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Abstract. Six major plutonic massifs related to the Variscan orogeny occur in the Sudeten
Province of Poland. Starting with 116 major-element analyses available from literature and with the
aid of a parametric diagram, the chemical structure of these massifs has been studied. A comparison of
the main chemical trends has allowed us to classify the massifs into three major groups. Two of these
groups are related to the sub-alkaline igneous series and the third to the calc-alkaline series. It is suggested
that the geochemical trends of the massifs might be related to their structural position.

INTRODUCTION

The Sudeten Mountains, which are located at the north-eastern border of the
Bohemian Massif, have a complex internal structure. They consist of different
structural blocks belonging to several orogenies (from Precambrian to Paleozoic).
Six major Variscan granitic massifs occur in this zone (Fig. 1). These massifs occur
as both large plutons (Karkonosze, Strzegom-Soboétka, Strzelin and Kudowa)
and small stocks and sheet-like intrusions (Niemcza-Ztoty Stok and Bielice).

From field observations and a few radiometric dates these massifs have been
classified into two major groups: the synorogenic massifs (Niemcza — Ztoty Stok
and Bielice) and the late- to post-orogenic massifs (Karkonosze, Strzegom —So-
botka, Strzelin and Kudowa) (Przewlocki et al., 1962: Depciuch, 1971 —1972;
Depciuch, Lis, 1971 —1972; Lis, Sylwestrzak, 1978).

In a general way all the massifs are composite, being composed of various
igneous rock-types from diorites to leucogranites. It is however possible to group
the massifs according to their petrographic associations (Borkowska, 1966; Dzie-
dzicowa, 1963: Wierzchotowski, 1966). The massifs of Karkonosze, Strzegom —
Sobotka. Strzelin and Kudowa are composed of the association:” granodiorite
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Fig. 1. Distribution of the Variscan plutonic massifs in the Sudeten mountains. South Poland (Prze-

whocki er al., 1962)

I — Tertiary sediments, 2 — Late Paleozoic and Mesozoic formations, 3 — Early Paleozoic formations, 4 — Meta-
morphic schists, 5 — Tertiary basalt, 6 — Permian porphyrics and melaphyres, 7 — Variscan plutons, 8 — gabbro,
9 — serpentinite, /0 — major faults

(]ocal]y, tonalite), biotite granite, leucogranite and, for the two first-named massifs,
two-mica granite. It is to be noted that all these plutons have been strongly af-
fected by hydrothermal late- to post-magmatic alteration such as albitization
and muscovitization. On the other hand the last two massifs are more basic in
composition. The Bielice massif is composed of syenodiorite and tonalite whereas
the Niemcza —Ztoty Stok appears to be composed of two different rock series:
a finegrained series of syenodiorite and granodiorite and a medium-grained series
of diorite, tonalite, granodiorite and some monzogranite. According to geochro-
nological data (K —Ar) the medium-grained series has been dated at 300 MA and
the fine-grained series at 270 MA (Borkowska, 1975).

In spite of a large number of studies (Borkowska, 1959, 1966, 1975 : j 1
]963,' 1972 ; Smulikowski, 1958) there remains controversy over the o’rir\gjli?ec:?m:sze’
massifs. It has been considered that the Karkonosze, Strzegom and Strzelin massifs
were related to a crustal magma that has intruded and differentiated in the upper
part of the crust. A two step origin has been proposed for the Kudowa pluton
with a metasomatic granitization of the metamorphic basement followed by an
anatectic process. The magma was then able to differentiate and intrude its sur-
roundlpgs. Fmally, a syntectic origin has been evoked for the two massifs of Bielice
and Niemcza. This process would be related to a partial assimilation of basic to

intermediate surrounding rocks by an acid crust iedzi :
A y rustal magma (Dziedzicowa, 1963 :

Few occurrences of mineralization ar

€ associated wi i
are represented by small ore-bodies wit ith these maseifs andithey

h Sn, W and Cu in the Strzegom massif
8

and with U, Th, Be and Zr in the Karkonosze massif (Lis, 1970 ; Pendias and Walen-
czak, 1956).

The paper we present here constitutes a first attempt to determine the main
petrochemical trends of the Variscan massifs of Poland. We have used, for this
study, analytical data available from the literature, excluding however analyses
made before 1940. In such a way 116 major-element analyses were retained.

