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ABSTRACT: The present study concerns petrological, geochemical and geochrono
logical relations between ·the Rumhurk granite and the Izera gneisses in the 
Western Sudetes. It has been demonstrated that the Izera gneisses are ortho
derived; they form,' with the granites, a plutonic anorogenic coherent complex ot 
alkaline character. This coDlplex has been affected by a regional Variscan 
metamorphism dated as post.Famennian and betore320-310 Myr. Its emplacement 
between 500 and 450 Myr ago extends eastwards the evidence of riftogenic 

processes. in the Lower :Paleozoic of Europe. 

INTRODUCTION 

: The Izera gneisses constitute the crystaHine' basement and are the 
main component of the Kar1konosze-Izera block in the Westem. Sudetes. 
In llhenorth--east · they are coVered wiith 'tihe schis18 of the Kaczawa Mts, 
to the . west ,they pass ' into the East-Lusatian granodiorites(callEd Za
widOw. granodiorites) am Rumbt.u'k gramtes, and to .the south they are 
bqrdered by the late-VariBcan intrUsion of the Kark~ze granite. 

The origin of Ibbe gn.eisses, their age and evolution have been 
. variously iD.terp.reted in the geologica'l ilitenvture. Most authors agree 

that there la a close alffinity Ibetween ·1Jbe Izera gneisses and the East
,..Lusatian gxaniitaids. In the older papei-s the gneees have been con
sidered as of ~agmatic origin. Same of the authors (Berg 1922, BedeTIke 
'1939, Schwarzbach 1943) were of the opinion that the gneisses represent · 
a synkinemaUc mstrusl.an; others (Rimann 1910, Ahrens 1926, Ebel'lt 1943, 
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.WaJtzIiauer .1955) regarded them. as. orthognei~es deriving .from. . the · 
RUID!~ granite, , Mo~. recentinveBtigatiaos {KozIoW'Ska-Koch 1960; 
1965;' Obere 1961; . Szalamacha & Szalamacha 1964) have',led. to the 
conclu$io~ that the lZE!J:'a sn~isseS, at least in the major part~ ' resulted 
froIIioieiasolDatidtramformation of the Preeambrian '$Upracrustal series, 
the Rumburk granite beinlg the final' etfect of this process (Oberc 1961). 
. . 'lbere arevarlous hypotheses ooncerning· the age of the . Source 

material· of the gneisses. Some authors (Oberc 1961; T·eiSseyre 1962, 
. 1968; v. Gaertner 1964; Kozlowska-Koch 1965; Szala.macha·1970) consider 
. this mater.ial as of Precambrian age, others (Bri1ll 1942; Murawski 1~43; 
Chaloupky 1963) give a pre-Ordoviciarn-Silurian age. Bedertke (1956) is 
of the opinion that Ibhe gneissei:l are the product of Caledonian paliD.-
genesis of Precambrian gr,anites. . 

The evolution stages of the gneisses have aiso been variously dated. 
However, Gorczyca-Sk~ (1966) has .shawn that stl'UCtura:1 ~eattires in 
the Izera gneisses and Kaczawa schist$ are very similar as had already 
been . suggested. In this context, the age of the sedlimentation of the .. 
Kaczawa schlsrbs. is of rundamer1tall. imporrtance in the dating of the 
structural eVoluti.on of Izera gneisses. 

According to current views, there appear the following stratlgraphical forma
tions among the Kaczawa schists: 

- upper-Proterozotc Lusatlangreywackes; 
- Eocambrian formations; 
- .Cambrlan assigned ·by p&1eomologic&1 evidence at. ZlOrzelec, afterwards paleontolollcally 

cont1rm.ed at WoJelesz6w (Gorczyca-Bkala\ 1886, Gunla 196'1); 

- Ordoviclan formations, paleontologlcally dated ill the. northern part of the Kaczawa Kts 
. (Baranowski .. urbanek WIll, urbanek 19'14), · ill the southern part dem.ollBtrated on the 

blllds of faeles resem.blljnce .. The greywackes and arkoses containing detrital felclsPars 
dl!rived from the Rumburk Il"anltes were a8Slgned to the Ordovic1an (BrWl 11M2). Sim.11ar 
rocks. ill the viclnlty of LubaD are COnsidered. by B.rause (11185) .. late-Devonian; 

- SUurlan formations, well evidenced by graptollte&. in the vicln1ty of Luba:ft; 
- Devonian, recognized Cin the ball.s of .!lonodonts in the northern part of the regJ.on 

(Urbanek .to ci&. 19'10; Urbanek 19'14, 19'18) and on the basil!l of graptol1tes in the vicinity 
of Lubail (.Jaeger 1964); 

-:- Carboniferous (V1aean) formations, Where recent paleontolol1ca1 evidence (Chorowska 
19'71) has conf1rm.ed the previous prediction of SCbwarzbach (1931, 19J9). 

Recent important paleontological findings enable us to reconstruct 
the whole stratigrapb:ic sequence of the· rocks subject to metamorphic 
tra·nsformatiollS. These firuiings point to a much younger age of the 
Karkonosze-lzera bloc'k than usually assumed. Of specific importance 
·is the statement by Urban&: (1.978) that thegea;ynclin81 sedimentation 
had not ceased. before the end of the Famennian. From this statement 
it appears clearly that the metamorphism of ·the Izera· gneiss complex 
and the Kaczawa series. OOUild not have taken. place before the · Car~ 
Iiiferous period, 
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SHORT DESCRIPTION OF LITHOLOGIES 

,The, Izera gneiss as and . the' Rumlb1lI'1k granirtes constitute a carto
gra~y coherent co~lex: 'over ' an area ,of a~~t , 1,50~. amrt,i. 'Tbeir 
most recent detailed , descriPtion has, been ~ .made:by W. ,Smulikowski 
(1972). ,In, this paper we wilil, therefore limit ourselves to a general 

'description of ifodks l'esampled for geocilemical stu":lies ' and radiometric 
age determination. The'sketch lIDatp ('fext-fig. 1), soowing , r:elati9ns be
tween the main geOlogical, f~rmations alsO indicates our " sampling 
localities. ' , 

o. E§] .. 
ClJz Ea7 
~, 3 E!Q. 
GZI4 ,,~, 

~5 E:j1O 

riI. 1. -Geological sketcbmap of the northern cover of the Karkonosze granite in 
the Western Sudetes (afteT W. SmliIikowski 1972, modified) 

1 - Tertiary formations, 2 - dike-rock (microgranite), 3, - Karkonosze granite, 
4 - vein, ,of the Izera ' ,quartz, 5 - leucogneisses and leucogranites, 6 - ' Izera ' 
gneisses (typical), 7 - R~burk granit~s, 8 - granodioritic gneisses, 9 - ZaWld6w 
granodiorites, 10 - mica-schists of the Izera complex, 11 - phyllites and schists' 

of the Kaczawa Mts, 12 - "Lusatian greywackes" ~ 13 - sampling localities 

Among the Izera gneisses, three essential varieties , can be distinguished : (1) 
'granodioritic gneisses, which 'are not taken into account here and whi~h are 
contigous to the , East-Lusatian granodiorites, showing a great similarity to them, 
(2) typical Izera gne1sses, (3) leucocratic, gneisses. ' 

The typical Izera gneisses constitute a complex of very variable niegascopic 
appearance. One can distinguish among them light coarse-grained and porphyroid 
granitoids with big feldsparphenocrysts, light lenticular gneisses" darker medium

. -grained'granites, light gneisses . very rich in disseminated biotite crystals locally 
,f9rming bIgger agglegates, and fine-irained, laminated gneisses (lighter and 
darker) with · isolated feldsPar and quartz phenocrYsts. 
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Under .the microscope these rocks most often show uneven-grained' textures 
and oriented structures. Some of them show a distinct 'foliation which is locally 
caused .... by'the cataclasis (PL' I, Fig. 1). Textures are rarely typically hipidio
m~rphic-granular with unoriented structures, as In true granites. The potassium 
feldspar is spotted or cross-twinned microcUne, often perthitic, sometimes cut 
by tiny fissures f1lled with feldspat~quartz mosaic (pL 2. Fig. 1). In some places 
the K-feldspar appears as big phenoclasts sUrrounded by a border of finely 
granular feldspar and quartz fragments (PL I, Fig. 2). The microcline perthite 
is locally' transformed to chessboard..albite. The. obliquity of the K-feldspars is 
intermediate to high . (conVentional trlclinicity - 50-10QII/~. The crystals of plagio
cIase (oligoclase or albite) are sometunes zoned, often filled with seric1te and 
zoisiEe. Alblte most · often occurs in rocks wh~ the K-feldspar has beel). partly 
transformed to chessbOard alblte. In tile rims of feldspar grains, myrmekite locally 
appears. Quartz forms big crystals (partially idiomorphic) as well as ' fine "grains 
composing; together with feldspar grains, a fiDe-granular mosaic. . 

