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V o r w o r t

Die 1981 im Territorium der Deutschen Demokratischen Republik durchgeführten 

Feldarbeiten und Arbeitsberatungen der Unterkommission 2 bilden den Abschluß einer 

Reihe von Einsätzen in Typusgebieten der Ophiolithassoziation, wie sie im kleinen 

Kaukasus und der Seenzone der MVR einerseits sowie in mittel- bis sildosteuropäischen 

Regionen mit besonders problematischen Ophiolith- und Initialitvorkommen andererseits 

gemeinsam durchgeführt wurden-. 

Diese im Südteil der DDR und SW-'reil der VR Polen besuchten Gebiete gehören zu den 

klassischen Deformationszonen der Varisziden Zentraleuropas, 

Das betrifft auch das Vorkommen und die tektonische Stellung der sogenannten "Ini

tialite" STILLEs, die charakteristisch für das Anfangsstadium der Geosynklinalent

wicklung der Varisziden sind. Als Basite leiten sie den geomagmatischen Zyklus STILLES 

ein, 

Die modernen.internationalen Forschungen orientieren heute insbesondere auch auf 

die stoffliche Analyse derartiger Magmatite. Gesucht sind Aussagen zur Krustengenese 

simatisch oder ensialisch -- zu Beginn des Geosynklinalprozesses bzw. des Riftprozesses 

im Sinne mobilistischer Vorstellungen. Gleichzeitig werden detaillierte Aussagen für 

die geotektonische Position erwartet (Analogievergleich auf stofflicher Grundlage), 

Die spezielle Untersuchung der strukturellen Stellung der "Initialite" gestaltet 

sich in den Faltungsgebieten der Varisziden Mitteleuropas (Saxothuringikum, Rhenoher

zynikum) jedoch schwierig, Das betrifft die Klärung des Charakters der magmatischen 

Körper (autochthon - allochthon, effusiv - subeffusiv), 

Verglichen mit dem "Inselbogen-Magmatismus" und-vor allem den magmatischen Er

scheinungen im Bereich der Rifte mittelozeanischer Rücken, hat die zonare bis lineare 

Anordnung der Dasite große Bedeutung. Gesucht sind Beziehungen zwischen der räumlichen 

Anordnung der basischen Körper und den Förderzonensystemen, Auch der Massenhaushalt 

der Basite beansprucht großes Interesse für die Forschung, wn die einzelnen Bereiche 

der Mobilzonen (Tektogene) zu charakterisieren und zu klassifizieren. 

Dem Einsatz geophysikalischer Methoden (Magnetik) sollte zukünftig mehr Bedeutung 

zugemessen werden, um das Auftreten der Basite auch in verdeckten Einheiten (z,B� Sub

herzynes Becken, Thüringer Becken im Gebiet der DDR) regional verfolgen zu können 

Hierbei bieten sich Möglichkeiten, Elemente der Geoaynklinaltheorie mit den Vorstel

lungen der Plattentektonik schrittweise zu verbinden. Das sind wichtige Ziele der PK IX 

zur Klärung der Krustengenese, 

" 
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In diesem Sinne faßt der vorliegende Sammelband vorwiegend stofflich orientierte 

Beiträge zur Ophiolith-Initialit-Problematik zusammen. Diese sollen die im Exkursions

filhrer enthaltenen (z.T. bisher unveröffentlichten) Arbeiten ergänzen und -- hinsicht

lich des gewählten regionalen Spektrums -- in den Rahmen der Gesamtproblematik der 

PK IX stellen. 

Aus technischen GrUnden war hierbei nicht immer eine logisch-thematische Aufeinander

folge der Beiträge zu realisieren. Hauptanliegen des Sammelbandes ist ein baldiger 

Z�griff zu den Arbeits- und Diakussionsergebnisaen, die neue wissenschaftliche Impulse 

für die Kooperation mit anderen Arbeitsgruppen der PK IX auslösen mögen. 

K.-B, JUBITZ 
Ständiger Vertreter der AdW DDR 
fUr PK IX 

•
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S u m m a r y 

Mesozoic Basalts of the MaU Karpaty Mts. 

(the Western Carpathians) - 'l'heir S1gn1-

ficance for the Tectonic Interpretation 

of the Variscan Granodiorite Massif

DUSAN HOVORKA, 1) PAVEL PITOil.AK 2>: and JAN SPISIAK 1)

5 

Within the Variscan grenodiorite massif of the Mal� Karpaty Mts. a vein of alkali 
basalt occurs. lt contains recrystallized Carbonate rock xenoliths. By its petro
graphic and geochemical character and also by determined K/Ar age, the vein corres
ponds to Mesozoic effusives of the central zones of the Western Carpathians. On the 
basis of fabric features the vein is supposed to have been formed after the grano
diorite massif overshift in the Alpine orogeny; carbonate rock xenoliths are a part 
of granodiorite massif substratum in its present-day position. 

Mesozoische Basalte der Kleinen Karpaten (West-Karpaten) - Ihre Bedeutung 
fUr die tektonische Interpretation des variszischen Granodioritmassivs 

Z u s a m m e n f a s s u n g

In den variszischen Granodioriten der Kleinen Karparten tritt ein alkalischer 
Basaltgang auf. Er enthält rekristallisierte Karbonatxenolithe. Durch seinen petro
graphischen und geochemischen Charakter und sein K/Ar-Alter entspricht dieser Gang 
den Effusivgesteinen im Mesozoikum der zentralen Zonen der Westkarpaten. Er entstand 
nach der Uberschiebung des Granodioritmassivs während der Orogenese; die Karbonat
xenolithe sind TrUmmer des Granodioritmassivunterbaus in seiner derzeitigen Position 
(Paläozoikum? Mesozoikum?). 

Basaltes mesozoices des Petita Carpathes (ouest des Carpathes). 
Leur signification pour l'interpr6tation tectonique du 

massif granodiorites varisques 

R e s u m � 

Dans les granodiori tes varisques des P·eti ts Carpathes apparai t une veine de basal te 
alcaline. Elle contient des xenoli thes des carbonates recristalis6s. Par son caracte1re 

1' Paculty of Sciencee Comenius' University, Gottwald. n6m. 19, 886 02 Bratislava, 
Czechoslovakia 

2) Geological Institute of the Slovak academy of sciences, Dubravsk6 cesta, 809 40
Bratislava, Czechoslovakia 
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petrographique et g�ochimique, ainsi que par le K/Ar ige d�termin6 elle correspond 
aux effusives du Mf!sozoic des zones centrales des Carpathes 0ccidentales. Elle s'est 
form€! apres le charriage du massif granodioritique. Au cours de l'orogene alpin; les 
xenolithes des carbonates sont des tron9ons du soubassement (Pal�ozoique? M6sozoique ?) 
du massif granodioritique dans sa position contemporaire. 

