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PALEOTECTONIC SETTING OF THE CIRCUM-KARKONOSZE
LOWER PALAEOZOIC SPLILITE-KERATOPHYRE SUITES
BASED ON GEOCHEMISTRY OF IRON GROUP ELEMENTS

(8 Figs.)

Pozycja paleotektoniczna wokdtkarkonoskich dolnopaleozozcznych
serii spilitowo-keratofirowych w Swietle geochemii pierwiastkow
grupy zelaza

(8 fig.)

Abstract: Distinct differences in statistical parameters of distributions of
Ti, Cr and Wi, as well as in total FeO and TiO, versus FeO/MgO trends in
metabasic rocks of Lower Palaeozoic spilite-keratophyre suites of the Goéry Ka-
czawskie Mts. and of the Rudawy Janowickie-Lasocki Grzbiet range are interpre-
ted on the basis of recent data on geochemical diversity of basalts originated under
different tectonic isetting.

It is concluded that spilitic and associated volcanics of the Goéry Kaczawskie
Mts. are geochemically corresponding to the present Hawaiitic within-plate ocean-
-island basalts, whilst those of the Rudawy Janowickie-Lasocki Grzbiet range
(representing E part of the SE metamorphic mantle of the Karkonosze granite) —
to island-arc tholeiites, genetically connected with Benioff zones.

This conclusion is supported by various geological data and by the occurrence
of traces of glaucophane schist belt at the outer boundary of the SE part of
metamorphic mantle of the Karkonosze granite. :

Lack of typical ocean rnidge basaltic series in this part of the Variscan
geosyncline suggests the possibility of only local and small-scale oceanization
preceding the formation of active arc-trench system in question.

INTRODUCTION 7
Rapid development of investigatoins of basic volcanic rocks occurring
and formed in different tectonic environments resulted in estabﬁshmg
their, formerly not appreciated, but rather distinct geochemlcal pecuh—
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arities (Chayes and Velde, 1965; Floyd and Winchester, 1975; Garcia,

1978; Green, 1973; Herrmann et al. 1974, Jake§ and White, 1972; Kushiro,

1973; Kutolin, 1972; Miyashiro, 1974; Pearce and Cann, 1973; Pearce,

1976; Kuzmin and Popolitov, 1978).

When accepting plate-tectonic approach to this problem, which con-
siderably stimulated very rapid progress in this branch of petrology,
we may distinguish the following types of basaltic rock series (Pearce
and Cann, 1973; Pearce, 1976): ,

1. Ocean-floor basalts (OFB) or, more precisely, ocean-ridge tholeiites
(ORT) erupted at diverging plate margins within mid-oceanic ridges
or within small basins formed behind island arcs.

2. Ocean-island basalts (OIB) formed within oceanic plates and ranging
from tholeiitic to alkalic types (Hawaiitic within-plate basalts).

It should be emphasized that these two geochemically slightly differ-

ing basalt series (1 and 2) are by some authors (Miyashiro, 1974)

treated together as so called abyssal tholeiites (AT).

3. Island-arc tholeiites (IAT), also called low-K tholeiites (LKT) erupted
at converging plate margins close to deep-ocean trenches during the
initial stage of formation of island arc-trench systems (eg. Tonga
islands). .

4. Calc-alkali basalts (CAB) erupted at converging plate margins above
Benioff zones but on continental crust, rather distant from the trench
and in more mature stage of development of island arc (eg. Java,
Kamchatka, Kurile islands).

5. Shoshonites (SHO) — K-rich trachybasalts erupted in senile stage
of evolution of island arc-trench systems, usually far behind the
trench (eg. Papua, N. Guinea, Stromboli and Vulcano in Eolian isl.)

6. Continental basalts (CON), ranging from tholeiitic to alkalic in com-
position, erupted in within-plate setting, mainly at continental rifts.
When dealing with the problem of tectonic setting of Lower Silesian

spilite-keratophyre suites we are, obviously, interested in the series orig-

inated in oceanic and circum-oceanic environments i.e. in the first four
types of basaltic rocks distinguished. Their most important geochemical
characteristics, selected by the present author from recent data sum-
marized by Kutolin (1972), Condie (1976) and Pearce (1976), are presen-

ted in table 1.

As far as transitional elements of the iron group (3d) are concerned,
inspection of these data clearly indicates that the most important dif-
ferences consist in statistical parameters of distribution of Ti, Cr and
Ni, as well as of FeO/MgO ratio. Among other elements, island-arc ba-
salts distinguish by higher Si and Al and lower Mg contents. Besides,
alkali and calc-alkali basalts are distinctly enriched in potassium and
phosphorus. Petrogenetically very important differences in abundances
of other immobile trace elements called ,,incompatible”, as Zr, Y, Nb
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and TR are not presented and discussed in this paper since they have
not yet been determined in the rocks under consideration.

As already mentioned, all these geochemical features reflect different
tectonic conditicns of the above mentioned basaltic magma types. The
proposed models are based not only on plate-tectonic assumptions but
also on experimental studies on partial melting of mantle material (py-
rolite) under different p-t conditions both in anhydrous and water-bear-
ing systems (Kushiro, 1973; Green, 1973). Summarizing very briefly the
actually available data, it is supposed that during large-scale mantle
diapirism within ocean ridges, rather high-degree (> 20%) partial melt-
ing at relatively shallow depths (40—60 km) under anhydrous condi-
tions produces the common tholeiitic magmas. Because of rather short
migration before eruption they are subjected to moderate fractionation
and thus abound in trace elements of the iron group (Cr amnd Ni, to
lesser extent Ti). Ridge magmatism is predominantly non-violent, effus-
ive in character. ‘ .