CHOICE OF A PARAMETRIC DIAGRAM

The chemical analysis of rocks gives a destructured information. However
most of the geochemical treatments, such as the study of the relationships between
mineralogical and geochemical evolutions, need a certain degree of structure.

As was shown by de la Roche (1978), it is very easy to define parametric systems
that are strongly coherent with the mineral facies of the rocks. According to this
idea a parametric diagram has been defined to study the evolution of igneous series.

The first objective was to display the degree of silica saturation or undersatura-

_ tion and this was achieved by defining the chemical function of the critical plane

of silica saturation (Yoder and Tilley, 1962). This function, which must equal
zero for olivine, clinopyroxene and plagioclase (which define the plane), has been
written (de la Roche and Leterrier, 1973):

F=48Si—11 (Na+K)—2 (Fe+Mg+Ti)—6 Ca—Al

where Si, Al, Fe... represent the number of millications calculated from raw oxide
percentages. :

The second objective was to maintain coherence between chemical and minera-
logical evolutions which produce, during differentiation of igneous rock series:

— a progressive increase of the ratio Fe/(Fe+Mg).

— an increase in the (Ab+ Or)/An ratio with a concomitant decrease in the
An content of the plagioclase.

This objective was reached by partitioning the function F between two para-
meters R, and R,. The choosen partition parameters (de la Roche and Leterrier,
1973) were defined by:

X = R, = 4Si—11(Na+K)—2(Fe+Ti),
Y = R, = 6 Ca+2 Mg+Al

In the R, versus R, parametric diagram (Fig. 2), olivine, clinopyroxene and
feldspars are distributed along the first bisecting line which thus corresponds to
the projection of the critical plane. This line devides the graph into two domains:
the silica-saturated domain on the quartz side and the silica-undersaturated domain
on the nepheline side. In this diagram the different igneous series are easily disti-
nguishable and the diagram has been applied to the classification of igneous rocks
(Fig. 3) (de la Roche, 1976; de la Roche ez al., 1979).

Finally, it is important to note that this diagram includes a well-defined minera-
logical network and thus may be used to plot modal data as well as chemical data.
In such a way, the location of the representative point of a rock can easily be ap-
proximated by a simple geometric construction starting with its modal composition
and the chemical composition of its minerals (essentially the An content of the
plagioclase and the Fe/Fe+ Mg ratio of the coloured minerals). We have largely
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Fig. 2. Parametric diagram. R, R,, derived from the chemical transposition (de la Roche and Leterrier,
1973) of the normative tetrahedron of Yoder and Tilley (1962)
The parameters are calculated in terms of millications per 100 g of rock or mineral. The minerals are plotted as ideal
end-member compositions

used this method for our study on the Variscan granitoids of Poland because of
the paucity of chemical data available for some massifs. The good coherence
between chemical and modal data is well illustrated in Figure 4.
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Fig. 4. Distribution in the R, R, diagram of samples from the Bielice massif

The points were plotted using chemical data or modal data (see the text for explanation). Tie lines join samples for which
we have both chemical and modal analyses

PRESENTATION OF THE RESULTS

THe primary purpose of this study was to obtain an initial broad synthesis of
the petrochemical properties of the Variscan plutons of Poland. Consequently,
a general diagram, with the contoured areas and the representative points of the
average compositions of the main rock types of the different massifs, is presented
(Fig. 5). The average compositions are given in Table 1.

Some major features may be deduced from the distribution of the massifs in
Figure S.

1. From the chemical data, the Niemcza —Ztoty Stok massif may be divided
into two chemically-distinct units. The first one, composed of monzonites transi-
tional through monzodiorites to tonalites, is characterized by a high alkali content
(Na+ K varies between 180 and 190 millications). The second unit, comprising
diorites, tonalites and some granodiorites, has a lower alkali content (Na+ K
varies between 138 and 162 millications). Unfortunately, the field and petrographic
relationships between these two units are unknown because of the general lack
of geological information accompanying the chemical data.

In the same way the 'tonalitic rocks of the Strzegom — Sobotka pluton seem to
define a geochemically-distinct unit. This hypothesis accords well with recent
studies of that pluton (Majerowicz. 1972).