Mesosottcrui:e 6a3aJIE,TH Ma.ma KapnaT (3ana,IIHHe KapnaTH) - HX sHaqeHHe 'AM TeRTOHaqecRoä 
HHTepnpeTaI.UIH BapRCtnIHCKOro rpaHO'AHOPHTOBOro MacCHBa 

P e 3 JO M e

B rpaHO'AROPRTax BapHHCUHllCROro B03pacTa MaJIWC KapnaT 6HRa 06HapyxeHa JKHRa aRRaJmqe
CKOro 6asa.m.Ta. ÜHa BKJIIOqaeT MeTaMOpqllf30BaHHHe RCeHORHTH Rap6oHaTHHX ßOPO'A, 1RRa 
CBOHM neTporpaqmqecRRM H reo�r.mqecRRM xapru<TepoM H 'AaJKe B03pacTOM (K/Ar 'AaTHPOBa
HHe) OTBeqaeT 3ffl3HB8M Me3030R ueHTpaJThHHX 30H 3ana,nHHX KapnaT. TexcTyPHO-CTPYR
TypHHe rtpR3H0.Rß CBH,IteTeJII,CTByIOT O TOM, qTo llRa B03HHRJia nocRe TeKTQHHqecKoro nepe
MemeHHR rpaHO'AHOPRTOBOro MaCCHBa B aJIE,ImHCKOM oporeHe (cpe'AHHH MeR?); KCeHORHTH Rap-
6oHaTOB RBJISIIOTCR OTOpJKeHUSMR cy6cTpaTa (naneosott? Mesosoß?) rpaHO'AHOpHTOBOrO MacCHBa 
B ero COBpeMeHHOH Il03HUHH, 

1. Introduction

Volcanic rocke appear in various tectonic-facial Mesozoic units in the Western
Carpathians segment of the Tethys. They are the Triassic up to Jurassic in age. 
They build up teschenite-picrite Cretaceous formation of the Flysh Belt, formation 
of alkali basalts of the Western Carpathians central zones, and also they are a 
member of incomplete ophiolite formation of the innermost Mesozoic units (Gemericum, 
Bükkicum; H0V0RKA 1978). Within Variscan granodiorite massifs and their metamorphic 
mantle the Variscan and Alpine basic rocke have the character of lamprophyres and 
porphyrites. 

In the couree of recent time basic eruptives in the Meeozoic complexes of the 
Western Carpathians were the eubject of our investigation (H0V0RKA - SPISIAK in pre
paration). The vein found in the Mal, Karpaty Mts. granodiorite massif (Fig. 1) 
seems to be their subsurface equivalent. The Mal6 Karpaty granodiorite massif iteelf 
belongs to the group of late- up to postkinematic Variscan massifs of the Western 
Carpathians core mountains (250-380 m. y., CAMBEL - VESELSKY 1981). 

The alkali baealt vein is traceable within the distance of about 200 m, its thick
ness observed in the outcrop resches about 80 cm. It is of nearly vertical dip. 
In the surroundings of the vein under consideration only the granodiorites of the 
socallect "Modra massif" occur. Except for the vein studied, alkali baealts effusives 
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Simplified geological map of the Mal6 Karpaty Mts. 
(MABEt 1963) 
1 Neogene, 2 - Mesozoic, 3 - crystalline schists, 
4 granodiorite, 5 - vein of alkali baaalt, 
6 faulte, overthrusts 
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and extrueives of the eame type (identical chemical compoeition of the rocke and 
clinopyroxenee, too)· happen to exiet in the Meaozoic of the Mal� Karpaty Mte. 

2. Petrography

The baeic vein rock hae strikingly porphyric texture with olivine, clinopyroxene 

and amphibole phenocryats eituated in originally glasay matrix. Euhedral olivine is 

replaced by chlorite, carbonate and aggregate of serpentine-group minerals. Clino

pyroxenee often form glomerophyric accumulations. Zonal compoeition ie typical for 

them (Taf. I, Fige. 5,6). Brown strongly pleochroic amphibole haa varioue forme end 

aizea: it forme subhedral columne in the matrix (0,2 mm), or larger (up to 2 mm) 

euhedral columns in the matrix and xenoliths. The matrix of the vein rock ie built up 
of fine-grained aggregate with prevailing light-green (Mg) chlorite. Pigmentation of the 

matrix with microscopic grains of Ti magnetite and ilmenite is discernible. Within the 

vein under conaideration variable grain size and textures from core to rim are apparent -

in the rim of the vein there are small amygdales (up to 2 mm) filled up by chlorite and 
carbonates. Their presence suggests its formation in shallow subsurface conditions. 

The rock ie characteristic by the presence of the recryetallized xenolithe of 

original carbonate rocke. Their aize reachee up; to 10 mm. In compariaon with the 

enclosing rock they have different mineral composition, grain aize and fabric. They 

consiet of prevailing aggregate of microacopic eize (Mg-chlorite, eteatite), some

timea also amall flakea of dark micaa (biotite, phlogopite ?), carbonatee end brown 

amphiboles. The essential argument proving that the xenolitha do not repreeent 

amygdale aectiona ia that the columna of brown amphibolea often penetrate from the 

matrix to the area of the xenolitha. General appearance of the alkali basalt excludea 

the poaaibility to aasign this mineral to the producte of metamorphic recryetalliza
tion. 

3. Compoeition of rocke and minerale

The presence of the recryetallized carbonate rocke xenolitha affected the chemical 

compoeition of the baealt (Tab. 1). Neverthelees, pronounced alkali character of the 

rock under conaideration ie_evident (high Ti02 content, which was not affected by

the carbonate rock aesimilation, total contente of alkali metala, contente of some 

trace elemente etc.). On the baeie of.modal olivine (5 - 8 %), contents of normative 

ol end ne, or lc, too (Tab. 1), the rock in the IUGS claesification (t978) ie equal 

to the alkali baealt. The analyzed clinopyroxenea and amphibolee confirm ranking like 

that (Tab. 2). On the diagram (Fig. 2) the projection pointe of analyzed basalte are 

plotted within oceanic ieland basalt field (GLASSLEY 1974}� Also the location of the 

projection points on the PEARCE & CANN. (1971) discrimination diagram (Fig. 3) is in 

concordance with euch geotectonic position. 

The reaulte of microprobe analyeee are preaented in Table 2 and they are plotted 

on Fig. 4. Clinopyroxene phenocrysta are etrikingly zonal with increasing Ti, Al and 

Fe contents from core to rim and vice versa, simultaneoue decreaee of Si and Mg 

contents takes place. Matrix clinopyroxenes have the eame compoeition ae the inner 

margin of porphyric clinopyroxenee. Fige. 5 - 7 and Table 2 preeent localization of 

individual clinopyroxene anelyees. 
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Ti/100 

Ca 

Ca 

Mg 

fig. 2 

Analyzed samples in FeO+/MgO 

Feo+ • total Fe as Feo. 

A - island arc tholeiites, 

B - ridge tholeiites, 

C - oceanic island basalts 

(GLASSLEY 1974) 

fig. 3 

Ti-Zr-Y discrimination diagram 

for basic volcanics (PEARCE 

CANN 1973). 

A - low K-tholeiites, 

B - ocean floor basalts, 

c - calc-alkaline basalts, 

D - within plate basalts 

fig. 4 

Position of analyzed clino

pyroxenes in Ca-Mg-/Fe
tot

+Mn/

diagram. 
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Triangles - analyses No 1, 2, 3 

(Table 2, fig. 7); 

Dots - analyses No 4 - 7 

(Table 2, fig. 5); 

Circles - analyses No 8 - 11 

(Table 2, fig. 6) 

3 

2 
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Tab. 1 Compoeition of the Meeozoic alkali baealte of the Mal� Karpaty Mts. 