In oceanic island chains, situated within oceanic plate (e.g. the Ha-
waiians), there occur individual eruptive centres consisting mainly of
tholeiitic and, partly, alkali basalts which, following recent data, slightly
differ geochemically from those of ocean ridges. Magmatic activity in
such environments is supposed to be due to local thermal disturbances
in the low-velocity zone of the mantle (hot spots) probably caused by
tensional failure of the overlying lithosphere which also allows the
upraisal of produced lavas, accompanied by more pronounced different-
iation. Alkali basalts of ocean islands are, most probably, the products
of low-degree partial melting (<< 20%) at higher depths (> 50 km). Con-
sequently these magmas are most abundant in Ti and P, as well as in Cr
and Ni, amongst all the basalts in question. According to available obser-
vations, ocean-island volcanism is mainly effusive in character.

Completely different and much more diversified conditions of ba-
saltic magma generation are those governing in arc-trench systems, con-
nected with complex processes taking place at the convergent plate con-
tacts along Benioff zones. Because of very diversified t and p distribu-
tions in these systems and the presence of waterJbearing sedimentary
envelope of subducted slab, the partial melting phenomena may take
place either in peridotite of lithospheric wedge overlying the Benioff
zone or within basaltic layer of the upper part of descending plate. In
the former case this process is caused mainly by upward migration of
released water and the basaltic magma, formed by 20—30% partial mel-
ting, leaving residual olivine, orthopyroxene and ore minerals during
fractionation, is tholeiitic in character. Specific conditions of its origin
is reflected in different geochemistry of these rocks when compared
with those of ocean ridge and ocean island tholeiites e.g. considerably
lower contents of trace elements of the iron group (Ti, Cr, Ni).



— 6 —

In later stage of island-arc evolution, partial melting of basic source
material in the slab at higher depths may produce calc-alkali magmas,
ranging from basaltic to andesitic and dacitic in composition. According
to Ringwood’s model (1974), the liquids formed in dehydrated slab at
100—150 km, being of rhyolitic composition, only rarely reach directly
the surface. They are predominantly reacting with overlying pyrolite
to produce wet pyroxenite diapirs which by partial melting during
uprise yield a wide range of calc-alkali magmas showing high K/Na
ratios, fractionated RE patterns and abounding in incompatible ele-
ments. When uprising, these magmas are subjected to fractionation.

Besides, upward migration of volatiles from dehydrating subducted
slab into the overlying thickened continental crust may cause mobili--
zation of low-melting fractions, resulting in the formation of acid vol-
canics, migmatites, gneissic domes and granitoids.

Another possible setting of basaltic magma generation is related with
small basins with bottom consisting of intermediate oceanic-continental
crust, formed behind arc-trench systems above the deepest parts of Be-
nioff zone (eg. Japan Sea in the Pacific or Thyrrenian Sea in the Me-
diterranean). Within central parts of such basins small-scale mantle
diapirism may take place producing, as already mentioned, tholeiites,
showing geochemistry close to that of ocean-ridge basalts.

No matter of recent progresses in our knowledge of submarine and
circum-oceanic volcanic phenomena, there are still very controversial
opinions concerning one of the topics of modern petrology — possible
geological settings and origin of ophiolitic associations in general and
of its specific partial equivalents — spilite-kerytophyre suites in parti-
cular (Coleman, 1977). Actually, the majority of petrologists, following
plate-tectonical viewpoint, indicates ocean-ridge environment as the most
probable place of origin of all the three members of Steinmann trinity:
metamorphic persidotites, ultrabasic-basic cumulates and basaltic volcan-
ics, usually showing mutual tectotnic contacts. Nevertheless, even such
,,classical” ophiolitic complex as the well known Troodos in Cyprus is
recently interpreted by several authors, on the ground of geochemical
data, to be formed in island-arc system (Miyashiro 1973) or within
back-arc basin (Pearce, 1975). It is thus very probable that various mem-
bers of ophiolitic suite mdy originate in different tectonic settings. The
same refers to rocks of spilite-keratophyre association which, in some
authors opinion (Zwart, 1967, Rocci and Juteau, 1968}, is Hercynotype
equivalent of Alpinotype ophiolitic series. - ' ’

Taking into account the above presented recent data on basalt types
erupted in different geological environments, numerous authors are
attempting to apply their different geochemical characteristics as crite-
ria for distinguishing the tectonic settings of usually more or less altered
Cenozoic and even Palaeozoic metabasaltic rock series. When examining
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in this respect ancient volcanic rocks, major element abundances which
are useful in discriminating magma types of recent basalts (Pearce,
1976) are of very limited value because of their sisceptibility to modi-
fication even during low-grade metamorphism. Consequently, all the
discussed petrological reconstructions are based on these minor and trace
elements abundances which are insignificantly affected by secondary
alteration processes.

Chayes and Velde (1965) were the first to indicate the important
role of Ti content in discriminating basalts of circumoceanic and ocean-
-island type. Detailed geochemical studies in the last few years allowed
to find definite groups of immobile trace elements considerably increas-
ing the possibilities of geochemical distinction between basalts of dif-
ferent origin (Floyd and Winchester, 1975; Gale and Roberts, 1974; Gar-
cia 1978; Glassley, 1974; Herrmann et al. 1974; Jake$ and White, 1972;
Miyashiro and Shido, 1975; Pearce et al. 1975; Ricci and Sabatini, 1978;
Smith and Smith, 1976; Winchester and Floyd, 1976 etc.). The majority
of these authors used such immobile and incompatible elements as Zr,
Nb, Y and REE for discriminating magma types of ancient more or less
altered basic rock series.

Among other immobile trace elements, used as petrogenetically diag-
nostic ones, titanium, chromium and phosphorus were recently found
to be very convenient (Chazen and Vogel, 1974, Gale and Roberts, 1974;
Glassley, 1974; Pearce, 1975; Pearce et al. 1975; Riccl and Serri, 1975 etc.).
The first two of them are typical representatives of transitional elements
of the (3d) iron group showing specific geochemical properties (Nareb-
ski, 1968a). By contrast to the above incompatible elements, tending to
remain in liquid phase during partial melting or fractionation processes,
they participate (similarly as P) in the latter process either forming early
precipitated own minerals (ilmenite, chromite, apatite) or entering crys-
tallizing mafic phases. Therefore, their content and behaviour can be
diagnostic for the origin and evolution of paleobasaltic and spilitic rock
series (Narebski, 1968a, b), especially when compared with variation of
FeO/MgO ratio (Miyashiro, 1973).