,Blotites predominate amongst micas in most rocks; . their crystals contain , 
numerous inclusions of , apatite, zircon, iron oxides ~d leucoxene. The biotite 
bi often chloritized and .rich In ' pleochroic haloes. In the rocks intensively 
gne1ssified it has been completely replaced by chlorite. Muscovite, normally 
subordinate, predOminates in' strongly foliated laminae of the gneisses. In the 
tectonically affected gneisses occurring on the contact with the Kaczawa schists, 
*he white lnica appears as pliengite forming strips composed of deformed little 
plates wih spotted extinction: it also forms pseudomorphs after cyanite, accom
panied by leucoxene. Rare,,, undeformed poecnoblasts of :garnet' are sporadically 
distributed in ·the gnelsses. , 

Calcite occurs ' in feldspars, in the fine-grained quartz mosaic and fills . small 
fissures cutting the gneisses. Sphene and pyrite occur in S9me gneisses as 
accessory minerals in addition to' apatite ' and zircon. Pyrite is' partly oxidized, 
accumulated on the rims aDd in, the cores of sphene, or occurs as little inclusions 
in chlorite. SageJ;lite net can be observed in . some chlorites. Some gnei!lSes contain 
pinite aggregates, most often pale green in colour. . 

Aplltes, locally cutting the goeisses, are very light in colour' and very fine
-grained. Their texture is microporphyric. In the. feldspar-quartz rock-mass there 
occur phenocrysts ' of microcline with spotty or cross-hatched extinct~on and 
phenocrysts of plagioclase. sometimes' idiomorphic. In the groundmass, faint 

. bands of very fi~e-grained feldspar mosaic are observable and ve.ry small plate!; 
of white mica are disseminated. Minute amounts of black iron oxides and zircor 
can be seen m the rock. 

Hololeucocratic types of the gneisses (leucogDeisSes and leucogranites) are 
megascopically ~ght and medium;'grained and reveal unequigranular textures and 
a more or less parallel disposition of minerals under the, microscope. The cross
-twinned microclme (microcline maximum) occurring in the largest crystals i!i 
perthitic and locally passes into chessboard-alblte. It is often cut by thin fissures 
with fine-gramed albite or albite and quartz. Plagioclase, which occurs in smaller 
crystals than those o{microc1ine, is alblte without inclusions. The fme-grained 
feldspar-quartz mosaic, in which lenticular aggregates of a more coarse-grained ' 
quartz occur, fills the spaces between the, big feldspar crystals in the leucogneiSses; 
This mosaic is absent in the leucogranites. Micas are rather rare, 'occurring in' 
some rocks In trace amounts. Muscovite predominates: flakes and elongated tiny 
laths join in thin bands surrounding the little feldspar .augen or cluster with 
seridte and small feldspar grains between the bigger crystals. ' Microcllne in 

' small grains is always pure and non-~hitic. The o1ive-~qwn, and alWays at 
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leal!t .partly chloritized biotite is rich in pleochroic haloes encircling small inclu
sions of zircon and probably other ratiioactive minerals in!ieterminable under the 
miscroscope. The hololeucocratic rocks sometimes contain green bluish toUrmaline 
occurring in small crystais mostly in clusters among Duca aggregates. Apatite, 
leucoxene, haematite, magnetite and riuorite are accessory.~ The gneisses have 
been locauy deformed; the plagioclase twin lamellae being curved in some places. 

The Rum4:Jw1k grao:ites, mostly light and· cOarse-grained with big 
cry'sta1s of potassium feldspar: .(2.5-4 cm diameter), are Very siinilar to 
some Izera gneisses. Their texture is hipidioIOOrphic-granular, and their 
structure p.racticaMy isOtropic unordered (PI. 3, Fig. 1). In some places 
a slightly marked fabric can be observed. Quartz in big cryst8ls is partly 
idliomorp'hlc. Mi.crocl.irie perthites (lO()ll/o conventional tric'linticity) locally 
pass . into Chessboard aLbite. Plagioclases (oligoclase or albite) are often 
sericitize~:t Micas are represented by biotite and musCovite 'or by 
muscovite alone. Biotite, brown-red 'Or dark brown, is corroded locally 
and its plates are generally· concentrated into Jsolated clusters (pI. 3, 
F~. 2). These clusters are developed during' secondary recrystall.iza.tion 
of large' primary phenocrystB. Intensive pleoohroic hal'Oes surround 
zircon inclusions. A:Patite and. magnetite also often ocCu1"here a,{ 
incl'llSions. The ohloritized parts oonta~n sagerute and leucoxene. Musco
flakes being often recrystallized Sericilte. In some places, pirnite pseti.do
vite in bigger plates. has a apotty extinction; the muscovite. in small 
. m'Ol'!p'hs after cordieiite (the relics of which are sometimes pres.erved) 
are Visible. 

Aplitic, fine-grained parts of the granite reveal under the microscope an 
~quigranual tex~ the presence of microcline and orlhoclase, plagioclase 
Ante and muscoyite with spotty extinction. Little ~atches; visible macroscopically, 
are agcregates · of sericite flakes among which appear: muscovite, leucoxene, 
magnetit~, . haematite, chlorite · after biotite and tourmaline in small crystals. 

Generally,. one can say that the Rumburk granites, although not showing 
the foliation or fine-grained feldspar-quartz mosaic of the Izera gneisses, 
nevertheless very much resemble these gneisses· in their composition and in the 
habit of the main minerals, especially the feldspars (PI. 2, Figs 1-2). The big 
crystals of K-feldspar in many Izera gneisses and the microcline of the Rumburk 
granites are identical not only in the manner of cross.-tWiruiing and in the type 
of peribitic intergrowths but also in the manner of passing into the chessboard 
albite . . Ptagloclases are Similar too. Pinite, often occurring in the · Rumburk 
gi-anites, is also sometimes met with in the Izera gneisses, . although without 
preserved relics of cordierite. 

There is no dilltinct limit between the Rumburk. granites and the Izera 
gneisses, the transition being gradual. In the gneisses the foliation is very 
irregularly marked, its. intensity decreasing from east to west. Mega-mesoscopic 
gneissic .lamellae are observed in the western part of the complex, whereas lenses 
of undeformed granite can be mapped in the east. The intensity of the foliation 
is also unequally distributed · on' .the scale of one outcrop. This fact may 'lIe 
interpret~d in two ways: either the foliation has been acquired by the granites 
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(orthogneisses) or the foliation is residual (metasoinatic origin of thEl Rwnburk 
granites). oUr observations incline us to the first hypothesis. 

, ' , 

In some places, especi~y ott ' the northern border of the Izera gneiss 
-Complex, one , can obserVe , gneissified Il'ociq; , which ~w ' undou,bted 
sedimentaTY ' origin. They revea! blastopsamitic textures and ' contain 
detrital feldsJ>ars. 

RELATIONS OF ~ IZERA 'GNEISSES TO THE ,A.DJACENTFORMATIONS 

Knowledge of the relations between th,e Izera gneisses and tfhe 
adjacent rooks ,is important for understanding, the problems concerning 
the origin of the gneisses. Sincelbhe last desc.riptioDlS . were inter.preted 
'in a metasomatic model, we have tried to reexa:m~e the facts. 

',['HE INTRUSIVE CONTACT 

The contact ..of the Izera gneisses with the adjacent rocks Wa5 reexamined 
at Plater6wka Woint 23 in TeXt-fig. I), at the place precisely described by 
W. Smulikowski (1972). It is a sharp, slightly sinuous contact of an alkali-feldsPJ:lr 
granite with a fine-grained greywacke embedded in the form of a roof pendant 

'in ,the granite • .In the gi-~nite, . the rhyolitic form of quartz grains and micro
pegmatitic textures (PL 4, Fig. 1), are evidence' of rapid cooling compatible, with 
the proximity of an intrusive cOll-tact.' In the greywackes, evidence of recrystal
lization indicating the presence of intrusion is lacking. However, such evidence 
could be 'hardly expected in roCks very rich in teldspars and poor in pelitic 
components. A l~ter deformation led to the formation of an irregularly Penetrative 
schistosity which cuts the 'eontact ' On ' the ,thin ' section scale, ';his s(!histosity ' is 
fjhown by a cataclasis concentrated '41 the microshear zones; this cataclasis is, 
however, net ' sufficient to mask prunary structural features. The-' d~formation is 
accompanied by a metamorphic recrystallization forming some' muscovite' and 
welding together the grains broken or eroded by the cataclasis. 