2 2a 1a 1 3 Ja 

Si02 38,40 38,89 38,99 39,45 41,24 42,68 
Ti02 J,27 3, 18 3,02 3,17 3,72 3,79 
Al2o3 10,71 10, 17 13,90 13,34 13,61 13,81 
Fe2o3 4,48 4,05 4, 16 4,80 5,07 4,98 
FeO 8,34 8,36 7,94 7,85 7,29 7,65 
MnO o, 17 0,19 0,21 o, 18 o, 17 o, 17 
MgO 9,86 10,66 10,99 10,08 7,68 0,21 
CaO 13,90 14, 14 12,09 12,1:2 9,40 7,87 
Na2o 2,03 1, 57 1,21 1,48 3,01 2,58 
K20 1 ,01' 0,72 1,72 1,88 2,46 1, 96 

P2o
2 

0,48 0,53 0,53 0,49 0,55 0,60 
H20 0,44 0,22 0,35 0,34 0,34 0,51 
Ho

+ 6,41 6,81 4,56 4,41 5,03 4,63 2 
s 0, 11 o, 10 0,01 0,08 o, 17 0,15 
so3 0,06 0,08 o, 19 o, 12 o, 12 o, 16 
Total· 99,67 99,67 99,93 99,79 99,86 99,75 

Li 28 33 35 
Rb 16· 30 . 54 
Ce 4 a- 8
Ba 1290 1620 1470
Sr 720 930 1070
Ni 171 166 147 1'60 84 72 
Co 42 39 37 39 32 31 
Cr 309 477 400 330 118 182 
V 200 256 242 226 23T 285 
Zr 2t6 70 82 267' 276 102 
y 22 26 28 
La 75 87 96 
CIPW 

ap 1,04 1,15 1,15 1,06 1,20 1 ,30 
il 6,21 6,04 5,73 6,02 7,06 7,20 
or -0,71 J,69 5,85 8,87 14,55 11,59 
ab o,oo o,oo o,oo o,oo 8,21 20,84 
an 17,1'0 18,54 27,37 24, 16 1'6,32 20,27 
mt 6,49 5,87 6,03 6,96 7,35 7,22 
di 38,83 38,37 23, 19 26,0J 21,14 11,78 
ol 9,07 1'1,06 16,41' 13,11' 8,93 13,47 
lc 5,24 0,43 3,38 1,76 o,oo o,oo 

ne 9,29 7, 19 5,54 6,77 9,33 0,51 

Trace elemente in ppm 
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Tab. 2 Composition of clinopyroxenes and amphiboles 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Si02 48,90 47,90 45,02 40,86 49,04 47,10 46,29 41,67 43,98 45,15 44,62 38,92 37,79 36,61 

Ti02 3,05 2,87 3,83 5,30 2,03 2,55 3,51 5,45 4,31 3,75 4,13 5,72 6,11 5,68 

Al
2o

3
5,92 5,47 8,17 10,17 4,73 4,98 7,62 9,95 9,25 8,23 8,63 13,65 14,51 14,61 

Cr2o
3

- - 0,39 0,10 0,21 0,22 0,45 0,04 0,05 - 0,42

FeO 6,71 6,59 6,62 7,71 5,45 6,13 6,32 7,77 7,28 7,10 6,75 11,09 10,03 10,74 

Mn0 0,10 0,14 0,07 0,06 0,09 0,08 0,12 0,06 0,09 0,09 0,03 0,13 0,17 0,18 

Mg() 13,82 14,31 13,05 11,68 15,21 15,13 13,32 11,60 12,65 12,95 13,08 12,81 13,62 13,07 

Ca0 21,73 23,10 23,27 23,12 23,09 23,23 23,43 23,01 23,13 23,00 23,40 11,62 11,27 11,62 

Na20 0,34 0,34 0,32 0,37 0,30 0,33 0,34 0,46 o,46 0,42 0,35 2,06 1,94 1,99 

K 0 2· 
- 0,02 - - - - .,. ... - - - 1,61 1,69 1,-'lß 

Total 100,56 100,74 100, 75 99,37 100,14 99,75 101,41 100,01 101,21 100,70 101.,41 97,66 97,14 96,28 

Cation contents based on: 6 oxygens 23 OxYgens 

Si 1,80 1,78 1,68 1,56 1,82 1,77 1, 71 1�8 1,64 1,68 1,65 5,79 5,63 5,55 

AlIV 0,20 0,22 0,32 0,44 0,18 0,23 0,29 0,42 0,36 0,32 0,35 2,21 2,37 2,45 

Allll 0,06 0,02 0,04 0,02 0,03 - 0,04 0,03 o,04 0,04 0,02 0,19 0,18 0,16 

Ti o,oa 0,08 0,11 0,15 0,06 0,07 0,10 0,16 0,12 o, 11 0,12 0,64 0,69 0,65 

Cr - - 0.,01 - 0,01 0,01 0,01 - - - 0,01 

Fe 0,21 0,20 0,21 0,25 0,17 0,19 0,20 0,25 0,22 0,22 0,21 1,38 1,25 1,36 

Mn - - - - - - - - - - - 0,02 0,02 0,02 

Mg 0,76 0,79 0,72 0,67 0,84 0,84 0,73 0,66 0,70 0,72 0,72 2,84 3,02 2,95 

5,07 5,16 5,14 

Ca 0,86 0,92 0,93 0,95 0,92 0,93 0,93 0,94 0,92 0,92 0,93 1,85 1,80 1,88 

Na 0,02 0,02 0,02 0,03 0,02 0,02 0,02 0,03 0,03 0,03 0,03 0,59 0,56 0,59 

K - - - - - - - - - - - 0,31 0,32 0,35 

3,99 4,03 4,04 . 4,07 4,05 4,06 4,03 4,07 4,03 4,04 4,04 2,75 2,68 2,82 

Total iron as FeO. Roman numerals indicate the coordination of a cation 
... 

... 
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Monoclinic amphiboles (Tab. 2, Fig. 7) in LEAKE's (1978) classification belong to 
the Ca amphibole group; in the classification diagram of the same author they are 
plotted within the kaersutite field. The composition of amphiboles from the basalt 
and those from the xenoliths is practically identical. 

4. Discussion and interpretation

In none of the xenoliths the presence of quartz was observed. It belongs to the 
rock forming minerals of the surrounding granodiorites. This observation, together 
with extremely low Si02 contents in the basalt (Tab. 1), excludes the possibility
to consider the recrystallized xenoliths equal to the surrounding granodiorite, or 
to crystalline schists of its mantle. The lack of ore minerals in the recrystallized 
xenoliths areas support the concept of carbonate origin. That is why the original 
xenoliths probably did not contain substantial amount of iron. 

The vein basic rock originated in shallow conditions, which are not related to the 
abyssal conditions of the granodiorite origin. This is supported maznly by the 
following lines of evidence: marked rock fabric, its porphyric character, probably 
glassy original matrix, observed feautes of "flowage" (preferred orientation of 
column amphiboles in the matrix), occurence of small amygdales filled up with chlorite 
and carbonate and also intensive alteration of olivines and others. 

'l'be degree of metamorphic recrystallization of the xenoliths doee not enable to 
determine original carbonetes (Paleozoic? Mesozoic ?). Determined K/Ar age of the 
basalt (92,5 m. y., CAMBEL, oral communication), together with its shallow fabric 
signs prove that penetration of basic magma into a fissure in the granodiorite massif 
took place after its tectonical placing (Middle Cretaceous ?) in present-day position. 
It was MAHEL (1981) who suggested such tectonic position of the Mal� Karpaty Mts. 
granodiorite massif. 