One of the most important results of the present author’s geochemical
studies of the Lower Silesian spilite-keratophyre series consisted in
finding distinctly different statistical distribution parameters and cor-
relations of trace elements of the iron group in pillow lavas of the
Gory Kaczawskie Mts. when compared with metabasic rocks of the
Leszczyniec Volcanic Formation of the Rudawy Janowickie-Lasocki
Grzbiet range (Narebski, 1964, 1968, 1974; Narebski and Teisseyre, 1971).
The scope of this paper is to interpret different geochemical features of
these two neighbouring Lower Palaeozoic initial volcanic series in terms
of modern theories of origin of basaltic magmas in various tectonic
environments.
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GENERAL GEOLOGICAL SETTING OF THE CIRCUM-KARKONOSZE SPILITE-
-KERATOPHYRE SUITES

There are two initial volcanic rock series actually grouped around
the Karkonosze granite massif (Fig. 1). The older of them, probably
Upper Cambrian greenschist complex, belongs to one of the largest
geosynclinal series of West Sudetes — the lower structural member of
the Géry Kaczawskie Mts. The younger one is represented by probably
Upper Silurian metavolcanic rock association of the Leszczyniec Forma-
tion. In J. H. Teisseyre’s (1968) opinion, accepted by the present author,
this series represents the NE continuation of less metamorphosed but
very similar volcanites of Zelezny Brod and Rychorské Hory crystalline
complexes and thus belongs to the same S-SE metamorphic mantle of
the Karkonosze granite. The differences in metamorphic grade are due
to variable distance of various parts of this volcanic rock association
from the marginal zone of granitic intrusion (Fig. 1).
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Fig. 1. Geological sketch map showing the position of Lower Palaeozoic spilite-
-keratophyre suites and their relations with other geological units of the Karko-
nosze region. 1 — granitoids, 2 — metamorphic rocks, 3 — Upper Cambrian (?)
spilite-keratophyre suite, 4 — Upper Silurian spilite-keratophyre suite; 5 — mica
schists and phyllites; 6 — Devonian-Lower Carboniferous deposits; 7 — Carboni-
ferous-Permian deposits, 8 — Permian deposits; 9 — Upper Cretaceous series;
10 — Czarnéw schist formation; 11 — Leszczyniec volcanic formation; 12 — glau-
cophane ischists; 18 — ultrabasites

Fig. 1. Szkic geologiczny przedstawiajacy polozenie dolnopaleozoicznych serii spili-
towo-keratofirowych i ich stosunek do innych jednostek geologicznych w rejonie
karkonoskim. 1 — granitoidy; 2 — skaly metamorficzne; 3 — gornokambryjska (?)
seria spilitowo-keratofirowa; 4 — goérnosylurska seria spilitowo-keratofirowa; 5 —
tupki mikowe i fylity; 6 — osady dewonskie i dolnokarbonskie; 7 — osady karbon-
skie i permskie; 8 — osady permskie; 9 — seria gornokredowa; 10 — formacja
lupkowa Czarnowa; 11 — formacja wulkaniczna Leszczynca; 12 — ltupki glauko-
fanowe; 13 — ultrabazyty
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Detailed geological and petrographical characteristics of these both
series are given elsewhere (Fediuk, 1962; Svoboda and Chaloupsky,
1966; H. Teisseyre, 1967, Narebski, 1964, 1968a, 1974; Narebski and
Teisseyre, 1971; J. H. Teisseyre, 1968 a, b, 1973 etc.) and in this paper
only these data will be presented which are directly connected with the
problém under consideration.

SPILITE-KERATOPHYRE SUITE OF THE GORY KACZAWSKIE MTS.

The Greenstone Formation in question overlies, according to up to
date opinions, the Lower to Middle Cambrian Wojcieszow limestones
representing various litofacial varieties but, in general, indicating some
sea-bottom elevation (H. Teisseyre, 1967; Baranowski, 1977). Metavolca-
nic formation is overlain by Ordovician flyschoid deposits containing
- subordinate basic igneous rock intercalations whilst the highest Silurian
sequence, also containing some metadiabases, is rather pelagic in char-
acter (metalydites, pelitic deposits). In general, geosynclinal deposits
of the Gory Kaczawskie Mts. are predominantly aleuritic and pelitic in
character, whereas psammites occur in subordinate amounts. The Green-
stone Formation in question displays variable thickness — from ca.
9000 m in the east to nearly complete disappearance in the west. It
consists predominantly of greenschists resembling basaltic tuffites and
spilitic lavas showing locally pillowed forms (Narebski, 1964). Basic

An

pe 80
FWN >

Oceanic

Ab Oor

Fig. 2. Ab-Or-An diagram showing the difference in Na: K: Ca ratios in acidic:

rocks of the circum-Karkonosze spilite-keratophyre associations. Symbols: 1 — Pa-

czyn gneisses; 2 — keratophyres of the Leszczyniec Formation; 3 — keratophyres

of the G. Kaczawskie Mts.; 4 — metavolcanics of the Klodzko crystalline complex

(for comparison). Ocean plagiogranite, trondhjemite and continental granophyre
fields after Coleman (1977, p. 51 fig. 17)

Fig. 2. Wykres Ab-Or-An ilustrujgcy odmienne stosunki Na:K:Ca w skatach

kwasnych wokoétkarkonoskich serii spilitowo-keratofirowych. Symbole: 1 — gnejsy

paczynskie; 2 — keratofiry formacji Leszczynca; 3 — keratofiry G. Kaczawskich;

4 _ skaly kwasne krystaliniku klodzkiego (poréwnawczo). Pola plagiogranitow

oceanicznych, trondhjemitéw i granofirow kontynentalnych wg Colemana (1977,.
fig. 17)
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volcanics are accompanied by less abundant but very diversified acidic
ones, represented eg. by predominantly potassic keratophyres (Fig. 2).