EVIDENCE OF 'l'HERMAL , METAMORPHISM: 

In the viCinity of Kotlma, near the contact of the schists with the hololeuco
cratic gnefsses, we have eXamined the rocks called "leptmltes" by Kozlowski 
(1966). These rocks belong to a large schist zone forming a 'narrow band elongated 
'in , W-E direction parallel with the foliation of the ,~neisses and mainly cOlnposed 
of garnet bearing Inicaschists ' very ' rich in sheet minerals. In the vicinity; of 
Kotlina, the "leptinites" are -fine-gra'ined, light-coloured and laminated -, rocks 
alternating with layers enriched in micas ' and containing garnet. The presence 
of,. phenocrysts of biotite gives to the "leptinites" a peculiar sp()tted appearance. 

' The existence of th~ ,biotite phenocrysts' iil the proximity qf the hololeuco-, 
cratit Varieties of the' gneisses was interpreted as indicative of metasomatlc 
activity in this region (K. Smulikowski 1958; 'Kozlowski 1966" 1974; W. Smuli~ 
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kowski 1972).0l,11" observations lead to another Interpretation. The phenoblasts 
are poecilltic. The inclusions they contain retain a planar structure. The plane 
(001) of the biotite phenocrysts is not parallel either with the present foliation 
or with the plllne preserved by the inc1~ions. 'The biotites also do not show 
a regular orientation in relation ' to each other. The phenoblasts are deformed 
by ' the' foliation which is therefore younger (Pt ' of, Fig, ,2). , The phenoblasts do 
not; however, show any more trace of torsion than any of the other minerals 
of the rock, ,so the recrystallization of these 'minerals was' late- or post-kinematic: 
This fact '-is particularly illustrated by the garnet (PI. 5, Fig. 1) , which' is so 
poeciloblastic as to be spongy. The garnet is not helicitic but , Old "emporte-pfece" 
as, it was in the gneisses. In their , present state, the big biotite crystals are 
the result of a mimetic restoration of the phenobIasts. ' 

It seems ' without any doubt that, in these materials of sedimentary, origin, 
the development of the, big ,biotite crystals is 4ue to a common thermal contact 
metamorphism caused by the proximlty of the granite which was later, trans
formed into the Izera gneisses. , 

Deformation and recrystallization during the ' development of foliation affected 
both the granites as well ~ their cover (to whi$ also ' belong all or Pari 9f 
the schists of the zone of Kot~). The present banding is therefore a stratifica
tion largely replaced by the foliation which corresponds here to a, strong fabric 
as distinct from that observed in Plater6wka. " 

The gneissification ~ was independent of the emplacement of the granites ' and 
is distinguished bya fabric which ~s in , intenslty from place to place. The 
gneisses are therefore orthogneisses. 

TRANSGRESSIYE CONTACTS 

The section of the left side of the river B6br by .the Pllchowice dam (point ,s 
in Text-fig. 1) represents' this type of contact~ ' Foliation and banding which are 
parallel; dip ~30o, to the north. The ~aczawa series lies on the gneisses. 

Approaching ~he contact, the gneisses do not , show, any observable variability 
,of lithology until some , dozen ~eters distant, ~om the contact. 'Here they become 
lighter in colour, their grain size being fine, Qlore regular, and· their schistosity 
more compact. On the top, the light facies is , suddenly , replaCE\d by chlorite 
micaschists after which ocelar prasinites appear" (pI. 5, Fig. 2). 

As shown in microscopic observations, the light facies is compose,d mainly 
ot quartz and alkali feldspar (PL 6, Fig; 1). This feldspar is identical with ,the 
feldspar of typical gneisses due to the ,presence of the perthitic spotty albite 
(Pt 6, Fig. 2). Its grains are not ,very big, and ' phenocrysts ~e lacking. The 
manner · of. arrangement of the grains cannot be explained by granulation. Some 
polycrystallinegrains h8.ve the features of detrital origin. Moreover, it is 
significant that the plagioclases exist here in the ,form of inclusions in the alkali 
feldspars (PI. 6, Fig. 2). Albite, instead, is' present in perthitic patchel!, on the 
rims of detrital feldspar grains and (in small amounts) in the rock matrix beSide 
the quartz grains. The growth , of the albite during metamorphism was accompanied 
by, recrystallization of. quartz and muscovite and mic:roclinization of alkali feldspar. 

These facts led us to interpret the Hght and fine-grained gneisses occurring 
-directly under the chlorite micaschists" as more or less transformed primary 
arkoses (inuDature alluvium); The ' origin of these arkoses could be related to 
the porphyroid granites which are 'protoliths for most of the Izera orthGgneisses,' 
The sedimentary differentiation has ' caused, through parlial ,.weatheringof the 
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granites, a dissemination of the plagioclases and biotites in the metaarkoses 
which have given fine-grahted light gneisselL . 
. . The ' passage to the \rBnsgressive area (chlorite micaschists, afterwards 

prasinites) is abrupt and contrasting. However, in the first micaschillt horizon, 
some detrital fragments of potassium feldspar characterized by perthlte patches 
can still be obserVed. It is on the bal!is of these feldspars tluat the concept 
of metasomatic development of the Izera snelsses (W. Smulikowski 1986), or 
of an intrusive contact of the gneisses with the Kaczawa · series connected With , 
a metamorphism of the Kaczawa schists (Schmuck 1957), has been founded. Our 
studies seem to Indicate, however, that synmetamorp~c potassium feldspar is 
very rare and shows the features of a low-temperature microcline, optically 
homogeneous and devoid. of perthitic albite. We are therefore dealing with, 
jlediments transgressively lying upon the pOrphyroid granite, in areas · showing 
a poorly differentiated relief; evidence of" this being the mainly fine pelitic 
sediments. 

The study of the contacts of the !zera gneiss'es with ;the adjacent 
rooks, througlh !Ilotexhausti'Ve, has led to the following conclusions: 
1) All or.part of the lzera gneisses were derived from a gramtic complex; 
2) The adjacent formations 8Ll'e partially pr~intrusive. :in the remaining 
pari ,transgressive; 
3) T1;te whOle has ,been tranatormed by a regional tectanom.mmphism. 

The aim of Ilihe subsequent chapters is to characterjze the granitic · 
complex under d.i.scussion by means 'of major element geochemistry and 
the geoohemistry of strontium isotopes, then to determine the age of 
-theemplacemen'tj of Jthe iplu'ton by means of the wfhole-rodk Rb/Sr 
method , and 'the age Of the 1ast theJ'lID8ll event by m~ns of the same 
method app1.ied, to the minerals. '!'he isotope geocilemistry should also 
belp to furlher our iknowledge of the ' origin of the sialic crust in the 
studied' crusta! segment ,of ttihe Central European Hercynidat 

GEOCBEMICAL CHARACTERISTICS OF THE RUMBURX GRANITE 
AND THE IZERA GNEISSES 

Ageochemical 'study ,has been undertaken with the aim of: (1) 
elucidating the Origin. of the Izei.a gneisses, (2) determining if the Izera 
gneiSses and the RUmburk granites have commongeochemical cbai-ac
teristics and, if so, (8) cheCking the hypothesis of their common evolu
ti~ history. 

Nine IIIlDlplea, of RumbUrk Il"anlte. 210 of the Izera gneiBaes (1ncl~ 1 apl1te) and 
8 of' their hololeucocraUc :typea were 8D8lyBed (JraDOdlorites and', ~nod1or1tlc ' gnell8es 
were excluded from the stud)'). . 

