINGITES

Petrography

Rodingites in the Szklary massif are rare. On the sur-
face, they are most commonly found in rock fragments as
oval bright enclaves, up to 0.5 m in size, surrounded by a
several-centimetre thick, fine-acicular amphibole contact
rim.
These rocks probably represent primary tectonic en-
claves in serpentinites and are found in outcrops on the S
slope of Tomickie hill (Heflik & Natkaniec-Nowak,
1987).

On the basis of petrographic properties, it was possi-
ble to distinguish two varieties of Ca-rich metasomatic
rocks in the Szklary massif: 1) rodingites with a preserved
relict ophitic texture, composed of grossular, clinozoisite,
Mg-chlorite, clintonite and spinel with pleonaste compo-
sition, and 2) the so-called rodingitised gabbroids, in
which apart from the minerals listed above, there are: cli-
nopyroxene, hornblende, epidote, and garnet with an in-
termediate composition between grossular, almandine
and pyrope (Dubinska et al., 1991).

The author carried out petrographic studies on rodin-
gite samples from drill cores from boreholes situated on
the eastern and southern slopes of Siodtowe hill (borehole
205, depth 22.5 m; borehole 256, depth 47.0 m and 56.2 m,
and borehole 268, depth 60.0 m). Geological interpreta-
tion of data from these boreholes implies that rodingites
form irregular (finger-like?) or lenticular enclosures in the
amphibolites, and that their thickness is below 1.5 m.

The rodingites from the E slope of Siodtowe hill are
grey-pink and frequently cut by brown veins. Their tex-
ture is aphanitic and unoriented. Under a microscope one
can observe that in the fine-granoblastic rock groundmass
the most abundant component is isotropic garnet (grossu-
lar?) which has the form of isometric, framboidal grains,
with a size from 0.4 to 0.6 mm. The veins are filled with
brown, fine-prismatic vesuvian.

The rodingites outcropping on the southern slope of
Siodtowe hill are grey-green and have coarse-granoblastic
and in places porphyroblastic texture. Locally, their tex-
ture is clearly directional, and in some places banded. Un-
der a microscope, it is possible to notice alternating lami-
nae composed of bigger clinopyroxene prisms and por-
phyroblastic aggregates containing various amounts of
epidote, clinozoisite, garnet (grossular?) and adispersed
flaky mineral, probably light mica (clintonite?).

Geochemistry

Due to their rarity, the rodingites have not been a sub-
ject of detailed geochemical investigations. Several full
analyses of these rocks from drill cores on the E and S
slopes of Siodtowe hill (Gunia, 1996a) were made, as were
trace element and rare earth determinations for a rodin-
gite sample from an outcrop in the central part of the mas-
sif (Dubinska, 1997).

The interpretation of these results points to a substan-
tial supply of CaO and depletion in Ti relative to the
probable composition of the protolith (gabbroic?). In Du-
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binska (1997), a genetic relationship (comagmatism?) is
also stressed between the amphibolite and rodingite pro-
tolith from the Szklary massif. The proof for such a rela-
tionship might be the linear trends of points distributed
on Yb-Lu and Dy-Y two-component diagrams. The
strong depletion of the rodingites in HREE and variabil-
ity of the Zr/HIf ratio reflect the low oxygen fugacity dur-
ing the extraction of the initial melt. This indicates separa-
tion of the rodingite protolith from a HREE-poor source
(Dubifska, 1997).

The results of fluidal inclusions studies on the miner-
als from the Szklary massif rodingites imply that the
maximum temperature of metamorphism did not exceed
400°C (diopside formation). In the next stage, secondary
grossular, epidote and clintonite formed at temperatures
of 300-370°C (Dubinska, 1997).

These temperatures correspond, in principle, with the
typical temperatures for the serpentinisation of ultraba-
sites in the greenschist facies of regional metamorphism.

CONCLUSIONS

The review of the petrological features of the Szklary
massif rocks, based on the available data on mineral and
chemical composition, points to variability in the serpen-
tinite protolith. The variable concentration of ALO;, a
rather non-mobile component in ultrabasite metamor-
phism processes, may reflect the heterogeneity of the ini-
tial mantle substrate, generated at different intersection
levels.

The most primitive initial material, least depleted in
easy-melting constituents, could be high-Al lherzolites,
which afterwards, during partial melting, released a sig-
nificant proportion of tholeiitic melt.

This process led to the formation of low-Al harzbur-
gites — a residue after basaltic magma generation. In their
subsurface parts, these peridotites could have become im-
pregnated with a rest melt with a higher Mg content, crys-
tallising in the form of high-temperature pyroxenite
dykes.

Interestingly, from a petrological point of view, there
are enclaves of high-Mg metabasites strongly depleted in
incompatible elements. Garnet-bearing peridotites could
have been a source of such magmas, although, during the
transport of the magmas from their source, the propor-
tion of lithophile constituents increases.

Environments that are particularly favourable for
such alterations are lithospheric plate contacts. In such
zones, the intensive action of fluids rich in water vapour
alters the initial element concentrations, causing enrich-
ment in certain elements and depletion in others. The
main mechanisms of these alteration types are, according
to Pearce (1983), intermingling and remelting.

Enclaves of hornblende-rich plagiogranites (trondh-
jemites) in the serpentinites, might have formed from
acidic derivates of basic magmas. Thus, it is possible to dis-

tinguish several acid vein rock varieties of different origin
in the Szklary massif. Among these varieties there are
aplites, crystallised during the magmatic evolution of the
ophiolites, leucocratic vein rocks genetically related to the
Niemcza Zone granitoids, and acidic fine-grained enclo-
sures of aplitoids that originated from blastomylonites of
the Szklary serpentinite massif cover.

The complexity of phenomena of the ultrabasic rock
tectono-metamorphic evolution is expressed by the pres-
ence of structures formed during high-temperature plastic
flow in the solid state, on which a low-temperature meta-
morphism was imposed. This metamorphism resulted in
the penetration of fissures in the initial peridotites by vein
serpentine; local zones, rich in vein serpentine were
formed.

Moreover, in the Szklary massif serpentinites, rodin-
gites occur, representing enclaves of basic or more acidic
rocks, the initial mineral composition of which became al-
tered by serpentinisation processes. This can mean that
the initial rocks for the rodingites entered the serpen-
tinites before the main metamorphic event.

The source of their material is, however, unknown. It
is unclear whether it was autochthonous, or came from
the erosion of other crystalline massifs (circum-Gory
Sowie Block ophiolites, Géry Sowie Block gneisses).

However, it should be stressed that due to lack of
data, this paper presents only some of the problems of the
petrology of the rocks composing the Szklary massif of
the Fore-Sudetic Block. An explanation of other issues
and a more precise justification of the presented (working)
hypotheses will only be possible after new results have
been obtained from structural and petrographic studies,
and new rock and mineral composition determinations
and isotopic analyses and datings have been carried out.
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