Our knowledge of geochemistry of this thick volcanic series is far
from being complete. The present author’s data refer to pillowy varieties
occurring along and across the whole range of the Goéry Kaczawskie
Mts in all its tectonic units (Narebski 1964) but representing a peculiar
type of paleobasaltic lavas of this formation. Other chemical data con-
tain but major element contents and, therefore, are of limited value for
reconstructing the environment of origin of the series in question. Nev-
ertheless, even on the ground of detailed study of pillow lavas in
question it was possible to establish two-stage of submarine volcanic
activity in this area whereby the first was normal basaltic in character
whilst the products of the second displayed distinct spilitic trend. Such
evolution was supposed to be due to alkali-volatile diffusion differentia-
tion of parent basaltic melts (Narebski 1964). Small hornblende perido-
tite neck occurring in S part of the Goéry Kaczawskie Mts is genetically
connected with Inner Sudetic Fault zone (J. H. Teisseyre, 1966).

Petrogenetically most important geochemical data concerning the
Tocks in question are presented in Table 2.

VOLCANIC SERIES OF SOUTH-EASTERN PART OF METAMORPHIC MANTLE
OF THE KARKONOSZE GRANITE

Two larger complexes of metavolcanic rocks occur within this arc-
-shaped geological wunit, considered by J. H. Teisseyre (1968) to be
equivalent in primary lithology and age. The southern is that of Zelezny
Brod while the eastern complex is actually located at the E slopes of
the Rudawy Janowickie-Lasocki Grzbiet range. In the former area se-
dimentary rocks accompanying volcanics are less metamorphosed and
dated. According to Fediuk’s (1962) data, volcanic activity in this region
started already in Ordovician period, being represented by small syn-
sedimentary extrusions embedded in Tremadocian roofing phyllites and
by fine intercalations of tuffites and sporadic of metadiabases in
overlying pelitic and psammitic rocks as well as in graptolithic Lower
Silurian metalidyte-bearing phyllites. Considerable increase of intensity
of magmatic phenomena took place nearly simultaneously with the appear-
ance of Wenlockian carbonate sedimentation, being manifested by mass
eruptions of basic pyroclasts mixed with carbonates to form calcareous
and dolomitic tuffites. In NE part of this region volcanic material was
deposited together with detrital one to form tuffaceous chlorite-sericite
phyllites. In the later stage of basic volcanism, effusive activity domi-
mnated in this area, being followed by rapid change of chemical character
©of lavas into keratophyric ones. The final stage of magmatism con-
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sisted in re-appearance of mafic lavas, followed again by closing weak
effusions of acidic products.

In Fediuk’s opinion, two rather small ultrabasic rock bodies, occurring
in the Zelezny Brod region, represent post-metamorphic intrusions, pe-
trogenetically related with volcanic Upper Silurian series.

For the present study it is very important to emphasize that pyrocla-
stic rocks represent ca. 35% of the complex and greenschist of probably
tuffaceous origin — ca. 47%, whilst distinctly effusive basic and acidic
rocks — only ca. 14%.

Metavolcanic series of the Rudawy Janowickie-Lasocki Grzbiet range
is the northern continuation of Lower Palaeozoic complex of the Ry-
chorske Hory Mts. and, no matter of higher metamorphism, displays
evident analogies with the Silurian-Ordovician sequence of S Karkono-
sze (Zelezny Brod complex). Thus, diopside-bearing and other striped
amphibolites of the Czarnéw Schist Formation of the Rudawy Janowi-
ckie group are, in J. H. Teisseyre’s (1968a) opinion, metamorphic equiv-
alents of basic tuffites with calcareous and dolomitic intercalations of
the Zelezny Brod complex. This conclusion also results from unusually
high CaO and MgO contents in these rocks (Table 3). Potassium-rich
leptynites occurring in the top part of this formation are possible meta-
morphic equivalents of acidic tuffites.

The complex of structurally overlying Leszczyniec Volcanic Forma-
tion consists of both basic and acidic more or less metamorphosed lavas,
eruptives, dykes, tuffs and tuffites, corresponding in composition to
spilite-keratophyre suite (Narebski, 1968; Teisseyre, 1973). Chemical com-
positions of typical metavolcanics of this formation are presented in
Tables 4 and 5. The Paczyn gneisses, accompanying these volcanics, are
interpreted by Narebski and Teisseyre (1971) as intrusions of anatectic
leucogranitic magma, very close in composition to that of nearly coeval
keratophyres, corresponding to typical oceanic plagiogranites (Fig. 2).
and thus, contrary to potassic acidic lavas of the Gory Kaczawskie Mts.,
being distinctly sodic in character.

PALEOTECTONIC ‘INTERPRETATION OF GEOCHEMISTRY OF THE IRON
GROUP ELEMENTS

The striking differences in average contents, variation coefficients
and correlations of transitional 3d element of the iron group have been
already emphasized and statistically evaluated by the present author
" (Narebski, 1974). In the light of new data on specific geochemical fea-
tures of basalts originated in various tectonic settings (Table 1) these
facts are, unquestionably, of petrogenetical importance.

Statistical parameters of frequency distributions of elements in the
circum-Karkonosze spilite-keratophyre suites are presented in Table 6,
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whilst their compositional variations in terms of Alk-FeO-MgO ratics —
in Fig. 3. Let us illustrate these differences using several discrimination
diagrams proposed by Miyashiro (1973), Glassley (1974), Pearce et. al.
- (1975) and Pearce (1975).