In this connection the carbonate rocke complexes (but most probably also other 
sedimentary complexes) in the basement of the Variscan Mal6 Karpaty Mts. granodiorite 
massif suggest themes for practical application. Practical application is conditioned 
by Mal6 Karpaty Mts� localization close to the Vienna basin with its deposits of gas 
and petrol. 
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The Prealpine Basic and Ultramafic Rocks from Romania 

H. SAVU"1) and CONSTAN}'A UDRESCU 1)

S u m m a r y

13 

The pre-Alpine basic and ultramafic rocke of Romania represent the metamorphoeed 
products of the magmatites from the Dalelandian, Assyntic and Hercynian oceanic zones 
and originated in tholeiitic magmae, so that they ehow obvious similarities with the 
ophiolitic rocke. 
The factors, controlling the formation process of the amphibolitic and serpentinitic 
rocke, eometimee determined the change in compoeition of the primary material. The 
rocke belonging to various cycles ahow differences in geochemistry. 

Die präalpinen basischen und ultrabasischen Gesteine Rumäniens 

Z u e a m m e n f a e s u n g 

Die präalpinen basischen und ul trabaeiechen Gest.eine Rumäniens stellen die meta
morphen Produkte der Magmatite der dalelandiechen, aseyntischen und herzyniechen 
ozeanischen Zonen dar. Sie leiten sich von tholeiitischen Magmen ab und zeigen offen
sichtliche Ähnlichkeiten mit ophiolithiechen Gesteinen. 

t) Institutul de Geologie ,1 Geofizicä, etr. Caraneebe� nr.1, 78344, Bucure�ti.
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Die Gesteine der verschiedenen Zyklen zeigen geochemischep, Unterschiede und sind serpen

tinitisiert und z. T. amphibolitisiert. 

Lee roches baeiques et ultrabasiques de Romaine 

Lee roches basiques et ultrabasiquee des zonee oc6aniques pr&alpine sont les 
r6sultats m6tamorphiques des magmas tholeiitiques dalslandiennes, aseyntiennes et 
hercyniennes. Leur origine est tholeiitique et a des bounes relations avec les roches 
ophiolitiquee. 
Ces roches sont amphibolitisent et serpentinisent. Dans lee cycles diff6rente, ils 
montrent des 6vidents diff&rences g6ochimiques. 

no8Jll,ImttCKH8 OCHOBHHe H yJII,TpSOCHOBHHe llOp()'Jll,I fyMmmH 

P8 3 ID M 8

MeTaMOp(pH30Ba.HHHe OCHOBHHe H YJII,TpaocHOBHHe nopo�e �08Jll,IIPIÖCKHX (�aJICJiaH,IUfliCKHX, 

accHHTHllCKHX H repnHHCKHX) OK8a.H�8CKZX 30H PyMimHH npoH30IDJIH HS TOJI8HTOBHX MarM. 

0HH oqeB�HHll IlOKa3HB8lOT CXO�CTBO c O�HOJIHTaM!d. 

MsMeHeHMH COCTaBa npMMepHoro MaTepMaJia qacTH'lHO 3aBHCRT OT �aKTOpOB npo�eccoB npoHc

XOlK,IleHMH 8rlllPH60JIHTOB H cepneHTHHHTOB. Ilopo� pa3JIH'lHHX WIRJIOB HMeIDT pas� B reo

XMMHH. 

The pre-Alpine basic and ultramafic rocke of Romania are mainly hosted in crystalline 
schists that belong to three tectonomagmatic cycles: Dalslandian, Assyntic and Hercynian 
or Variscan. These rocke were formed in the initial pre-orogen stage of the evolution 
of the old oceanic zones. That is why they are usually associated with the metamorphic 
rocke formed et the expense of the sedimentary deposits of the early stages of these 
oceans. Like the siliceous-aluminous formations with which they associate, the basic 
and ultramafic rocke underwent the influence of the regional metamorphism. 

1. creological and Petrographie Remarks on the Basic and Ultramafic Rocks on the
Romanian Territoq

1.1. Dalelandian rocke 

The Dalslandian metamorphic formations (850 + 50 m.y.}'with which baeic and ultra-
-

mafic rocke are associated, are widespread espeoially in the South Carpathfans (Getic 
Nappe); they also occur in the East· Carpathians, the Apuseni Mountains and Dobrogea. 
The metamorphosed basic rocke in the various metamorphic series form amphibolite 
complexes, such as the complex c5 in the Sebe9-Lotru Series of the Semenic Mountains,
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the rocke of the Lotru Mountains (SAVU et al., 1980), the Sebe� Mountains (PAVBLESCU 
& PAVELESCU, 1970) and those of the Cumpana-Holbav Series of the Päglra9 Mountains 
(ANTON·& eONSTANTINESCU, 1980). 

Ba s 1 c r o c k s usually show a banded etructure, which was eventually 
brought about by the metamorphic differentiationr thie feature was probably also 
determined by the etratified primary texture of the baeic tuffe which alterneted 
with tuffitic materiale that were richer in feldepars end other aluminous eilicates.

The basic rocks were metamorphosed under various PT conditions from the chlorite 
isograde to the eillimenite one. Depending on the metamorphism end primary compoei
tion of the rocke, there reeulted amphibolitee formed of plagioclase (An20_40r end
green hornblende, associated with biotite, magnetite, ilmenite and rarely a clino
pyroxene. 

'l'he amphibolite complexee are eometimes aseociated with small serpentinite bodies, 
sometimes with quertz-feldepar gneissee, and crystalline limestonee end dolomites, as 
in the Semenic and F�gära, Mountains. The e.mphibolite complex of the Semenic Mountains 
is connected with a horizon of manganese end iron silicetes es well as Mn-ferrimusco
vi te and piedmonti te micaschists. Som_e emphiboli tes from the Lotru Mountains contain 
considerable !102 (8.54 - 10.39 J) end iron concentrations (SAVU et al., 1980). In
the South earpathians amphibolites ere sometimes essocieted with rocke of eclogitic 
cheracter (KASPER & FOe�A, 1972), lenses of crystalline limeetones and magnetite. 

The u l t r a  m e f i c r o c k s are interbedded in the Dalslandian 
cryetelline schists es small peridotite end serpentinite bodies. The latter do not 
show stratified textures, except for the body on the Päscoeie Valley (Lotru Mountains), 
within which an amphibolite lenticular eeparation ie found, probably formed et the 
expense of a gabbro schliere. This is why the question ariaee whether these bodiee 
represent olietoliths or olistoatromes, removed from the ocean floor and embedded in 
the mass of Dalslendian flysch deposite on the margins of the oceanic zones, being 
afterwards metamorphoeed together. 

The ultramafic rock bodies show eeveral structural features determined especially 
by the regional metamorphism end metasomatio processes. The serpentinite bodies lying 
in the almandine end bioti te zones from the Sem.enic Mountains are partially talc
bearing, showing on the margins zones of reaction with the surrounding crystalline 
schiets formed of phlogopite end tremolite-actinolite amphibole, while thQse in the 
kyanite zones include reaction zones formed of tremolite-actinolite amphibole. Zonee 
of reaction with amphibolee end biotite (phlogopite) form et the contact with the 
pegmatites end migmatites from the Lotru Mountains (SAVU et al., 1980). 

The Dalslandien ultramafic rock bodies consist of varioue typee of metamorphosed 
peridotites (harzburgites, lherzolites, wehrlites, saxonites) and, more rarely, dunitee. 
The following metamorphio paragenesis is characteristic of these bodiee: olivine-pyro
xene-tremolite-actinolite, hornblende-talc-magnetite. It ie found that the ultramafic 
rocke atfected by a strong regional metamorphiem {T > 450 °e) completely recryetallized, 
being then eerpentinized by the late-metamorphio solutions. The rocke in the chlorite, 
biotite end possibly garnet zones (� < 450 °e) might have undergone a direot serpen
tinization of the primary ultramafio rock. 
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1.2. Aes;yntic rocke 

The Aesyntic basic and ul tramafic rocke ( 550 - 570 m.y. )' are wideepread in all the 
regione of the Romanian Carpathiane, belonging to eeveral rock series, some of which 
being considered as older (PAVELESCU & PAVELESCU, 1970).