To distinguish between G'n eventual sedimentary or magmatic origin 
for the gneisses.' the diagram proposed by Tarney (1976) has been used. 
This author has shown that magmatic acid rocks and l"oC'ks of sed.i-
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mentary origin define, on the diagram TiO. vs SiO., ~wo different fields 
separated by a straight Une of negative slope. The Izera gneisses and 
the RuInburk graniJtes fall into the field of magmatic rooks (Text-fig. 2). 
Though the 'border line between these two fields 19 not precisely defined, 
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Fig. 2. Tarney's diagram with' diagonal lhie separating magmatic acid rocks from 
rocks of sedi nentary origin: X - typical Izera gneisses; 0 - Rumburk granites; 

+ - leucognelsses and leucogranites , 
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Fig. 3. Distribution of the points representing typical Izera gneisses (X), Rumburk 
.granites (0) and leucogneisses <+), in the triangle diagrams Q-Or-Ab, Q-Ab-An, 
Q-Or-An. The deviated points represent cataclaseci and altered granite No. 20 and 

the aplite No. 6b (see Tables 1 & 2) 
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we ar-e inclined to conSider the obtamoo data ' (distribution of the: Point~) 
as indicating a mag·matic origin for the Izera gneisses. 

The triangular diagrams (Text":'fig. 3), on which the normative values 
of Q-Ab-'"Or-An (see Tables 1-3) calculated from. chemical analyses of 
the Rumburk granite and of the' Izera gneiss~ are represented, 
demonstrate that the points of the Rumburk granite belong to the sam~ 
field of compositions as the Izera gneisses .• In the triangle Q-AbrOr, this 
field is situated arour,id tpe mean eutectic position. Only point 20 
corresponds to a granite abnOrmaUy rioh in quartz; this granite is, ' 
however, relatively cataclased and altered. In the triangle Q-Ab-A..fl, 
the field of a~l the compositions is situated near the side . Q-Ab, so 
expressing the alkaline character of these rocks. In . this triangle, the 
granites of Rumburk are not so wen contained within the field of 
the Izera gneisses as in the Q-A!b-Or Itriangle; this is caused , by the 
fact that the q:uartz-poorer varieties of thegneisses are Simultaneously 
richer in a:oorthite component and manifest; therefore, in comparison:· 
with the granites of RumbuM, a slight calc-alkaline ten4ency. In these 

. respects, the Rumburk granites cover a part of the compositi.~Dlll range 
of the hera g.:Qeisses. The hololeucooratic varieties of the Izera gneisses 
correspond to a much more homOgenous assemblage and. are distinctly 
alkaline, 

In the .AltOs vs Si02, 2 Fe vs .SiO., and MgO vs SiOt diagrams 
(Text-fig. 4) · rthe "·normal trends" are obtained. The holo1eucocratic 
gneisses occupy 'Nle extreme limit of . the trend. The Cao vs SiO. 

·'.AI203 

15 
·'·MgO 

D.8 

14 0.6 

0.4 
13 

0.2 

.12 65 eo "'.SIO,? 

11 ·'.CoO 

·'.F~(tFe) 65 
I .B 

2.~ 1.6 
2.4 1.4. 

2.0 ' 1.:l 
1.6 1.0 

1.2 0.8 

0.6 0.6 . 

0.4 0.4 

65 eo o'.Si02 
0.2 

65 70 

Fig. 4. Harker's dhlgrams . AltO,lSiO., FeOISiO., MgOISiO., caOISiOi for ' Izera · 
gneisses (X). ' Rumburk granites (a) and ' leucogneisses (+). The deviated point 

represents cataclased grap.ite1:fo. 20 
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diagram shows a larger ellipse. The Sr/SiOt diagra~ (Text-fig . . 6) 
possesses the same features hut with a more extended field for the 
·leucogneisSes. It is woi1lh noting that Kt<), 'NatO and Rb versus SiOt 
diagrams (Text-figs 5-6) Show a · lack of negative corre1a~ion' babh for 
the granites an<i , for the gneiBses. Furthermore, all the diagrams show 
that the RtumbUTIk granites are situaJted inside the . field of the Izera 
gneisses; in .addition, the trends of the two groups are the same. The 

Table 1 

Chemical analyses of RQlilburk granites (weigbt".) 

-----------.... -~---;-------;--~-.... --;------~~-------;_---... --;~~----_;-----"'!'---;---~-----9--'!"'--~··-":'--· I-

No, of th •••• pl. , 16 17 18 111 20, :11 1& 17b 3i' 

61°2 
TI.02 , 
A120 3 
F·-R3 
Foe 
HnO 

IIgO , 

1:l1li 

75.67 '73.81 . 

0.05 0.19 · 
13.36 . '13.8A 

0.03 ~"Oi 

0.70 1.29 

0.03 0'.03 

0.10. . 0.41 

0 .... · 0.82 

3,94 3.27 

".72 5.1" 
0.72 0.89 

0.07 0.18 
n.d. . n.d. 

0.10, 

0.01 

I 

76.98 76.3$ 
0.19 ' 0.1.0 

12.62 12.62 

.0.21 0.&2 

0.36 0.41 

0.01 0.02 

0.20 0.18 

0.36 . 0.48 

2.91 ' 3.11 

4089' 4.1n 

1.05 1.08 

1.17 0.10 

0.03 

tr. 

------------.~ 
78.51 73.75 73.22 73002 

0.07 0.17 O.SS 0.18 
10.79 14.10 U.26 14.52 
. 0.56 i.oe . 0.77 . O~I5~ 

0.68 0.158 0.89 i.3.2 
0.01 0.02 0-.03 0.03 

0.41 O~53 0.44 0 .... 2 

0.29 0.37 o~a.. 0.8.( 

1.84 2.90 3.20 2.1IO 

... .to e.oo 4.96 -4.N 

1.12 1.40 1.02 0.118 

0.15 0.15 0.15 0.1'" 

0.16 0.11 0 • .14 0~17 

0.29 0.2$1 0.5r" . a •. t1 

0:05 0.03 0.03 0.04 

14.36 

0.63 : 

0.83 

0.021 

0.37 

0.74 

2.64 
5.215 ' 

0 ..... 

0.2.85 

--------------~., 
Total H.93 99.88 ".96 ,IXII.BS 100.:::1 100.59 100.65 1~.62 ;s.n ._-------------.. _----------------, -----_ ... _--...-, 

EF. IFIIIII 

Mol to An 
in phglool. 4.36 11_ 

Nonoetiw r ... lculAtod 

Q 

AI> 

Or 

Q 
Or 

An 

Q 

Ab 

An 

35.Q7 35.61 

35.039 30.73 

29.54 33.65 

52.66 48.30 
~.ss JJ5.66 , 

2.67 6.04 

48.60 $0.30 

49.04 43.41 
2.36 6.29 

0.54 0.S8 1.16 1.50' 1.5e 

5.A2 3.09 3.49 

42.86 41.25 . 54.34 40.32 

26.29 27.513 16.8S 27.17 

30.76 30.82 28.20 32.51 

57.0.4 ee.28 6t11.e2 ~.e8 

40.83 41.31 33.69 ..... 01 
2.12· 3!""'1 . 0.68 1.40 

60.64 57.Si 75;91·' 68.83 

37.10 38.84 23.30 311.65 
2.26 3.~& 0.79 1.51 

10.2 

37.00 

30.38 

32.61 

52.09 

42.76 

5.15 

Rb pptt 5$4 251 3615 , 473 287 225 240 

~r Pp8 ".3 73.51 20.5 22.3 33.6 ... 3.5 56.2 

Rb/SI' 12B~83 3 • .co 17.80 21.21 8.6'" 6.17 . 4.27 

1'liU> 70 170 111 '88 127 184 171 

.1.85 1.40 

10.8 

38.90 40.14 

27.93 25.19 

33.17 ' 34.66 

5O.9D 51.43 

4il.41 ..... 41 

5.68 4.16 

S4.65 . 5B.53 · 

39.24 3S.7i 
6.10 4.73 

330 272, 
47.00 "'3.5 

7.02· . 6.25 

124 160 

The ,sample numbers correspond to the numoers of sampling localities in 
Text-fig. 1 .' 

• Sample derived frOIn Czechoslovakia, the locality is not marked in, Text-fig. 1 
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Table :I 

Chemical analyses of typical Izera gneisses (weight %) 

-----------... -----...... _---------------_.------.---------------------.--... 
1 a 3 " 15 11 7 8 11 10 

110. of .... _pla 1 2a 2b . S " 11 11' .... . 7 UIo. 

----~---.-----------------~---------------------
sa02 
Ti02 
A1il3 
~·il3 
FeO 

'1InO 

IIgO 

CeD 

Nail 
Y 
HaO-
"ID· 

'aDs 
" C02 

8 

70 •• 2 

0.47 

14.l1li 

0.04 

2.17 

0.04 

0.78 

1.111 
3.20. 
4.87 

1.08 
0.210 

".d. 
0.10 

0.03 

72 •• 

0.311 
14.40 

0.:1.8 
1.41 

0.03 

0'-
1.23 
3.315 
4.73 

0.97 

·O.:l.S 
n.d. 