2. Starting with the elongation of their distribution areas, the massifs may be
divided into three major groups.

The first group, with an approximately horizontal elongation (i.e. relatively
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Fig. 5. Distribution in the R, R, diagram of the six major Variscan plutonic massifs of Poland
Each massif is defined by a field enclosing all the analyses used. Also shown are the mean compositions of rocks types
within each massif: 8 — diorites, Mz3 — monzodiorites, T — tonalites, yd — granodiorites. y — biotite granites,
Ly — leucogranites. yM — two-mica granites. The massifs are distributed in three groups according to their main
evolutionary trends: group / — massifs of Karkonosze, Strzegom and Kudowa, group 2 — massif of Bielice and first

unit of the Niemcza massif. group. 3 — massif of Strzelin and second unit of the Niemcza massif

constant R, value), is defined by the three plutons of Kudowa, Karkonosze and
Strzegom —Sobotka (excluding. from this latter pluton, the tonalites). This elonga-
tion reﬂe;ts the evolution from granodiorites through biotite granites then to
leucogranites and some two-mica granites. It is to be noted that the granodiorites
from these plutons occupy an abnormally low position in the R, R diagram (i.e
low R'2 values)_being located in the area normally restricted to grzlmitze sensu %tric.t(;
(see Fig. 3). Thxs may be explained by the fact that the An content of the plagi*oclase
in these rocksislow (An 12 —15) with respect to normal granodioritic rocks (An25—
—30). Such pequliarity may be related, at last partially, to the widespread hy:iro-
thermal alteration, more particularly albitization, that has affected these three
plutons.

The secondlgroup, the elongation of which is oblique with regard to that of
the ﬁ_rst group, is typified by the Bielice pluton. one of the two units of the Niemcz:
massnfalnd_ the tonalites of the Strzegom pluton. This elongation is delermi;eergté;
grznz\:j?0|:§::£ from monzonites through monzodlomes' to tonalites and some

_ Ihe third group. the elongation of which is the most vertical includes the St
lin massif and th.c s.econd unit of the Niemcza massif. The elongation reflect FIZ}T'
evolution from diorites through tonalites to granodiorites and some granites fll‘sl thz

Strzelin massif). It must be noted that this i
: 1 this group may be distingui
two previous ones by its lower total alkalj con{)ent (yTablelslt)mnghed A
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DISCUSSION OF THE RESULTS

Granitoid magmas can be essentially formed by the action of two different
petrogenetic processes: (a) by differentiation of basic or intermediate magmas,
and (b) by anatexis and/or syntexis of pre-existing crustal rocks. The first-mentioned
process is, in general, expected to have yielded only a relatively small amount of
granites available for study. However, the basic or intermediate magma, during
its rise through the crust and its differentiation, may be strongly transformed by
an hybridization process with anatectic crustal magma. The proportion of granitoids
may then be strongly increased.

In the Bielice, Niemcza and Strzelin massifs true granitic rocks are scarce with
regard to basicand intermediate rocks, then the first genetic process may be assumed.
On the other hand, granites and granodiorites are the only or the most predominant
rock types in the Karkonosze, Strzegom —Sobotka and Kudowa plutons. In such
cases, the second hypothesis of granite formation might be more appropriate.
However some important features. of these plutons must be considered. Firstly,
in the pluton of Strzegom, tonalites, chemically equivalent to those which are
present in the Bielice massif (and in the first unit of the Niemcza massif), are ass-
ociated with the granitic rocks. The Strzegom pluton has intruded a gabbroic
pluton whose exact age and petrogenetic characteristics are unfortunately unknown.
In addition, the granitoids of the Karkonosze pluton contain abundant basic
enclaves. This indicates that, even if a crustal origin appears to be the best genetic
hypothesis for the three granitic plutons, the participation of intermediate or
basic material can not be discounted.

The granitoid rocks may be subdivided into three major groups: the calc-
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E B — The Ballons massif
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Fig. 6. Comparison of the main evolutionary trends of the three major groups defined for the Van_scan

massifs of Poland with main trends of some well-known igneous series : calc-alkaline series — the _Sxerru