Alk

Fig. 3. AFM diagram showing evolution trends of metabasic rocks of the circum~

-Karkonosze spilite-keratophyre suites. Symbols: K — G. Kaczawskie Mits.: 1 —

pillowed lavas (centres); 2 — greenschists; R — Rudawy Janowickie-Lasocki Grzbiet

range: 3 — albite metadiabases, spilites, greenschists; 4 — striped amphibolites;

5 — Paczyn amphibolites. Dotted curve — boundary between tholeiite and calc-
alcali basalt trends (TH and CA respectively)

Fig. 3. Wykres AFM obrazujacy trend ewolucji sktadu metabazytéw wokétkarko-

noskich serii spilitowo-keratofirowych. Symbole: K — G. Kaczawskie: 1 — lawy
sferoidalne (Srodki); 2 — zielefice; R — Rudawy Janowickie i Grzbiet Lasocki:
3 — metadiabazy albitowe, spility, zielence; 4 — amfibolity smuzyste; 5 — amfi-

bolity paczynskie. Krzywa kreskowana oddziela pola zmiennosci toleitéw (TH)
i bazaltéw wapienno-alkalicznych (CA)

General inspection of these plots indicates that both the series are
rather tholeiitic in character but evolution trend of the Kaczawskie Go-
ry Mts. metabasites follows that of abyssal tholeiites (Miyashiro, 1973),
whilst that of metavolcanics of the Rudawy Janowickie-Lasocki Grzbiet
range closely resembles the trend of island-arc basalts (Fig. 4).

These tendencies are much better pronounced when applying the
most distinctive iron group element — titanium (Fig. 5). Using Miyashi-
ro’s diagram supplemented by Glassley’s data and those plotted by the
present writer (after Kutolin, 1972), it is possible to discriminate not
only between IAT and AT but also, within the latter ones, between
ocean-island basalts (OIB — ranging from tholeiitic to alkalic varieties)
and ocean-ridge tholeiites (ORT). It is quite evident that the projection
points of the Gory Kaczawskie Mts. pillowed lavas are grouped nearly
entirely within the field of ocean-island basalts whilst all the varieties
of metabasites of the Rudawy Janowickie-Lasocki Grzbiet range —
within that of island-arc tholeiites (Fig. 5).

This conclusion is confirmed by introducing another distinctive ele-
ment — phosphorus, the content of which in basic magmas (similarly as
that of titanium) depends on the percent of water in original melt,
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Fig. 4. Vaziation of total FeO with FeOiot/MgO ratio in metabasic rocks of the-

circum-Karkonosze spilite-keratophyre suites. Rock symbols as in Fig. 3. AT —

abyssal tholeiite trend, IAT  — island arc tholeiite trend. TH/CA — boundary

line between plots of rocks of tholeiitic and calc-alkalic series (after Miyashiro-
1973, 1974) .

Fig. 4. Zmienno$¢ catkowitego FeO wzgledem stosunku FeOcatk/MgO w metabazy-

tach wokotkarkonoskich serii spilitowo-keratofirowych. Symbole skal jak w Fig. 3.

AT — trend toleitéw abyssalnych, IAT — trend toleitow tupkoéw wyspowych,.

TH/CA — linia odgraniczajgca pola zmiennosci serii toleitowej i wapienno-alka--
licznej (wg Miyashiro 1973, 1974)

~ =<2 FeO/MgO
1,0 2,0 30 10 20 30

Fig. 5. Variation of TiO, with FeOiot/MgO in metabasic rocks of the spilite-kera--
tophyre suites in question. Symbols of rock types as in Fig. 3. AT and IAT —
lines showing abyssal and island arc tholeiite trends respectively (after Miyashiro
1973, 1974). OIB, ORT and IAT — ocean island basalt, ocean ridge tholeiite and arc
tholeiite fields (after Glassley 1974). Alk and TH — average plots of alkalic and’
tholeiitic OIB respectively (after Kutolin 1972). »
Fig. 5. Zmienmo§¢ zawartoSci TiO, ze stosunkiem FeOcak/MgO w metabazytach
omawianych serii spilitowo-keratofirowych. Symbole skal jak w fig. 3. AT i IAT —
linie trendéw zmienno$ci toleitéw abyssalnych i lupkéw wyspowych. OIB, ORT'
i IAT — pola bazaltéw wysp oceanicznych, toleitow grzbietow érodoceanicznych
i toleitow lukow wyspowych (wg Glassleya 1974). Alk i TH — $rednie dla alka--
licznych i toleitowych odmian OIB (wg Kutolina 1972)

depth of partial melting and fractionation degree of silicate phases since:
P and Ti are the only incompatible ones forming own early-stage mine-
rals (Chazen ahd Vogel, 1974). In TiO,/P,05 diagram (after Ricci and’
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Serri, 1975, supplemented by the present author — Fig. 6) we also
observe distinct separation of OIB field from that of less variable ORT
and IAT-CA series, as well as from continental basalt field (CON).

P,0
0,7[ 2.°
(%)
0,51
0,3r
2,085
o
r OCABXA O
O,1t lATng ORT °
=y 110, (%)
1 2 3 4

‘Fig. 6. TiO,-P,0; diagram for metabasic rocks of the series in guestion. CAB —
everage calc-alkaic basalt, CON — continental basalt field (TH — average tholei-
itic, Alk — average alkalic) (after Kutolin 1972); ocean island basalt (OIB) field
) after Ricci and Serri 1975. Other symbols as in previous figures

Fig. 6. Wykres TiO,-P,O; dla metabazytéw omawianych serii. CAB — $redni ba-
zalt wap.-alkaliczny, CON — pole bazaltéw kontynentalnych (TH — $rednia dla
odmian toleitowych, Alk — $rednia dla odmian alkalicznych) (wg. Kutolina 1972);
pole bazaltéw wysp oceanicznych OIB wg. Ricei i Serri (1975). Inne symbole skat

jak w poprzednich figurach

Table — Tabela 6

Average chemical compositions and parameters of frequency distributions of ele-
ments of metabasic rocks of the Circum-Karkonosze spilite-keratophyre associa-
tions (in wt. % and ppm)