Within the D a  1 s 1 a n  d i a n  A u t o c h t h o n  of the Soutb Carpathians 
one should mention the Drag�an, Maru (SAVU et al., 1981) and Ieiova amphibolite series 
(MURE�AN et al., 1974). The Getic Neppe includes the Valea lui Stan and Cärpini� series 
with amphibolites and, extremely rarely, ultramafios. The metamorphosed stratified body 
of the Valea Muntelui Series (C0DARCEA, t965) stande out. The Biharia Series is cha
racteristic of the Apuseni Mountains. In the East Carpathians the metamorphosed basic 
rocke are succeeded by acid metatuffs. 'l'he former are assooiated with manganese and 
iron silicates and carbonates, while the latter are associated with syngenetic deposits 
of polymetallic sulphides. 

The metamorphism of these series lies between the staurolite and chlorite zones, 
only exceptionally reaching high.er intensities. Some amphibolite series of the South 
Carpathians and the Apuseni Mountains are affected by granitoid synkinematic solutions, 
being migmatized (SAVU et al., 1981). 

The amphibolitic rock series, especially those from the Danubian Autochthon, are 
marked by a band�d strueture, within which orthoamphibolites alternate with leucocrate 
quartz-feldspar gneisses, amphibolitic gneisses, micaschists and biotite quartzites. 
They eoneists of plagioclase, amphibole, biotite, rarely garnet, in addition to which 
there are epidote, magnetite, ilmenite and chlorite. 

The A s s  y n t i c u 1 t r a m  a f i c b o d i e  e are also small-sized, 
consisting of eerpentinites ineluding bastite pseudomorphoses after orthopyroxene. 
Metasomatic asbestos veins are also present in places. Except for the stratified body 
of Valea Muntelui, which consists of the periodotite (serpentinite) and metagabbro
amphibolite horizons, the other bodies, although usually hoeted in the amphibolite 
series, do not show such a structure and no intrusion relatione, a reason why the 
hypothesis of embedding as olistoliths within the pre-metamorphic rock mase might be 
also valid in this case. 

1.J. Herc;ynian rocke

The rocke of the Hercynian or Variscan cyolee (320 m.y.), belonging· to the Devonian
or Lower Carboniferous, are repreeented especially by basic magmatites, metamorphosed 
under the greenschists facies conditions, the chlorite zone. They are characterized 
by the following parageneeis: albite -.chlorite - epidote - magnetite (oligiste). 

Such metabasaltic series occur in the Apuseni Mountains (SAVU, 1965) and North 
Dobro_gea. Wi thin the Danubie.n Autochthon basic metatuffs prevail, associated wi th 
some ultramafic rock olistoliths which do not show contact metamorphism relations 
with the neighbouring rocke (PAVELESCU & PAVELESCU, 1970).. An asymmetrical lopolite 
consisting of dunites, serpentinized peridotites and metagabbros (BERCIA & BERCIA, 
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1962) is known at Iu�i, on the Danube. A weakly metamorphoeed epilitic eeriee, 
aesociated with acid volcanice, develops in the Apuseni Mountains Permian formations. 

2. Petrolog;y and Geochemistg

Geological observations show that the metamorphoeed baeio and ultramafic rocke 
originated in baealtic lavas, tuffe, tuffitee and emall intrueive or embedded bodies 
in the pre-Alpine oceanic zonee. The primary magmas giving rise to theee rocke were 
formed in the upper mantle and dieplayed a tholeiitic character, ae ehown on the 
diagram on Figura 1, made according to IRVINE & BARAGAR (1971). Some of the amphi
bolitic rocke ehift to the calc-alkaline domain, which might be due to several 
factore. The magmatic differentiation might be one of them, eince it ie acknow
ledged that the later producte of the Alpine tholeiitic magmae, ae gabbroe m.ch 
in plagioclaee, anorthoeitee, spilitee, granophyree and trondhjemitic plagiaplitee 
ueually shift to thie field. Other factore are euppoeed to be the oontamination of 
baeic tuffe (tuffitee) with siliceous-aluminoue material during their sedimentation, 
the metamorphic differentiation and change in composition of the amphibolitee by 
arteritic, eynkinematic migmatization during the metamorphism (SAVU et al., 1981). 

The Aseyntic rocke are clearly distinguiehed from the Hercynian onee ae regards 
the Ti and Zr contente (SAVU & UDRESCU, 1975). The latter two elements ehow a positive 
correlation in the Aeeyntic amphibolitee, the variation domain of the concentratione 
being eituated between 1,000 - 20,000 p.p.m. for Ti end 25 - 300 p.p.m. for Zr. Still 
the 'fl <12.000 p.p.m. end Zr< 200 p.p.m. valuee prevail (75 % of the eamplee). On 
the diagram on Figure 2 the Aesyntic amphibolites are ·dietributed to all the three 
fielde eetablished by PEARCE & GALE (�977) for the volcanic rocke. Suppoeing that theee 
rocke formed mainly in an ocean floor zone, the ehift of eome of them to the ieland 
arc and ffwithin plate" volcanice domaine ie determined, in our opinion, by the impact 
of the eame above-mentioned faotore. 

Unlike the Aeeyntic rocke, the Hercynian rocke are marked by frequent higher Ti 
( > 12,000 p.p.m.) and Zr ( > 200 p.p.m.) contente. No Ti< 5,000 p.p.m. and Zr

<65 p.p.m. valuee have been recorded; 2o % of the eamplee dieplayed theee valuee in
the caee of the Aeeyntic rocke. There ie no longer a positive correlation between 
theee two elemente, the rocke on the diagram on Figure 2 being projected in a larger 
field, only partly covering the ocean floor baealte domain (Dobrogea) and the oceanic 
"within plate" baealte domain (SAVU & TIEPAC, 1979). 

The basic and ultramafic rocke of the three tectono-magmatic cycles ehow obvious 
affinitiee to the ophiolitic rocke because, ae shown by the researchee carried out 
by- SAVtr (1965) and SAVU et al. (1980, 1981), on the QLM diagram (Fig. 3) they lie 
in the two fielde covered by the Alpine ophiolites from the Alpe, Apenninee and 
Dinarides. 

The faot that, unlike many Alpine ophiolites, the pre-Alpine amphibolites often 
alternate with metamorphosed terrigenoue rocke, ehould be explained ae follows: 
sedimentation in older oceans wae much more active and etrongly manifeeted since 
the initial etage. 

• 1 

DOI: https://doi.org/10.2312/zipe.1982.073



.3. Conclusions 

'l1he following conclusions ariee 'from the paper: 

- The pre-Alpine basic end ultramafic rocke of Romania represent the metamorphosed
products of the magmatitee from the Dalelandian, Assyntic and Hercynian oceanic
zones.

- The primary magmas exhibited a tholeiftic character, so that the rocke show
obvious similarities with the ophiolitic rocke.

- The evolution of the formation procese of the amphibolitic and serpentinitic
rocke in the oceanic zones was controlled by eeveral factors, which sometimee
determined the change in composition of the primary material.