Nevada Batholith (Bateman et al., 1963); two sub-alkaline series — the plutons of Ploumanac'h, Brittany
(Barriére, 1977) and of The Ballons, Vosges (Pagel and Leterrier, 1979)
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alkaline granites. the sub-alkaline g;anites and the alkaline (to p?ra}ikahrie)
granites. The first two groups are typxcally_present in orogenic zones; t.te calc-
-alkaline granites are essentially synorogenic and the sub-alkalml:: lgram es .zise
often assumed to be late-to post-orogenic. On the other hand alkaline granites
: EA%{)ltct?fl:lyV::‘]i(s)ggrglegi;.ssifs of Poland are orogenic and it is_ possible to deﬁne
their type of magmatism by comparison with some well-studied plptonlcl\]ser’u(:js.
In order to illustrate the calc-alkaline trend we have ch_osen the Sierra Nevada
Batholith series (Bateman et al., 1963) and, for the sub-alkaline trend, two Her{:/yman
French plutons of Ploumanac’h, Brit)tany (Barriere, 1977) and The Ballons, Vosges
g errier, 1979) (Fig. 6).
(Pa:Te}llearrll?eaI;letevolulionar)? t(rend defined for the three plutons of Karkonosze,
Strzegom and Kudowa corresponds well with the trends of the two monzogranites
of Ploumanac’h and The Ballons plutons which are related to a sAub—alkalme. series.
In addition, the three Variscan plutons of Poland are pharactenzed by their high
total alkali content, as are the two French monzogranites. It ml'xs.t bg noted that,
for the two French monzogranites, a hypothesis involving hybridization between

a sub-alkaline intermediate magma and a crustal magma has been proposed

(Barriere, 1977; Pagel and Leterrier. 19_79)‘ S : o

The mean trends for the Bielice massif and the first unit of the Nlemcza massﬁ
are also characteristic of a sub-alkaline series with an equally high to_tal alkali
content. On the other hand, the mean trend defined for the Strzelin massif and t_he
second unit of the Niemcza massif appears to be near a calc-alkaline. These_masmfs
arealso characterized by alowertotalalkalicontent than the two previously discussed
series.

CONCLUSION

By using 116 major-element analyses available from literature we have indicated
the “chemical structure’” of six Variscan plutonic massifs of Poland.

With the help of a parametric diagram, in which it is possible to distinguish
the main igneous series, petrochemical differences between the massifs has been
demonstrated.

-Firstly, within the Niemcza massif we have distinguished two distinct rock
series which have major chemical differences(such as the sum of the alkalies).

The study of the main evolutionary trends permits us to classify the massifs
into three groups.

1. The massifs of Karkonosze, Strzegom —Sobotka and Kudowa are composed
of granodiorites, biotite granites, leucogranites and some two-mica granites. These
three massifs were affected by an important hydrothermal alteration (albitization
and muscovitization). According to their main evolutionary trend these three
massifs are related to sub-alkaline rock series.

2. Tihe Bielic.e massif and the first unit of the Niemcza massif comprise mon-
zonites, monzodiorites, tonalites and some granodiorites. According to their main
evolutionary trend these two massifs, as the previous ones, are related to sub-
-alkaline rock series. :

3{. The Strzplin massif and the second unit of the Niemcza massif contain
diorites, tonalites, granodiorites and minor granites. These two massifs are
related to calc-alkaline rock series.

The m.assifs of the first two groups, being related to sub-alkaline rock series,
are thus likely to have formed as late- to post-tectonic massifs. On the contrary,

16

the massifs of the third group, being related to calcalkaline rock series are therefore
considered to be syntectonic massifs.

This essentially chemical classification of the Variscan massif of Poland presents
some major differences with the chronological and structural classification previously
presented. These differences concern essentially the Bielice and Strzelin massifs
respectively classified by previous authors as synorogenic and post-orogenic. On
the contrary, we consider on chemical evidence that the Bielice massif may be
post-orogenic and the Strzelin massif may be synorogenic.

Such divergence between the two classifications might be explained if the major
element chemistry of the massifs is, in fact, atypical of their original tectonic setting.
However, it is important to note that the Strzelin massif appears to be related,
such as the Niemcza massif, to a major variscan fault.

Finally, the resolution of this problem requires further precise age determina-
tions for all the Variscan massifs of Poland.
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Anna DZIEDZIC, Jacques LETERRIER

GLOWNE GEOCHEMICZNE TRENDY
W WARYSCYJSKICH GRANITOWYCH MASYWACH SUDETOW
I ICH PRZEDPOLA

Streszczenie

Rozpatrywano geochemiczna struktur¢ masywow granitoidowych Sudetow,
postugujac si¢ parametrycznym diagramem R,/R, (de la Roche, Leterrier, 1973).
Jest to transpozycja normatywnego tetraedru Yodera i Tilley’a (1962) uwzglednia-
jaca mineralogiczng i chemiczna strong dyferencjacji. Jak wykazat de la Roche
(1978), mozna w stosunkowo prosty sposob zdefiniowa¢ parametryczny system,
ktory pozostaje w Scistym powigzaniu z facjami mineralnymi i moze stuzy¢ do
badan serii magmowych.