Sredni sklad chemiczny i parametry rozkladéw liczebnosci pierwiastkéw metaba-
zytow wokotkarkonoskich serii spilitowo-keratofirowych (w % wag. i ppm)

d ickie-L i iet
Rudawy Janowickie-Lasccki Grzbie Gory Kaczawskie Mis.
range
. N 1 ~
Sio, X X) 1 SX(Sng) ’ Vx(Vlgx)% X X) ‘ Sx(Slgx) Vx(Vng)%
SiO. 51.6 3.16 6.2 47.4 3.14 6.6
ALO, 15.3 - 0.96 6.3 14.9 1.79 12.0
FeOyot 11.1 1.97 18.0 10.5 2.47 23.0
MeO 5.75 1.47 26.0 6.01 1.91 31.0
CaO 6.72 1.81 27.0 8.90 2.32 26.0
-Na,O 4.35 0.98 23.0 4.23 1.19 28.0
K.O (0.35) (0.296) (80) (0.40) (0.300) 85
TiO, (0.83) (0.387) (120) 2.34 0.62 26.0
P.O, (0.11) (0.290) (80) 0.37 0.13 35.0
Cr (65) (0.447) (160) (249) (0.167) (45)
Ni (24) (0.351) (100) (82) (0.242) (60)
|FeO/MgO| (1.95) (0.100) 25 1.57 0.28 18
‘In brackets: ()2) — geometric means and parameters of lognormal distributions

“W nawiasach: ()f) — S$rednie geometryczne i parametry rozkladéw lognormailnych



Rig. 7. Ti0,-P,0;-K,0 diagram with marked bouﬁdary between oceanic and non-

-oceanic basalt fields (after Pearce et al. 1975). ORB — average ocean ridge ba-
salt, OIT ———— AOIB — ocean island tholeiite-alkali ocean island basalt trend,
IAT — — — CAB — island arc volcanic trend (computed after Kutolin 1972).

Rock symbols as in previous figures

Fig. 7. Wykres TiO,-P,0;-K,O z zaznaczong granica pél bazaltéw oceanicznych

i mieoceanicznych (wg Pearce’a i in. 1975). ORB — $rednia dla toleitéw grzbietéw

éroédoceanicznych, OIT ——— AOIB — ftrend zmiennosci bazaltéw wysp ocea-

nicznych, IAT — — —CAB — trend zmiennosci bazaltéw lukéw wyspowych. Sym-
bole skalt jak poprzednio

5,0 (T (%)

3,0

05 F o
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Fig. 8. Ti versus Cr diagram for metabasic rocks of the circum-Karkonosze spilite-
-keratophyre associations. Symbols as in previous diagrams. Boundary line between
ocean floor basalt (OFB) and island-arc tholeiite (IAT) fields after Pearce (1975)

Fig. 8. Wykres zalezno$ei Ti od Cr dla metabazytéw wokoétkarkonoskich serii spi-
litowo-keratofirowych. Symbole jak poprzednio. Linia odgraniczajgca pola bazal-
t6w dna oceanicznego (OFB) i toleitéw lukéw wyspowych (IAT) wg Pearce’a (1975)

Less pronounced distinction between the two series under consider-
ation is obtained by means of triangular TiO,-P,05-K,0 diagram (after
Pearce et al., 1975, supplemented by the present author — Fig. 7), but
even after introducing rather mobile element like potassium, we observe
that the majority of the Géry Kaczawskie Mts. lavas is grouped around

2 — Rocznik PTG 50/1
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OIT-AOIB trend whithin oceanic basalt field, whilst the projection
points of the Rudawy Janowickie-Lasocki Grzbiet metabasalts are more
dispersed and relatively displaced toward the continental basalts area.
It should be emphasized that the diagram in question has been recentiy
applied for reconstructing tectonomagmatic relations of volcanics of the
Barrandian areéa by Fiala (1978). In his opinion pillow lavas of the
G. Kaczawskie Mts. are clearly oceanic in character whilst those of the
Zelezny Brod complex seem to concentrate in oceanic field but to low
number of data is actually available.

Unquestionably the best geochemical discrimination between the
circum-Karkonosze suites is obtained by using Ti versus Cr diagram
(Fig. 8) introduced by Pearce (1975) for distinguishing IAT from OB
series.

Summing up the results of the present study it is concluded that the
spilite-keratophyre suite of the Géry Kaczawskie Mts., as far as geo-
chemistry of iron group elements is concerned, corresponds to volcanics
originated in within-plate ocean-island enironment.” This conclusion is
supported by the presence of pillow lavas, the occurrence of both meta-
eruptive and metaeffusive volcanic products and the character of
accompanying metasediments. It should be emphasized that predomi-
nantly potassic character of acidic members of this suite (Fig. 2) is also
consistent with its origin in within-plate setting.

On the other hand, the obtained geochemical data strongly suggest
that the origin of distinctly different in many respects spilite-keratophyre
association of SE metamorphic mantle of the Karkonosze granite is con-
nected with the formation of island arc-trench system in this part of
Variscan geosyncline. This paleotectonically important conclusion is con-
firmed by definite predominance of eruptives over effusives in this
series, lack of pillowy varieties and by evolution trend of associated
sediments. i

Cne of the very convincing arguments, supporting this conclusion,
consists in the presence of relics of glaucophane schist belt along southern
margin of this zone from Zelezny Brod area (Pelikan 1928, Tutek
1948) to Lasocki Grzbiet range (Juskowiak 1957, Wieser 1979) which are
supposed to trace Lower Palaeozoic arc-trench system with northwards
dipping Benioff zone.