- The rocke belonging to various cycles ehow differences ae regards their
geochemical propertiee.
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J. PILOT

Z u s a m m e n f a s s u n g 

Sr-Isotopenuntersuchungen (einschließlich der Rb- und Sr-Gehalte) von Basiten und 
Keratophyren des initialen Orogenesestadiums vom Rhenoherzynikum und Saxothuringikum, 
sowie von tertiären B�siten und Phonolithen werden neu diskutiert (Werte von PILOT µ.a. 
(1981') sowie PFEIFFER u.a. (f980)). Histogramme der anfänglichen Sr-Isotopenwerte (zur 
Zeit der Platznahme und Erstarrung der Magmen) zeigen eine Betonung bei Werten, die 
dem (an großionigen lithophilen Elementen) unverarmten und verarmten Mantel entsprechen. 
Im R'henoherzynikum, bei welchem die Proben im km-Abstand liegen, ergeben 4 Punkte eine 
Isochrone, deren Alter mit 360 Ma die Platznahme gut wiedergibt, ein Zeichen ftir die 
Geschlossenheit des Rb-Sr-Systems bei diesen Proben. Die räumlich weit auseinanderlie
genden Proben des Saxothuringikums ergeben zwei lineare Anordnungen, die als Mantel
isochronen mit einem Alter von (1631 ± 87) Ma und (705 ± 42) Ma gedeutev werden. Mtlg
liche Konsequenzen werden diskutiert. 

S u m m a r y

Some reeults of isotopic geoohemistry and.problems of 
basio magm.atitee in Middle Europe 

Sr-ieotopic investigations (involved Rb- and Sr-contents) from mafio rocke and kera
tophyrs of the initial stage from the varistic orogenese of the Rhenohercynian and 
Saxothuringd.an as well as tertiary mafic rocke and phonolithes are discussed newly. 
Histograms of the initial Sr-isotopic data (time of emplacement and solidification of 
the magmas) show an accentuation near values corresponding the (in large ion lithophile 
elements) unimpoverished and the impoverished mantle. Samples from Rhenohercynian have 
km-distances, there are an isochron of 4 pointe, which reflect (age 360 ± 14 Ma) th� 
1> Mitteilung Nr. 1458 der Sektion fUr Geowissenschaften, Bergakademie Freiberg

Zu einigen isotopengeoohemisohen Ergebnissen und Problemen 
basischer Magmatite Mitteleuropas i} 
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emplacement-age very well this samples have closed behaviour of the Rb-Sr-system. 
Samples from Saxothuringian are more distant, their pointe give two linear trende, 
which are interpreted as mantle-isochrones with ages of 1631 ± 87 and 705 ± 42 Ma. 
Possible inferences are discussed. 

R e s u m 6  

Sur quelques resultats et probljmes isotopen 
g6ochimiques des roches basiques d'Europe oentral 
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Des analyses des isotopes du strontium (y compris les teneurs du Rb et du Sr) des 
roches basiques et des k&ratyphyres du stade initial de l'orogenise du Rhenohercynien 
et du Saxothuringien, ainsi que des roches basiques tertiaeree et des phonolites 
seront d nouveau d1scut6es (valeurs de PILOT' et autres (1981), aenoi que de PFEIFFER 
et autres (1980)). Des histogrammes des valeurs originaires des isotopes du strontium 
('au moment de la mise en place et de la oonsolidation des magmas) montrent. une 
accentuation chez les valeurs (chez les 616ments lithophiles d grands ions), qui 
correspondent au manteau non appauvr6 et appauvri. Dans le Rhenohercynien, dans 
lequel se trouvent les 6chantillons en distance-kilom6trique, 4 points donnent un 
isochrone, dont 1 1 &ge avec 360 M.A. redonne bien la mise en place, un eigne pour la 
fermeture du syst�me Rb-Sr chez ces 6chantillons. Lee 6chantillons du Saxothuringien 
se trouvant spacialement loin les une des autres, donnent deu.x arrangements lineaires, 
qui sont interpr6t6s comme des isochrones du manteau avec un age de (1631 ± 87) M.A. 
et (705 ! 42) M.A. Des consequences possibles aeront discut�es. 

HecKOJil,KO H3OTOIIHO-reoxm.m:qecKßX pe3yJII,TaTOB H npo6�eMH OCHOBHl,IX Ma..T'MaTHTOB Cpe,llHero 
EBpoIIl:il 

P es10 M e  

MccRe,llOBaHHe HSOTOilOB CTPOHUIDI (BKJilO'llHTeJil,HO CO,llepMaHHe py6H,'1.UIB H CTPOHUIDI) OCHOBHWC 
nopo,ll H KepaTOqJHpOB HaqaJII,HOfi CTa;zmH BapHcru,:ttcKOH oporeHeShl PeHorepUHHCKOll C CaKco
TIOPHHI'CKOH SOH, KaK H TpeTHqHl,IX 6aSaJII,TOB H qx)HOJIHTOB o6cyllf,IlaIOTCH 3aHOBO (,llaHHHe llii
ROT H �- I98I, KaK H Ilclieff(}xllep H �- 1980 r.). TucTOrpa.MMH HaqaJII,HHX SHaqeHm! CTPOH
IniJI (KO BP8M8HK OCTaHOBKH H sacTHBaHW! MarMH) IlOKa8HBaIOT CKOIIJI8HHfl 3HaqeHHß, COOT
B8TCTByIOIIU'IX o6e,IOiäHHOÜ Kpyrm:oHOHHhlMK RHTO�HJII,Hm.ffl aReMeHT8MH H aeo6e,IOl.äHHOH ö6ORQqKe. 
B PeaorepnmicKOH SOHe, r,lle rrpo6hl BSHTI,l Ha paCCTO.fIHHH KHROM8Tpa �yr OT �yra, 4 IIyHK
Ta COCTaBJm!DT KSOxpOffY, xopomo OTPalltaIOil{M OCTaHOBKy R B03pacT MarMhl B 360 MKJL1IPIOHOB 
ReT, IIpH8HaK TOMY I qTo CHCTeMa py6H)lV..M••CTPOHD;Hll B 8TIDC npo6ax 3aMKHyTa. Ilpo6.bl HS 
CaKCOTB)l)HHrcKott 8OH.bl, pacnoRolKeHH ,llMeKO �yr OT �yra H o6pasyroT ,llBa JIHH0HH.bIX pac
IlOROZ0HM, HHTepnpeTHpyeMHX KaK H3OxpOHH o6oRoqKH B03pacTOM (I63I,t87 MKRJIHOHOB �eT) 
H 705±42 MHR. ReT. O6cyE,IlaBJTOß BOSMOlKH.ble BHBO,ll.bl. 
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1. Einleitung

Im Rahmen einer umfassenden Bearbeitung basischer Magmatite Mitteleuropas, insbe
sondere der DDR, sind auch isotopengeochemische Untersuchungen durchgeführt worden. 
Die Ergebnisse der 180-Untersuchungen bestätigen wohl die Mantelherkunft dieser Basi
te, zeigen aber teilweise beträchtliche Beeinflussungen der 180-Gehalte, die nach dem
Eindringen der Magmen in die Kruste bzw. bei deren Effusion auf der Oberfläche (z.T.

submarin) und bei deren Erstarrung stattfanden und vornehmlich durch fluide Phasen 
(�O, co

2
) vermittelt wurden. Die Abweichungen vom Mantelwert sind demgemäß bei den 

jungen kratonalen Magmatiten (Mittel +7,6 %o) am geringsten, wesentlich stärker bei 
den subsequenten Magmatiten (Mittel +10,.'.3 %o) und bei den Vulkaniten des initialen 
Orogenesestadiums (Mittel +1Z,4 %0) am größten, wobei bei letzteren auch unverfälsch
te Proben mit Mantel- 0 180-Werten unter 7,5 %o durchaus vorkommen (AS'fL u.a. 1974; 
.NESTLER, t976) • 

Generell stellen sich 180-Gehalte ein bzw. werden verändert auf Grund von Iso
topieeffekten, insbesondere durch Isotopenaustauschvorgänge, die in Richtung auf ein 
Gleichgewicht verlaufen. Ein völlig anderer Mechanismus dominiert bei den meisten 
radiogenen Isotopen; sie wachsen an durch den radioaktiven Zerfall des entsprechen
den Mutterisotopes, die Größe dieses Anwachsens hängt von der Konzentration des Mut
terisotopes, der Geschwindigkeit des radioaktiven Zerfalles (bestimmt durch die Zer
fallskonstante A ) und der Zeit ab. 