0.015 

tr. 

7O.H 
o~. 

10.07· 
0 •• 

s •• 
0.01 
0.61. 
0.87 . 

3.a 
e.711 

:I..a 
O.U 
nod. 
Oof11 

tr • . 

7A.12 111.20' 
O.SI D •• 

:1.2.81 ·iII.37 

0.11 0.31 

:1.003 2.113 

0.04 0.04 
0.111 0087 
1.. 1.38 
3.73 3.28 s.a ~ .• 3I 
0.78 . 1.28 

0.:1.4 0.11 
•• ,. n.d. 

Oof11 

0001 

77~04 

0.011 
11.17· 
0.31 
0.11 
000II 

O~ 

O.IA 
1.78 
1.111 
o.is 
0.12 ' 
n.d. 

tr. 

70.111 711087 
0.47 0.03 

".01 sa.08 
0 •• ' O.CM 

loIIA 0.11 0_ 0_ 
0.70 0001 

I.. 00lil 
3.73 e.sa 
..... I.D 

:1..40 0.13 

0.11 o.oe n.d. ...d. 
0.37 Oof11 

tr. tr. 

74.86 

0,. 

12.88 

0.02 

S •• 
' 0003 

0 •• 

S.17 

:t."" 
A.711 

0.157 

0.1a" 
n.cI. 

0.01 

72.111 

. O.M 
13.A7 

0.78 

1.112 

o.oe 
0.87 

S.SI 
:t.lll 
A.H 

1.02 

0.10 
n.d. 

o.:l.t 

--;--.;:'-1---""-;;-:';--'l1li--.-110--:1.00--.08--100-.-11--l1li-'-77-~Jx,""'.0-1--:I.OO-.-3II--:I.OO--.:LO--9-1I-.-al5---;:-"---

11'. ,,~ 

1101. I An 

'---.------~---------------

S.H 1.13 a.82 0 •• 1.011 0.19 ~ .• 
In pblgs,ecl. 15.! Ss.:I. l:I.a 11.1 19.0 13.1 ' 14.0 

Q 
All 

Or 

Q 

or 
AA 

Q 

Ab 

An 

~b pplO 

Sr pp. 

Rblsr 
K/Rb 

. 33'.02 36.306 29.42 32.12 '1.71 .41.72 29.7A ' •• 110 315.24, '311.88 
32.27 32.82 31.52 34.46 33.113 14.110 36.39 311.73 32'.31 33.73 
34.7S 32.14 311.06 3:I.A2 34.78 33.38 33.87 •• 37 SI.415 29.42 

4104.7. 47.72 «).00 ...... 18 42.39 54.81 42.83 47.17 AII.311 sa.14 
047.02 43.18 53.11 4S.se .... 47 .0.70 48.78 ~1.83 · A2.82 40.81 

8.14 S.89 6.811 A.78 is.I.. .. 1.!l1I 8.;18 7.83 .,04 

A6.26 47.... ....M . 411.1111 41.10 Sl.42 .S.32. AI.73 .m.n ... ·.211 
46.111 43.118 47.711 ..... $3 . 415.157 311.87 eo.M 117.27 A3.Aa .... SI 
8.63 8.... 7.ea" .... 68 12.33 1.01 8.10 . 7.715 7." 

~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ 

1411 110 13~ eo liD J.7.11 82 17.8 119.3 70 

i.a 1.es 1." .4.60 1.54 115.2& 2.13 7.10 04.65 ' 2.71 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

The sample numbers correspond to the numbers of sainpHng localities ' iD 
. Text-fig. 1 

• Aplite 

only points of · slight dissimilarity for the Rumburk granites are that 
some of them are a little more Rb-rich than the gneisses wdth ,the same 
content of Si02 and that the lack of negative correlation is .riot so 
evident in Kt<> vs SiO! diagram as for the gneisses. These featu~es do 
not appeal'" QPPOSed t6 the geDel"&1 cOOlC'rusian that arises from coneider
ing . all the diagrams the ' composition of the . Rumburk granite covers 
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TlOa 
'4'3 
'·"'3 .. 0 

'HnO 

"to 
CIIO 

"Y 
Y 
H",+ 

Hr!'
Pila 
COl. 
I 

7II.OB 
o.sa 

13001 

. D •• 

0.117 
0.03 
0.110 

1027 
2.83 
4.74 

0.77 
0.07 
n.cl~ 

u • 
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74.111 

0.111 

U.a. 
0 ... 

1.n 
0.03 
D.3\! 
0.113 
300II 

4087 
0~71 

0.11 
n .... 
0.07 

U 

711.13 

O.iII 
12.70 

. 0.22 

0.111 
0.01. 
0.10 

0.43 
3001 
11.29 
0.81 
·0.12 
n.d •. 

0.07 

Table 2 (cnt'd) 

77.46 

0.07 

12 •• 0._ 
0 •• 
'0.01 

0.111 
0.27 

2.711' 

l.iII 
0.114 

O.OB 
;'.d • . 

ZIt 

73.31 74.83 

0.33 0.2.4 
14.07 U.1I8 

O.X 0.01 

0.96 0.83 
0.01 0.02 
0.70 . 0.81 

0.10 O.M 
3.28 1..111 
•• U 15.87 
:1.34 1.25 ' 
O.U . 0.12 

. ft.d. n.d. 

.-
tr. 

Ub _~.~_!!:. __ _ 
76.36 71.12 

0.18 ' 0.12 

12.83 12.73 

0.38 0.13 . 

0.42 0.111 
0.02 0.03 
0.2& O.G 
0~47 . '0.89 

. 3.32 4.os 
.... 70 3._ 
1.03 ' 0.99 

O.iII 0.117 
n.d. ".d. 
0.04 0.28. 

Ir. tr. 

78.87 

0.11 
11.a.· 

1.00 

0.23 
·0.02 

0.:,1 
O.4g 

3.16 
3.11 
0.87' 
0.00' 

O.IV 

0044 

0001 

.711 •• 

O.OG 
13.2.4 
1_ 

0~36 
0.03 
0.33 
0.47 

2.84 

4.12 
0 •• 

0.0:1 
0.22 
0.16 

0003 

. ----------.... ~-... ---,-------------------..,.. 
'99.0:1 1OO.OB 100.04 T.t.l ... 78 l1li.711 100.04 100.12 1OO.~ . 100.10 100.07 --.. _-_._------------------.-----_ .... - ... ----._-

1f.,I'.a1 

11011 An 

0 .. 0087 1.28 0.83 0.7& 1.00 1.07 

1ft pblluol. 111.71 14.10 8 ... 11.01 8.02 4 •• 6.64 11.58 4.78 

Q 

Ho 

Or 

Q 

Or 

An 

lib'" Ir pp_ 

"/Br 
IVRb 

41.28 311.711 
27..GJ' 29.14 

• .811 :12010 

61.1511 151 •• 

39.110 42.47 

i.81 8.D 

84.78 113.37 

•• 88 40.12 
11'.38 11.81 

.39.111 3S~311 

27 .. 10 27.611 

33.14 38.05 

52.11. . 4S1.iII 
.... 611 . 48.74 

2.49 1.:1.0 

87.00 5G.61 
40.31 42.12 

2.88 2.37 

38.113 38.73 

30.113 24.110 

33. 43 38~B7 

49.110 110.48 
48.34 47.78 

3.811 1.73 

111082 ' 0.111 

.... 17 38.04 

4.01 2.08 

39.M 41.78 

30.17 . 38.92 

29.98 21.30 

115.27 63.<15 

41.67 32.35 

3.iII 4.10 

l1li.12 .111.28 

41.73 45.32 

3.15 3.40 

84.73 

·33.OB 

2.18 

80.13 
37.84 

2.p3 

~ ~ ~ ~ - ~ ~ .~ ~ 
Ill. 0.3 21.8 85.11' 38 50. 30 '48.8 30.7 

,3001 5.37 2,6.117: 10.42 8.88 3.80 8.33 4.66 11.74 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

1.30 

.11.30 

411.87 
240IIII 

211~ 

. 63.71 

3<4.211 
2.03 

317 

25.11 

12.<43 

ssll 

one part of .the composition range Of the Iz~ra gneisses.The two rock 
groups constitute therefore one common' geochemical complex. 