. FINAL REMARKS

The suggested palaeotectonic conclusions are of essential importance
for our knowledge of evolution of the Early Palaeozoic geosyncline in
the region under consideration and, therefore, call for some more gener-

al comments.
There are very controversial opinions on the tectonic evolution of the
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Variscan Meso-Europe which is actually interpreted from both plate-
-tectonic (Burrett, 1972; Floyd, 1972; Anderson, 1975 and others) and
fixistic point of view (Krebs, 1977). Rather compromising is moderately
plate-tectonic Khain’s (1979) interpretation of the problem in question.

The data and resulting condlusions presented by the present author
seem to support such moderately plate-tectonic approach to the solu-
tion of the problem since, apart from suggesting the formation of arc-
-trench system, they contain no arguments for large-scale oceanization
along mid-ocean ridge. No basalts of this type were found to occur in
the area under consideration. Nevertheless, predominantly tholeiitic char-
acter of metabasites of the suggested island arc actually incorporated
into the SE metamorphic mantle of the Karkonosze granite indicates
that some local oceanization (probably of the small basin type) had to
precede the postulated subduction process. However, it should be empha-
sized that the present author favours increasing criticism againts sche-
matism governing in some modern plate-tectonic interpretations. So eg.
there are recently still more and more evidences against to generalized
models for the magmatic evolution of the plate-tectonic systems in question
(Arculus, Johnson, 1978). Besides, detailed examinations of volcanic phe-
nomena taking place in some small basins eg. in the most interesting Tyr-
rhenian sea (Barberi et al.,, 1973; 1974; Selli, 1974) indicate that different
magma types can be produced in them within rather small distances,
depending on diversified character (distensive, cbmpressive); siZé, depth
and direction of faults or other tectonic systems favouring igneous acti-
vity. '

From plate-tectonic point of view, the Early Palaeozoic Saxothurin-
gian and Moravo-Silesian zones are supposed to be composed of rather
small sea basins, separating several micro-continents (Sowie Gory Mts.,
Granulitgebirge Mts.) situated between larger Bohemian plate and stable
East European continent (Cwojdzinski, 1977). Therefore, in some respects,
these zones had to resemble much more the actual Mediterranean area
than that of the Pacific Ocean.

As already mentioned, among the two spilite-keratophyre series exam-
ined, the older is supposed to be formed by intraplate mantle diapirism
whilst the second by partial melting of pyrolite wedge above active
subduction zone in an arc-trench system of rather special type. The latter
process was probably followed by anatectic formation of acid members
of these associations (Narebski 1964, Narebski, Teisseyre 1971, Rosler
and Werner 1978).

Further detailed regional geological and tectonical studies are needed
to confirm or to supplement the ideas presented in this paper. There are
no sufficient geochemical data on metabasic rocks of the Klodzko crys-
talline complex (Kozlowska-Koch 1958, Wojciechowska 1966), allowing
to determine their probable tectonic setting. In J. H. Teisseyre’s (1968a)
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opinion they are Upper Silurian in age, similarly as metavolcanics of
the SE part of metamorphic mantle of the Karkonosze granite, repre-
sented in our territory by the Leszczyniec Volcanic Formation. This
opinion, very important for palaeotectonic reconstructions, should be
checked by geochemical study. ’

Finally, it must also be emphasized that the reported differences in
abundances of immobile elements of the iron group (Ti, Cr, Ni) can be
utilized as a convenient criterion for determining the source areas of
greenschist pebbles fairly abundant in clastic deposits of Swiebodzice
and Intra-sudetic depressions, providing statistically sufficient sample
numbers are examined.
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STRESZCZENIE

Jednym z najwazniejszych. osiggnie¢ w zakresie petrologii bazaltow
jest wykazanie na podstawie wszechstronnych badan ostatnich lat wyraz-
nej zaleznosci cech geochemicznych tych wulkanitéw od $rodowiska tek-
tonicznego ich genezy. W $wietle teorii tektoniki globalnej przejawy ma-
gmatyzmu zasadowego zwigzane sg ze strefami styku kier litosfery (roz-
bieznymi — grzbiety srédoceaniczne i zbieznymi — uklady réw-tuk wy-
spowy z aktywnymi strefami Benioffa) oraz z rejonami wystepowania
sit tensyjnych w obrebie kier — zaréwno oceanicznych (wulkaniczne
wyspy typu hawajskiego), jak i kontynentalnych (ryfty).

Specyficzne cechy geochemiczne bazaltow tworzacych sie w réznych
$rodowiskach tektonicznych spowodowane sa, jak wynika z badan do-
$wiadczalnych, odmiennymj warunkami p i t oraz stopniem parcjalnego
wytapiania materiatu plaszcza podczas jego diapiryzmu (uklady tensyjne)
i w strefach subdukecji jednej kry pod druga (uktady kompresyjne), obec-
noscig lub brakiem w nich wody oraz stopniem dyferencjacji powsta-
tych stopéw przed ich wydostaniem sie na powierzchnig.

W zwigzku z tym wyrdznia sie obecnie nastepujace typy bazaltow
oceanicznych i wokoétoceanicznych:

1. Toleity abyssalne (AT):

1. Toleity grzbietéow oceanicznych (ORT) zwane roéwniez ogoélniej ba-

zaltami dna oceanicznego (OFB)

2. Bazalty wysp oceanicznych (OIB).

II. Wulkanity zasadowe tukéw wyspowych:

3. Toleity tukéw wyspowych (IAT) lub toleity nisko- potasowe (LKT)

4. Bazalty wapienno-alkaliczne (CAB)

5. Wysoko-potasowe szoszonity (SHO).

Kolejnosé wystepowania trzech ostatnich uwarunkowana jest odleg-
loscig od rowu i dojrzaloscig tuku wyspowego.