Daher war es besonders interessant, von diesen Basiten Sr-Isotopen-Bestimmungen 
auszufUhren und eine Sr-Isotopen-Systematik anzustreben, von denen hier berichtet 
werden soll (PILOT u.a.; PFEIFFER u.a. 1980). 

2. Anfängliche Sr-Isotopenverhältnisse; ihr Vergleich bei Basiten unterschiedlicher
tektonischer Position

Da das Platznahme-Alter von Initialiten und Gesteinen der Subsequenzperiode gut
belegt ist, bestand hier primär nicht die Absicht, Proben fUr möglichst gut gesicher
te Isochronen zu gewinnen und zu verwenden; vielmehr kann aus dem gemessenen (also 
heutigen) 87sr/86sr, dem bekannten Alter und den gemessenen Rb- und Sr-Gehalten das
anfängliche 87sr;86sr-Verhältnis berechnet werden und zur Charakterisierung der Genese
herangezogen werden. Es ist bekannt, daß die Sr-Isotopenverhältnisse sich im Mantel, 
ausgehend vom anfänglichen 87sr;86sr = 0,69898 (BABI), auf Grund des niedrigen Rb-Sr
Verhältnisses (0,0.'.3) im Laufe .der Erdgeschichte viel langsamer entwickeln als in der 
Kruste mit einem nahezu zehnmal größeren Rb/Sr-Verhältnis (Abb. 1). So nehmen wir bei 
Werten kleiner 0,706 eine Mantelherkunft, bei größeren Werten eine Kruetenherkunft an. 
Allerdings sind BROOKS, JAMES und HART (1976) auf Grund von Ergebnissen sogenannter 
Mantelisochronen der Meinung, daß in Folge von Heterogenitäten im Mantel teilweise 
Werte bis 0,712 anzutreffen sind. 

Bei der Berechnung von anfänglichen 87sr/86sr-Werten muß man allerdings die Proben
als geschlossene Systeme nach der Platznahme voraussetzen. Dies ist eine kritische 
Voraussetzung, zeigen doch die 180-Untersuchungen beträchtliche Abweichungen von den
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Bild 1: 
Schematische Darstellung der Entwicklung 
des 87sr;86sr in Mantel und Kruste im
Laute der Erdgeschichte. Das Rb/Sr-Ver
hältnis ist in der Kruste (mit ~o,}) 
viel größer als im Mantel (mit..,0,03) 

Bild 2: 
Anfängliche (87sr/36Sr)

0
-Verhältnisse 

von kratonalen (tertiären) Basiten des 
Erzgebirges und der Lausitz sowie von 
initialen Basiten des Saxothuringikums 
und des Rhenoherzynikums (Werte aus

PILOT u.a. (1981) sowie PFEIFFER u.a.

(1980)). 

Bild 3: 
Isochrone und andere Punkte von Basiten 
im Rhenoherzynilrum. Mit eingezeichnet 
ist eine nicht gesic'herte 11Isochrone11 

von Keratopbyren, deren Punkte weit 
rechts außerhalb dieses Diagramms lie
gen (Werte aus PILOT u.a. (1981) und 
PFEIFFER u.a. (1980)). 

Bild 4: 
2 mögliche Rb-Sr-Mantelisochronen 
von Basiten des Saxothuringilrums 
(Werte aus PILOT u.a. (1981)). 
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Mantelwerten. Auch für Strontium ist ein Austausch zwischen dem Meerwasser und dem Ge
stein am Meeresboden bekannt ('MUEHLENBACHS und CLAYTON 1976:1 McCULLOCH u.a., 1980), 
er dUrfte jedoch.von geringerem Grade sein. 

Die anfänglichen (87sr;86sr)
0 

(Platznahme) wurden berechnet gemäß

(�) .. (�) 86sr 86sr o gem.

- 87Rb CH 

wobei für das Rhenoherzynikum ein Pletznehmealter von 370 Ma und für das Saxothuringi
kum ein solches von 360 Ma angesetzt wurde ( A = 1,39 . 10-11 a-1). FUr die jungen
kretonelen Basite sind die Korrekturen bei Verwendung eines mittleren Alters von 
30 Ma i.A. unbedeutend. 

Eine vergleichende Darstellung der anfänglichen (87sr;86sr)
0
-Werte von initialen

Haeiten des Saxothuringikums, des Rhenoherzynikum und kratoneler Basite des Erzgebir
ges und der Lausitz zeigt Abb. 2. Tm Vergleich zu den kratonalen Besiten überrascht 
beim Rhenoherzynikum und Se.xotburingikum ein relativ breites Spektrum. Insofern 
ähnelt - rein formal gesehen - dieses Bild demjenigen der 180-Werte. Bei genauerem
Zusehen scheinen sich jedoch (- die Probenzahl ist noch relativ gering -) sowohl im 
Sexothuringikum wie im Rhenoherzynikum zwei Häufungspunkte hereuszukristellisieren, 
eines bei o, 7033 und eines um 0, 7048, während die h15heren Werte geringer gruppiert 
oder einzeln vorkommen. Die kratonelen Besite hingegen bewegen eich praktisch nur 
zwischen diesen beiden H'aufungspunkten, wobei die Ränder euch betont erscheinen. 

Eine erste, einfache Deutung für diese beiden Häufungspunkte wäre folgende: globale 
Untersuchungen mit dem Mutter-Tochter-System Sm-Nd ergeben, daß wir im Erdmantel eine 
Region - den sog. ozeenen Mantel (entspricht der 1tlow velo·ci ty" Zone) - heben, die an 
großionigen lithophilen Elementen verarmt ist und die Quelle der Mittelozeanen Rücken
besalte (M0RB) darstellt (WASSERBURG, DE PA0L0 t,919). Demgegenüber sind tiefere Zonen 
des Erdmantels nicht verarmt und entsprechen sogar hinsichtlich des Sm/Nd-Verhältnis
ses einer chondritischen Zusammensetzung, so daß man hier von einem einheitlichen 
chondritiechen System sprechen kenn. Die kontinentalen Flutbasalte weisen eine Nd
Isotopenzusemmeneetzung auf, die einem solchen einheitlichen chondritischen System 
entspricht O>E PA0L0 und WASSERBURG, 1979); aber auch die Quelle von Kimberli ten ent
spricht einem solchen System im Nd-Isotopenverhältnis und damit auch im Sm/Nd-Verhält
nis (lJASU, TATSUM0T0, 1980). Hinsichtlich des Rb-Sr-Systems kann man infolge der Auf
nahme von Rb bei der Bildung des Erdkernes im tieferen Erdmantel nicht von einer 
chondritischen Zusammensetzung sprechen, wohl aber von einem einheitlichen Reservoir, 
bei dem das Rb/Sr-Verhältnis gegenUber der chondritischen Zusammensetzung erniedrigt 
ist. Nachdem man für ozeane Magmatite eine relativ gute Korrelation zwischen deren 
Nd- und Sr-Isotopenverhältnissen gefunden hatte, konnte man die heutigen Sr-Werte filr 
das einheitliche Reservoir von den gut gesicherten Nd-Werten ermitteln. Es ergibt sich 
für das einheitliche Reservoir fUr heute 