Finally, the question ari~es if the ;geOchemical data are consistent 
.with the hypothesis of only ~:me co-genetic magmatic series. The Harker 
diagrams show common. evolutive tendencies. This . is valid ·both for 
the elements showing negative corretation with 510li, and for those of 
abundance independent ofSiO,. It can be observed in all thedi,agrams 
that the ctimpositions of gneisses wlnch deviate from' those of the 
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granites have a calc-alkalinetendeney: relative abundance , of plagio
clase in the triangle Q-Ab-An (Text-fig . . 3), increase of AlIOs. XFe, 
MgO and Cao content while the SiO. content decreases (Text-fig. 4), 
simUltaneous dim!imltlian of Bb and SiO. (TeXt-fig. 6). The distribution 
of poilIlts represen1:iiDg the granites sJ:1ows tltis trend. 

Table 3 
Chemical analyses of leucogneisses and leucogranites (weight Oft) 

--------------------------------.--~--~---~-------. --.--~---1 2 3 4 ' 5 6 
No. 0 f th.. • •• pl/l B ia 9b 10 1:L .24e ------ ------------.----~-

810z 76.M n.39 n~411 76.33 711.72 76.83 
n02 0.07 'O.OB . ,0.10 0.'11 ' 0.12 ' ·O.Sl 

"1z03 12.42 12~08 12.11 12.22 ,IZ.26 12.28 

F·~3 0.21 0.22 0.15 0.21 -jMI:i\ 0.01 

FeD tr. 0.19 - O.ft 0006 0.71 

MIlD 0.01 0.01 0.01 0.02 0.01 0.03 
IIgO 0.12 0.16 0.12 0.21 ' 0.13 0.27 

CeD 0.62 0.42 0.153 0.B5 0.69 0.74 

Nei' 3.61 ' 2.,114 3.B-4 3.63 3089 3.62 

KzO 5.23 5.68 15.15 5.32 5.26 4.67 
Hi'+ 0.65 0.56 0.35 0.64 0.64 0.62' 

Hi'- 0.0-4 0.08 0.05 O.IZ 0.06 0.12 

Pi'6. n.d. ft.d. n.d~ "n.d. n.d. n.d. 

COz 0.09 0.0-4 0.09 
· 8 tr. --- ---

Totel IIII.B4, 1111.$10 99.114 . 1III.11S l1li.87 100.01 

--------~---.---

Eh IFeDl 0.21 O.ft 0.115 0.58 0.36 0.71 

Hol. :l; An 

In , plaglocl. 7.04 15.57 2.23 6.14 5.B5 9.8 

NoraeUve r.oeloulat.d 

Q 36.21 38.98 35'.63 35.70 35.74 37.Bl 

Ab 31~73 25.84 33.25 31.31 31.BO 32.6B . 

Or 32.06 35.1B 31.12 ' 32.99 32.46 29.61 

Q Ill.1-4 51 ..... 52.74 60.31 SO.84 53.ZI5 
Or -45.27 46.42 46.07 46.1l5 46.1B 41.56 
An 3.IlIII 2.14 'i.19 3.OB 2.98 5.19 

Q 51.37 58.67 51.13 51.69 51.32 50.97 

Ab 45.02 38.89 47.72 415.25 45.66 44.06 

An 3.61 2 ..... 1.16' ' 3.16 3.02 4.97 

Tree. ala •• nte 

Rb 'PP" 138 , 299 30:1. 306 376 281 

Sr PP"' eo 105 !56.~ 37.8 34.2 21.6 

R~/Sr 2.76 2.84 5.41 8.07 10.99 13.01 
K/Rb 314 159 142 145 116 138 

The sample numbers correspond to , the numbers of sampling' lOGalities in 
Text-fig, 1 
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·'.KtJ 
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Fig. 5. Harker's diagrams KIO/SiO. and NatO/SiO. for Izera gnei&ses (X), Rwnburk 
granites (0) and leucogneisses (+). The' deviated point represents cataclased 

granite No. ZO ' 

In the diagram KlRb as a function ~of K-content, the' representative 
'points define .trends different from' those usually observed in magmatic' 
sequences (TeXt-fig.' 7). These tendencies are: ' 'Vt) main trend wh~re 
KIRb = c01t8t. while' K varies, (b) diminution of K/Rb while K increases 
{Shaw · l968).In our case, OD the .contrary, the KlRb ratios vary inde
pendently-of the variation olK. Tibis latter characteristic is typical of 
·anorogenic peralkali and alkali granites '(Vidal &. a1. 1977). ' As this 

p.pm 
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Fig. 6 
Rb/SiO. and Sr/SiOI diagrams for !zera gneisses (X), Rwnburk granites' (0) 

and leucogneisses (+) ' 
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property concerns both the ~ gx.anites and the .zera gneiSses, 
it is difficu:1.t to assume that the association of these two fonnations is 
fortuit01lS~ 

In ootiSequence, the above d8Jta indicate well a common magmatic 
origin of 'both the Izera gneisses and the Rumburk aranites. 
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Fig. '1 
KlRb vs K diagram for Izera gneiilses (X), Rumburk granites (0) and leuco

gneisses (+ ) 

GEOCHRONOLOGY AND ISOTOPIC GEOCHEMISTRY 

'r.he ,rubidium.-strontium method was used to · furniSh new informa
tion on the following questions: (1)' age and origin ,of the Rumburk. 
graniltej (2) relationship between the Rumburk granites, the typical 
Izera ' gneisses . and the leucogneisses; (3) tAe extent of the Hercynim 
thermal influence. 

Twenty lib: samples were selected for' isotopic analyses (Table 4). Bubidlum-strontium 
analyses were performed on 100 DIg aliquo'ts of powdered samples. Strontium, was extracted 
by standard cation elCcbaDge teQlm!ques. Bubidlum and strontium contents were ' determlned 
by l~toplc dllution. ,The ' IIaIIlples were loaded onto oZtd1zed tantalum filaments and 
analysed on a TSN 208 maBB spectrometer (radius ao cm, 80° sector, operat!Jlg at 10 kV).' 
The data proce1111iD8: wall performed by an on-llne B~lett-Packard 9821i ' calCulator.' Tbe 
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measured value for the standard' NBS 987 was 0.71020 at the time this work was in 
progress. The error (2ofm) for an indiVidual run is typically of the order 0.05%. Ages were 
calculated with the York method (1966) using 1"7Rb ,=: 1.42.10-11 y-' giving 2% error on the 
87Rb/"Sr ratio . 

RUMBURK GRANITE 

Eight samples were analysed, one of them being an aplite (sample No. 16). 
Five samples originated from Poland, two from GDR (Nos 20 and 21) and one 
from Czechoslovakia (No. 32). 

2 

Table 4 
Results of rubidium-strontium analyses 

Rumburk granites 

3283 
3284 
3285 
3286 
4249 
4252 
4253 
4254 

No s of t eble 1 

16 
17 
18 
19 
32 
20 
21 
15 

'Izera gne,iases 

3267 
83287 

;'1288 
3289 
3290 
3291 
3292 

8329::: 
336? 
3363 
3364 

-3365 
4247 
4248 
4278 

M4278 

Nos of table 2 

1 

6 
6b 

258 
13 
12c 

28 
2b 
7 

14 
25c 
25b 

5 

Leucogneisses 

3366 
3367 
3368 
3369 
3370 

M3370 

Nos of table 3 

248 
11 
10 

9b 
9a 

Karkonosze granite 

84642 
84643 

Rb 

554 
251 
365 
473 
272 
287 
225 
240 

Rb 

188 
637 
175 
139 
222 
370 
281 

1517 
171 
175 
270 
270 
317 
207 
267 
837 

Rb 

281 
376 
305 
301 
298 

984 
1048 

Sr 

4 . 30 
73.9 
20.5 
22.3 
49.5 
34.3 
44.3 
57.3 

Sr 

146 
9.55 

82.02 
17.6 
48.8 
21.B 
52.3 
4.26 

110 
134 
59.3 
25.9 
25.5 
31.4 
17.8 

8 . 77 

Sr 

21.6 
'34.2 
37.'8 
55.6 

105 
24.0 

3.50 
18.5 

87Rb/86sr 

370 
9.85 

51.6 
61.2 
15.19 
24.53 
14.48 
12.19 

3.73 
193.1 

6.16 
22.9 
13.2 
49.2 
15.6 

1031 
4.46 
3 . 78 

13.16 
30.13 
36.1 
19.11 
43.38 

276 

37.77 
31.82 
23.38 
15,.69' 
8.21 

813 
164 

87sr/ 86sr 
3.37 2 
0.7784 
1.0692 
1.1486 
0.8154 
0.8539 
0.8010 
0.7915 

0.7336 

0.7493 
0.8184 
0.7892 
1.0406 
0.8103 
5.3855 
0.7396 
0.7336 
0.7939 
0.8743 
0.9124 
0.8245 
0.9791 