Wsrod kryteriow geochemicznych, stuzacych do odrézniania wymie-
nionych typéw bazaltéw, najczesciej stosowane sg zawartosci i stosunki
tzw. pierwiastkéw niedopasowanych (,,incompatible”) — jak Zr, Nb, Y
czy TR, latwo przechodzacych do stopu i na ogot trudno wchodzacych
do weczesnie krystalizujgcych faz. Duze znaczenie diagnostyczne maja
tez parametry rozkladu nieruchliwych podczas przeobrazen skal macie-
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rzystych, ale uczestniczacych we frakcjonacji krystalizacyjnej pierwia-
stkéw $ladowych grupy zelaza —Ti, Cr i Ni.

Charakterystyke geochemiczng wyréznionych typéw bazaltéw z pod-
kresleniem réznic w zawartosci pierwiastkéw przejéciowych gi‘ﬁlpy 3d
(zelaza) podano w tab. 1.

W $wietle przedstawionych danych i ich wspolczesnej interpretacji,
stwierdzone przez autora w toku wieloletnich badan i opracowane sta-
tystycznie znaczne roznice zawartosci i rozkladéw liczebnosci Ti, Cr 1 Ni
oraz trendéw zmiennosci TiO, i FeO,, wzgledem FeO/MgO w delno-
paleozoicznych wokotkarkonoskich seriach spilitowo-keratofirowych Gor
Kaczawskich z jednej i Rudaw-Janowickich-Grzbietu Lasockiego z dru-
giej strony (fig. 1) mogg mie¢ duze znaczenie dla rekonstrukcji srodowi-
ska tektonicznego ich genezy. Otrzymane dane zestawiono w tabelach
2—6 oraz zinterpretowano graficznie (fig. 2—8). Najbardziej przydatne
okazaly sie wykresy zmiennosci Ti wzgledem Cr (fig. 8) oraz TiO, wzgle-
dem FeO_,,/MgO, a w mniejszym stopniu TiO, wzgledem P,0;. Spowo-
dowane jest to niewgtpliwie nieruchliwo$cig tych pierwiastkéw podczas
przeobrazen zasadowych paleowulkanitéw oraz ich odmiennym zachowa-
niem sie podczas proceséw wytapiania parcjalnego w roéznych Srodo-
wiskach tektonicznych i pézniejszej frakcjonalnej krystalizacji.

Z przeprowadzonych badan geochemicznych wynika, ze zasadowe
wulkanity kompleksu zielencowego Gor Kaczawskich odpowiadajg bazal-
tom wysp oceanicznych a analogiczne utwory serii spilitowo-keratofiro-
wych formacji Leszczynca SE czesci ostony metamorficznej granitu
karkonoskiego — toleitom lukéw wyspowych.

Potwierdzeniem tych wmnioskéw, opartych na przestankach geoche-
micznych, sg stosunki skal wylewnych i eruptywnych w obu omawia-
nych seriach, charakter towarzyszgcych metabazytom skal kwasnych
i osadéw oraz wystepowanie w zewnetrznej strefie S i SE czesci ostony
metamorficznej granitu karkonoskiego (Pasmo Rudawy Janowickie-La-
socki Grzbiet-Géry Rychorskie i kompleks Zeleznego Brodu) $ladéw pasa
metamorfizmu ‘wysokoci$nieniowego — lupkow glaukofanowych. Brak
serii bazaltowej typu rowdéw S$rodoceanicznych w omawianym rejonie
wskazuje na to, ze dolnoslgsko-karkonoska cze$¢ geosynkliny waryscyj-
skiej miala charakter raczej srédziemnomorski niz pacyficzny, a czeScio-
wa oceanizacja, poprzedzajaca powstanie ukladu tektonicznego row/tuk,
musiala przebiegaé¢ lokalnie, w granicach niewielkich basenéw (typu Mo-
rza Tyrrenskiego), oddzielajgcych ruchome mikrokontynenty (G. Sowie,
G. Granulitowe itp.), polozone w strefie miedzy wieksza kra Masywu
Czeskiego i stabilnym kontynentem wschodnioeuropejskim. Nalezy pod-
kreéli¢, ze mimo $rédziemnomorskiego, jak sie wydaje, charakteru oma-
wianej strefy we wczesnym paleozoiku, toleitowy wulkanizm postulowa-
nego poludniowo-karkonoskiego luku wyspowego mial charakter zblizo-
ny do pacyficznego luku wysp Tonga, powstalego na skorupie oceanicz-
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nej, co $wiadezy o szczegdlnym typie tego ukladu tektonicznego. Stano—
wi to jeszcze jeden argument przeciw zbytniemu schematyzmowi, typo-
wemu dla prac wielu badaczy, zafascynowanych jednostronnymi rekon-
strukcjami w oparciu o hipoteze tektoniki globalnej. Potwierdza to row-
noczes$nie teze o specyficznym charakterze ewolucji tektonicznej oma-
wianej strefy orogenu waryscyjskiego, nie pasujacej ani do skrajnych
schematéw neomobilistycznych, ani tez do réwnie krancowych modeli
fiksistow.

Potwierdzenie i rozwiniecie przedstawionych w niniejszej pracy
wnioskéw paleotektonicznych i paleogeograficznych wymaga z jednej
strony przeprowadzenia analogicznych badan geochemicznych metawul-
kanitéw okolic Klodzka i utworéw piroklastycznych rejonu G. Bardz-
kich i in., z drugiej za§ — uzupelniajacych studiow geologicznych, tekto-
nicznych i geofizycznych ma Dolnym Slasku i przyleglym terytorium
Czechostowacji.

Warto podkresli¢, ze odmienny charakter geochemiczny metabazytow
inicjalnych Gér Kaczawskich i formacji Leszczynca moze by¢ pomocny
przy ustalaniu obszaru zroédiowego egzotykow skalnych, wystepujacych
w osadach detrytycznych depresji Swiebodzic i niecki srédsudeckie].