Poréwnanie glownych geochemicznych trendow przeprowadzono w oparciu
o pelne analizy chemiczne 1 mikrometryczne dostgpne w literaturze. Pozwolito to
zakwalifikowa¢ badane masywy do trzech grup; dwie zwigzane sa z subalkaliczna
seria magmowa, trzecia z serig wapienno-alkaliczna. Geochemiczne trendy ma-
sywow o zlozonej genezie sa zwiazane z ich strukturalna pozycja.

OBJASNIENIA FIGUR

Kig. 1. Ill;ézzr;lieszczcnic waryscyjskich masywow granitoidowych w Sudetach (wg Przewlockiego i in.,

;_ f-“‘.'“")' trzeciorzedowe, 2 — poznopaleozoiczne i mezozoiczne formacje, 3 — wczesnopaleozoiczne
ormacjc, 4 — metamorficzne lupki, 5 — bazalty trzeciorzedowe, 6 — permskie porfiry i melafiry, 7 — ma-
SyWy zwigzane z orogeneza waryscyjska, 8 — gabro, 9 — serpentynit, /0 — glowne uskoki

Fig. 2. Parametryczny diagram R, R, pochodzjcy z chemicznej transpozycji (de la Roche i Leterrier,
1973) normatywnego tetraedru Yodera i Tilley‘a (1962)
Parametry sa obliczone w milikationach na 100 g skaty lub mineralu

tig. 3. Schemat klasyfikacyjny dla skal magmowych (de la Roche i in.. 1979)

Fig. 4. Rozmieszczenie na diagramie R, R, probek z masywu Bielic
Punkty naniesiono na wykres na podstawie danych z analizy chemicznej i mikrometrycznej. Linia potaczono
punkty reprezentujace wyniki analiz z tej samej probki

Fig. 5. Rozmieszczenie na diagramie R, R, sudeckich masywow waryscyjskich w Polsce
Kazdy masyw zdefiniowany jest przez pole obejmujace wszystkie przeliczone analizy. Wykazano takze $redni
sktad chemiczny skal w kazdym masywie: § — dioryty, Mz8 — monzodioryty, T — tonality, y6 — grano-
dioryty, y — granity biotytowe, Ly — leukogranity, yM — granity dwumikowe. Masywy rozmieszczone sa

w trzech grupach zgodnych z ich ewolucyjnymi trendami: / — Karkonosze, Strzegom, Kudowa, 2 — Bielice,
Niemcza I, 3 — Strzelin, Niemcza 11

Fig. 6. Porownanie ewolucyjnych trendéw trzech gtéwnych grup okre$lonych dla waryscyjskich ma-
sywoéww Sudetach z gtownymi trendami niektorych, dobrze znanych magmowych serii: wapienno-
-alkalicznej — batolit Sierra Newada (Bateman i in., 1963) oraz dwoch subalkalicznych —
Kompleks Ploumana’ch, Masyw Armorykanski (Barriere, 1977) i masyw Ballon, Wogezy (Pagel,
Leterrier, 1979)

AnHa AEAML, XKak TIETEPBE

FMABHbIE TEOXUMWYECKUE TPEHbI
B BAPUCLUMUNCKUNX TPAHUTHbBIX MACCUBAX CYAETOB
N NX MPEAMOIJIbA

Pesome

lFeoxumuueckas cTpykTypa rpaHutonaHbix maccusos Cyaetos paccMarpu-
BANACb NPU WUCNONBL3OBAHWUM napameTpuyeckoi auarpammel R,/R, (ae na Pow,
INMetepbe, 1973). D10 TPAHCNO3NLMA HOPMATUBHOrO TeTpasapa Moaepa u Tunna
(1962), yuuTbiBatowan MMHEPANIOrMYECcKy O U XUMUUECKYHO CTOPOHbI AUdepeHLU-
uaunu. Kak nokasan ae na Pow (1978), MOXXHO cpaBHUTENLHO NPOCcThIM O6pazom
onpeaennTb NAPAMETPUYECKYHO CUCTEMY, KOTOPAA TECHO CBA3AHA C MUHepPAnb-
HbIMM (AUMAMU U MOXKET CNYXWUTb ANA WUCCNEAOBAHMM MArMATUYECKUX CEPUH.