0.95B6 
0.8960 
0.6554 
0.8052 
0.7559 
1.2491 

4.3842 
1.4292 

----------------------~-------~--------------------------~-.-~-----" 
8 2 bioti te 

M .. muscovite 
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,Fig. 8 
87SrJ8'Sr vs II7Rhl8I$r diagram for Rumburklra~ites 

't ' 

As demonstrated , in" the ,preceding section, the Rumburk I11lnites ' are 
characterized by g~neraUy ,high Rb ' content, low Sr content and a large spread 

,in their Rb/Sr ratios. The results are sho:wn in' the ' 87SrJ81Sr vs 87Rbi"Sr diagram 
(Text-fig. 8). The' samples db' not, dElfine a straIght line; The mean square 
weighted deviation (MSWD) equals, 51 and corifirms ' that we are dealing with 
an errorchron. The calculated age is ' 492±45 , Myr and the initial 87Sr/"Sr ' ratio 
is O.7048±o.OllO." 

IZERA GNEISSES 

Twelve samples have been analysed" and tbey exhibit Rb/Sr 'characteristics,' 
siJDllar to that of the Rumburk granite. A strongly. s~ttered pattern is also 
observed in the 87Srf'lar vs l17RbfB'Sr diagram (Text-fig. 9). The age is 427±24 My}
and the initial l1SrJ81Sr ratio is O.7112±o.OO27; the MSWD',is 37. 

1.00!) 

0.900 

'87 ' 'Ft..-
RbrSr-' 

20 40 

, Fig. 9 
87Sr/"Sr vs 8'IR~r diagram for Izera gI)eisses 

1 -, typical Izera gneisses, 2 -.:. border facies, 21 ~ aplite 
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LEUKOG~SSES 

Five hololeucocratic rock samples have been analysed. 'i'h.e results are also 
scattered beyond the analytical errors (Text-fig. 10);· The age is· confirmed as 

. 456±36 Myr and the initial "Srl"Sr ratio as O. '1024±O.0078 (MSWD = 20) •. 

Q900 

20 

Fig. 10 
t7Sr/8l~r: vs .. embJ8'Sr . ~gram . for leucQgneiss~s 

APLITE 

An aplitic dyke (sample No. 6b) intruding the Izera gneiss complex· gave 
a model age of 350 Myr (q.sing an initial "StJ8'Sr ratio of 0.705)~ 

MiCAS. 

One . muscovite. from a. leucogranlte .. sample, one· ~uscovite and two biotites 
from three izera gne.i,sses indicate ages between 310 and 320 Myr. 

ORIGIN OF THE SCA"rl'ER IN THE lI'Sr .... ar vs IIsbll'Sr D~qRAIIS 

Four possjfbilities ·can be taken into consideration when eJCplaining the 
scattered results: (1) the· existence of several episodes of ·m.Bgrnatism 
throughout a period of some tens of imillions of years; ~2) lack of 
initial· isotopic homogenization among the roe;ks . having an identical 
age o:(·around 460-470 Myr. Such lack of homogenimtion .. could explain 
the position of .several poiIllts{like Nos 16 and 19 whiCh have model ages 
around 505 Myr) because the Sr . isotopic· ratios may grow very fast in 
liquids having /Very high Db/Br ratios (Vidal & at 1977). It caImo! .. . .. -. ~ . 

eXlplain, however, the position of point~ !having lower model ag~ (e.g. 
Nos. 1J. and. 14) as th~ would have ~ad initial 87Srf8'Sr'ratios roo . low 
to pe acceptable; (3'). ~he opening of the system cturing asubseql1pn40 
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metamorphism. It is well knowntl;lat granites having high Rh/Sr ratios 
can be rasther easily rejuvenated during a metamorphism., due to amics 
likebehavioUr.iby 19sfug part Or' .all the radiogemc sti"Ohtitimpreviously 
formed tBottmo.& at t~70; pe1hat&. ~l. 1971; Zartman &Marvip. ·1971); 

. (4) the weathering under superliclal eonditionsable to remove a- part 
of the radiogenic stronti:wn from the whole rock. In · this respect. the 
samples 20 of the Rumburtk granilt;e and 11 of the leucogneiss. which 
eXhibit evidence of weath~, plot Ibelow the -majoritY of samples. The 
samples of the Izera gneisBes derived from the border of the massif 
have been considered aB meta~koses. All these samples (Nos 5. 14, 25a. 
2Sb, 200) plot distincbly below the typical Izera gneiBses. This fact 
reflects their . arkW!ic nature. 

AGE RBl.ATIONSBIPS 

When .the weathered samples are discarded. (N~. 20. for Rumburk. 
granite, Nos 5, 14, 25a. 25b-, 25c for Izera gneisses and No.' 11 for ·leuco- " 
gneisSes)· the resUlts are. as follows:;(1} Dt!.,m~k gr~te,: the remaining 
data aTe .still Scattered (MSwID ~22), · -and . the age . is '501 ± 32 Myr 
with an initiall 87SrJ8lSr ratio of 0.704G±O.OO74~ (2) Izera gneisses: ·the, 
remaining samples define an isoohron, (MSWD :... 4.8) with an age of . 

. 462 ± 15 Myr and an initial 87Sr f88Sr ratio of 0.7090 ± 0.0013; · (3) Leuco~ 
gneisses: 'fhe four remaining. sainplE!,S defin~ an ~OC'hron (MSWD =2.7) 
w.ith an age of 473±16 Mvr and an fu,MiiaI· 87&/BlSr'ratioof '0.7003:1:: 
:1::0.0032. 

Within the analytical uncertainties, there are no significant ··age 
·differences among these, th1'ee units. Numerous examples ' lkrtownfrom 
the . literatUre &bow cleaI1l.ythat .the Rb-Sr method applied to· the whole-· 
-rock analysis .Of <mthogneisses reCOrds ·(in the majority -of cases) . the 
emplacement age of the precursors of 1lhe gneisses, i.e. the emplacement 
·age of the gTanites~. ,<an;:our,: . .0Ca8e, -"the" Ithree~imits menti9ned·, ha:ve.·:~been 
emplaced. between 500 and 460 . Myr ago, being therefore of Lower 
Pt11eozoie .~.age, (Upper . Cambrian-LowerlMid-Ordovician) .. 

iNITIAL ·IfSrJIISr RA'i'lOS 

·1be initial·:isotopic,ratio of the l-tumbtIrk gramtecould not· un .. 
fol'tu:rl8tely ·be pr£ic.iselY :esmblliShed and ' it . j6 therefore' difficult "to say ·· 
if the·· granites' :of Ruinbtitk derive fIohi the Earth's mantle or are ... of 
a CruStal origiii . . For !the IZei"a gneisses, 11he·· initial 87SrfBISr ,'ratio: is ~(). 709, 
and thiS ptObably·means . a crustaiOrigiD for . the '~recitisOrgr~te. It 
cai1not 'corre:sponcfto·,ah ·mtemal:large scal~ isotopic redistrlbUtlon"durrhg .. 
a ' suhsequEmt:t.netamoI;>hiBmfoi: 'the. reason ·g!ven· in· the "precedirig . 
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sectiOn: For tthe IE'U~ne~,the caloulateci. 'initial 1!7SrfB'Sr: ratio is 
too low,. to !be, accero;able (0. 700),b.ut w::lthln,· the analytical ~:ncertaintieS; 
a more acceptable value c~n: I;»e reached (0.'103). This,,~atio C9rr~<I£! ' 
to man.tle, type iSotopic, ratio& However, 'due to' th~ smaU number of 
samplES, the hypothesis of evell'buaO. Q,ntle origin far the l~eisses 
mtist be taken with sOme reservart.iQn. , 

SUBSEQUENT. ~ ;m:STOBY 

'!be two muscovites and the tWo biotites thaverevealed .dates between 
310',alld320 Myr. In order to mterpi-et ,the me~ing~ :tp.ese dates, we 
analysEd two -(biotites from ,the n~bY Kankan08Ze gran.ite(~ee,Tahle 4); 
'th~ obtained results, ~re 311 ,and" 318,Myr;.It is thereforeve:ry likely 
that the'dat~ 9f the mi~al;l frO~ the 'Ize,ra, gneisses also.d8te a ,thermal 
. event due, ~ the 'emplacement (If the ,!Pqst-tectOnic Karkon~e grarnte. 
'r.he ~plite sample (No. 6b),' which h8Bbee~' su;bject to the samemeta
mOI!phic proce8'Ses as the' gneisses, reveals a maximum model age. of 
350 MY1l" (using an initial 87Sr/$'8r .'ratio. O. 7'()5) .. .AssUmiJng 'a . cla:;e systein 
beh~viourduring 'the metamor.phism for this aplite, the age o.f, this 
metamorphism should be assigDed.asbetween 350 and 320 Myr. 

CONCLUSIONS 

, The' Izera gileisses' are' clOsely rela~ by their petrogr~phic 'features 
,to the plutonic rocks which border th~ in, the west and into which 
the gneisses ,pass 'progressively.' l'hlssimilarity gave riSe ia1 the paSt 
to some controversy as to their relationships; The age of these ,formations 
remained. in quesUqn. ' 

We have' demoIlBtrated thaJt' the RumbU1'lk granites ar.e not dis~ 
tingulshatble from. the Izera gneisses in their chemical compositions. 
Their !Ilonnative proj~on points are concentrated around the eutectic 
compOSitions in'the syStem Quartz --- Feldspars - H20. 

In the present paper, i\Some geological argumentS hav~ been set forth 
to demonstrate the intrusiv~ nature of, roC'ks related to -the gD,eisses 
and therefore ttbe orthoderived nature of these gneisses. As, appears 

, from. the diagrams, the chemical composition of the gneisses also indicates 
their magmatic origin. The' alignment of the gneisses' on the isochrom 
could ,be a' supplementary, argument to support the magmatic origin 
-of al1 these' rooks. 

The age of the intrusions under discussion is between' 500 and 
450 Myr.' The'discrepancy maybe due to the i~eXactitude of, the age 
d~iori 'of the' BUm~k granite., F?r the' gIlt!isses, ,the related 



lntruSions · are 'dated· more·precisely.between 480axid · 450· Myr; ·· (LoW-et:! 
~d-()i4ovicia:p.) The P,enecontemporaneotis · leucOgneisSeS: . Wi~hin the 
>tthogneiss ~lex~ppear . to .have·a:~ ·orlgill, ·more. infracrustal, 
md·· -possihlv mantle derived . . 

These new ·data agree perfectly With recent ,paleOntolOgical contr'iln.l- . 
;ions to the dating of the Kaczawa, Mts formations which weret~
:ormed .bytecto~etam.oIPb,iStil - after . FameriJ}.i8i). ·· times. Relics Of 
[lYPovolCantc fades attest to the very bigb-level p8ttite of the. intrUSion, 
the · elevated temperature of which ;is . ev.idenc~by thefeldspars. A rapid 
demidation . 'Vias sucOeded by . a · tra~on which was ·:diaC'1;lrcinous m . 
natu~;theearliest being put at tl1e~of the Ordovician. The-regional 
therina[eVent .. wmclt ·accompariied teCi;ogenesisis c· evidenCed hi. all th~ 
pluto~ites but the intensity·Of tectonre fabric .isveiy utlequa.t ThlS event 
iSp9St-Fmemuan ~rid · Older· than 31~2() Myrthe yOungerage:braclCet 
cO~J;espond:ing .. to ~e post-t.ecto~c·· em.placementof the .. KarkonosZe 
granite. 

Th~ ~t.·.study has. revealed .~d~e . fo~ an. 8ttOrOgeiuc a·l.kaJ.h)e . 
plutonism. during the Ordovician peJ.iod in the Western Sudetes. ··SuC'h 
evide,nce, ·· oomIilon in ·western · EurOpe; ... is · klterpreted- ··as .reflecting 
a tendeneyto cbritinentalriftogenesis in .this period (Vida:l 1976). Our 
reSultSDow extend thoBecanc1uSions to the ·central part of EUrope. 
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1 - Izera gneiss from SiedlElcin (point 2 in Text -fig. 1); the cataclasis was here 
sufficiently advanced for developing a foliation; recrysta1lization similar to 
that of augengneisses; crossed nicols, X6.5 

2 - Augengneiss from Wrzeszczyn (point 3 in Text-fig. 1); phenoclasts of alkali 
feldspar surrounded by finely granular feldspar and quartz fragments; re
crystallization, weak for the feldspar, develops pavement quartz; crossed 
niccls, X 6.5 
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1 - Detail of alkali feldspar phenocryst of Izera gneiss from Siedl~cin; visible 
are microcline cross-hatching, and veins of perthitic albite; crossed nicols, 
X 60 

2 - Detail of alkali feldspar of the ;Rumburk granite from Wigancice; crossed 
nicols, X 60 
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1 - Rumburk granite from Wigancice (point 15 in Text-fig. 1); the rock has 

suffered a slight compression but is not fOliated; crossed nicols, X6.S 

2 - The same granite: biotite p lates concentrated into isolated cluster develop d 

ouring sec~ndary recrystallization of large primary phenocrysts; parallel 

nicols, .X6§ J 
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1 - Alkali feldspar granite from Platerówka (point 23 in Text-fig. 1) with 
micropegmatitic quartz; static recrystallization after a slight cataclasis; crossed 
nicols, X 7.5 

2 - "Leptinite" from Kotlina (point 11 in Text-fig. 1); phenoblast of biotite 
preserving by its inclusions the su rface So; deformation of the blast by 
iolia tlon is visible; paralle! nicols, X 50 

ACTA GEOLOGICA POLONICA, VOL. 30 M. BORKOWSKA & al., Pt.. 4 

1 lkali feldspar granite from Plater6wka (point 23 in Text-fig. 1) with 
micropegmatitic quartz; static recrystallization after a slight cataclasis; crossed 
nicols, X 7.5 

2 - "Leptinite" from Kotlina (point 11 in Text-fig. 1); phenoblast of biotite 
preserving by its inclusions the su rface So; deformation of the blast by 
Ioliation is visible ' parallel nicols, X50 
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1 - Poeciloblastic garnet in a layer nriched in mica within the "leptinites" of 

Kotlina; crossed nicols. X120 

2 - l?rasinile of Siedl~cin; metamorphic development of albite blasts in chloritic 

groundmass; crossed nicols. X45 



ACTA GEOLOGICA POLO ICA, VOL. 30 M. SORKOWSKA & al., PLo 6 

1 - Marginal fades of Izera gneisses from Pilchowice; metaarkose recrystallized 
after having suffered a slight compression; the biggest crystals are detrital 
fragments of alkali feldspar; cro sed nicols, X6.5 

2 - Detail of a detrital fragment of alkali feldspar containing plagioclase from 
the same gneiss' metamorphic recry tallization develops a narrow fringe 
of burgeonning expansion on tbe border of spotty albite; crossed nicols, X65 
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POCBODzENm l 'W!BK GNEJSOw IZEBSKICB I GBANiTOw · B.UII81JBSKICB 

(Str~zczenie) 

W pracy przedstawiono zwiJlzki petrolog1c~e, geocbemiczne i ·,geoebronolo
~e gnejs6w izerskicb z grarutamirumburskimi. Wykazano, ze· tYJIowegnejsy 
i~8kie nie r6ZniIl. si~ swym skladem od granitOw' rumb\ltskich, przY czym skJad 
ten wskazuje na ich magmowlI genez~ (patTz fig: lc"-10, tab. 1--4 orazpL 1~. 
Pierwotnje·· 'intruzyJnY charakter 'dzisiejszYCh gnejs6w izersJ.dch potwierdzily nowt, 
QbaerwIlcje geologiczne. Dodatkowym ai-gumentem przemawiajllcym za magmowym · 
pocbodzen1em tycb ska} jest icb uszeregowaniena izocbronach. 

Gnejsy izerskie tworUl wraz z granitami rumburskimi wsp6lny kompleks 
skalny powstaly (500--460 milion6w lat temu. Intruzja granit6w (dzf.siejszych 
gDejs6w) izerskicll'datowana ·jest · na :4~O niilion6W ' lat, ···zlci ich deformacja 
jest pofamex?-ska, lecz starsza od, 310-320milion6w lat .. 
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