CpagHeHMe rNaBHbIX FrEOXMMUYECKUX TPEHAOB BbINO NpoU3BEAEHO HA OCHOBE
NONHOrO XMMUYECKOro U MUKPOMETPUYECKOrO AHANU3OB, AOCTYNHbIX B NUTEpa-
Type. DTO A4ANO BO3MOXHOCTb OTHECTW MUcClleAyeMble MACCUBbLI K TPEM rpynnam:
ABE U3 3TUX rPynn CBA3AHbl ¢ cybuieNnoYHOW MArMaTuyeckon cepuei, TpeTbs —
C KANbLMeBO-LLeNoYHOW cepuel. leoxuMmuYyeckue TpeHAbl MACCUBOB CO CTOXHbLIM
reHesucoM CBA3AHbI C UX CTPYKTYPHOW NO3nuUMen.

OBBbACHEHUE K ®UTYPAM

®ur. 1. PasmelleHne BAPUCUMMCKUX FPAHUTOMAHBIX Maccusos B Cyaerax (no [lMwesnouxku W Ap.,
1962)
1 — TpeTuuHble 06pa3oBAHUA, 2 — NO3AHENANEOIONCKUEe W Melololckue dopMaunk, 3 — paHHenaneoon-
ckue GopMauuu, 4 —meTamopuUeckne cnaHubl, 5 —TpeTuuHbie 6alanbTel, 6 —nepMckue Nopdupsl M
Menagupbl, 7 — MACCMBbI, CBAIGHHbIE C BAPUCUMACKUM oporeneancom, 8 —rabpo, 9 — cepnenTHHMTSI,
10 —rnasHbie c6pocsl
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dur.

dur. 3
dur.

dur.

MapameTpuyeckas AMarpamMmMa R, R, MCXOAALIAA M3 XUMUYECKON TPAHCNOIULUM (ae na Pow
u Merepue, 1973) HopmaTueHOro TeTpasapa Moaepa u Tunna (1 962)

MapameTpsl paccyMTakbl 8 MMAKMKATHOHAX Ha 100 r nopoasl UK MUHepana

CxeMa knaccdUKAUMM MarmMaThieckux nopoa (ae na Pow v ap., 1979)

PasmewieHue Ha auarpamme R, R, npo6 M3 maccusa Benuue

nyNKTbl HAaHeceH bl Ha I'PO¢“K HAQ OCHOBAHWUM AGHHBIX XMMMYECKOro U MMKPOMETPUYECKOro aHANuiose.
NuKHMeN coeaMHeH bl NyHKTbI, NPEACTABNAIOLINE Pe3yNbTATbI AHANUIOB OAHOM M TOM Xe Npobsl

Pasmewenune Ha auarpamme R, R, cyAeTckMX BApUCUMWCKUX Maccueos B [Monblwe

Kaxabii maccua onpenenéu noneM, oXeaTbIBAIOWMKUM BCE NEPECHUTAHHbI® AHANMU3LI. Mokazan Takxe cpea-

HMH XMMMYECKMW COCTAB NOPOA KAXAOrO M3 MACCUBOB: O — AWODUTLI, Mz — MOHUOAMOPUTHLI, T — TO-
MaNUTBI. Y& — rpaHoanopuTel. Y —BMOTUTOBBIE rpaHuThI, Ly — neikorpanutsl, YM — asycnioaamsie

rpaHuTsl. Maccuebl pasMewlerbl B TPEX FPyNNAX COrNGCHO C 3BOMOUMOHH bIMU TpeHaamu: 1 — KapkoHouwe,
Crwerom, Kyaosa, 2 — Benuue, Hemua 1, 3 — Crwenun, Hemua |1

CpagHeHMe 3BONMIOUMOHHBIX TPEHAOB TPEX FNABHLIX FPyNn, OonpeAenéHHbIX ANA BAPUCUUMN-
ckux maccupos B CyseTax ¢ rMAaBHLIMM TPEHAAMU HEKOTOPbLIX XOPOLWO M3BECTHbIX MArMa-
TUYECKUX Cepuit: kanbumueso-wenoyHon — 6atonut Creppa Hesaaa (bateman u ap., 1963),
a Takxe AByX cybuienoyHbix — komnnekc MnoymaHax, maccus ApmopukaHckuit (Bapeep,

1977), maccus bannow, Boressi (Marens, Netepse, 1979,