( 
87sr

) 
= o,-7045 bis o, 1050

86sr 
ER 

('2) 
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während MORB 

• 0,7025 bis 0,70.30 ()) 

aufweisen. (Dazwischen liegen ozeane Intraplatten-Ineeln). Diese Werte ähneln aber 
den beiden Häufungepunkten der Initialite vom Saxothuringikum und vom Rhenoherzyni
kum und in etwa auch denjenigen der jungen Baeite. Es erhebt eich damit die Frage, 
ob hier bei diesem Magmatiemue beide Mantelbereiche in irgendeiner, vielleicht in
direkten, Weise beteiligt sind. 

Es bleibt dann die Frage offen, ob die hBheren 87sr;86sr-Werte der restlichen
initialen Baeite die Verhältnisse ihrer Mantelquelle widerspiegeln oder eine kru
staleBeeinflussung erfahren haben.
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Eine krustaleBeeinflussung des Sr-Isotopenverhältnisses haben aber sicher die 
sauren Vertreter der Initialite (Keratyphyre, Quarzkeratophyre, Quarzporphyre) er
fahren; die nach (1) errechneten anfänglichen (87sr;86sr)

0
-Werte liegen vi'el niedri

ger, z.T. wesentlich unter dem BABI-Wert von o,69898, was nach allen bisherigen Er
fahrungen an Material unseres Planetensystems nicht vorkommen dUrfte. 

Hinsichtlich der jungen kratonalen Basite ist recht interessant, daß von fUnf 
dieser Proben auch b 180-Werte vorliegen, die eich von 6,2 bis 9,7 erstrecken. Je
doch haben die hohen b 180-Werte von +B,4 und +9,7 keine erhBhten 87sr/86sr-Werte
(0,7041 und 0,7042); es ist also bei diesen Proben keine Beeinflussung des 87sr;86sr
zu erkennen. 

J. Ansätze zur Rb-Sr-Systematik

Es ist bereits darauf hingewiesen worden, daß die hier untersuchten Proben nicht
mit dem Ziel herausgesucht wurden, die Voraussetzun

�
en für das Zustandekommen von

Isochronen zu erfilllen (gleiches anfängliches 87sr/ 6sr, unterschiedliches Rb/Sr, je
geschlossenes System für Rb und Sr). Dennoch ist es instruktiv, die Proben in ein 
87sr;86sr gegen 87Rb/86sr-Diagramm einzutragen.

Die Proben des Rhenoherzynikums stammen aus dem engbegrenzten G�biet des Elbinge
rBder Komplexes. Zwei Spilite, ein Kaliepilit und ein Mikrosyenit zeigen eine außer
ordentlich gute lineare Anordnung. Sie sind gleichzeitig die unteren Grenzpunkte des 
Punktfeldes. Als Isochrone aufgefaßt ergibt sich ein Alter von t = 360 ± 14 Ma, was 
innerhalb des Fehlerbereiches das stratigraphisch ermittelte Alter (Eifel-W.vet~ 
365 Ma) sehr gut trifft. Dies weist darauf hin, daß diese vier Proben nach ihrer 
Platznahme fUr Strontium und Rubidium geschlossen geblieben sind und zur Zeit der 
Platznahme dasselb� 87sr/36sr gehabt haben. Man kann am einfachsten annehmen, daß
diese Proben mit Meerwasser kein Strontium ausgetauscht bzw. vom Meerwasser kein 
Strontium aufgenommen haben, da das damalige Ozeanwasser ein Strontium mit etwa 
87sr/86sr ~ 0,708 hatte. Diese Proben haben ein anfängliches (87sr/86sr}

0 
von 0,7034

! 0 90002,ein Wert, der nahe dem Verhältnis des verarmten Mantels liegt. 

(81sr) 
86sr KORB 
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Fllr die Proben, die oberhalb dieser Isochrone liegen, kann die Möglichkeit des Aus
tausches oder der Aufnahme von ozeanem Strontium nicht ausgeschlossen werden: die an
fänglichen (87sr/86sr)

0 
variieren von 0,7046 bis 0,7085, übersteigen also das damalige

Ozeanwasser-Strontium nicht. Sie zeigen auch nicht eine so strenge lineare Anordnung, 
die einem ähnlichen Alter entspricht. In diesem Falle wUrden allerdings die dem :i:m.ver
armten Mantel entsprechenden Proben nur einen zufälligen �rad des Austausches m1·t 
Ozeanstrontium darstellen. Eine Alternative dazu bestände darin, daß diese Proben 
weitgehendst die Strontiumieotopenzusammensetzung behalten haben, teilweise dem ver
armten, teilweise dem unverarmten Mantel entsprechen, der Reet aber von angereicher
ten Partien des Mantels herstammt. Die Voraussetzung fUr das Zustandekommen einer 
Isochrone, nämlich die Strontiumisotopenhomogenisierung bei der Platznahme, ist hier 
nicht gegeben. 

Nähere Auslct.lnfte zu diesem Problem dürften ö 1 80-Werte an denselben Proben brin
gen, die noch nicht vorliegen; später auch Sm-Nd-Untersuchungen als Ergänzung zu den 
Rb�Sr-Bestimmungen an denselben Proben. 

FUr die Keratophyre und Quarzkeratophyre ist die Annahme einer stärkeren Störung 
wohl unausweichlich: drei Punkte sind linear angeordnet, die vierte Probe liegt weiter 
ab. Ein sich ergebendes Alter von 225 ± 22 Ma liegt weit nach der Platznahme am Ende 
des Zechsteins. Eine befriedigende Deutung dazu liegt noch nicht vor. 

Die Proben des Saxothuringikums liegen räumlich wesentlich weiter auseinander als 
diejenigen des Elbingeröder Komplexes. So ergaben sich hier auch nicht lineare Anord
nungen, die echte Isochronen der Platznahme darstellen könnten. Vier Quarzkeratophyre 
und ein Quarzporphyr liegen recht gut auf einer Geraden, die aber mit einem sich er
gebenden Alter von 268 ± 16 Ma an das Ende der variszischen Orogenese rilckt; diese 
Proben erscheinen also auch hier - ähnlich wie im Elbingeröder Komplex - wesentlich 
jünger als das Platznahmealter. Bezeichnenderweise ergeben auch hier die basischen 

87 86 Proben mit den geringsten Sr/ Sr-Werten keine der Platznahme entsprechende Iso-
chrone, was jedoch im großen Probenabstand (in der Größenordnung von 100 km) begrün
det sein mag.· 

4. Das Problem der Mantelisochronen (Mantelisochronen oder Mischungslinien?)

Der große Probenabstand erlaubt jedoch eine andere Aussagemöglichkeit, die hier 
insbesondere an den Proben mit den höchsten 87sr/86sr-Werten deutlich wird. Dabei
müssen wir allerdings - wenigstens für diese Basite - eine Beeinflussung des Rb-Sr
Systems nach der Platznahme ausschließen (und weitgehendst auch davor). 

Die am weitesten links liegenden flinf Basite liegen relativ gut (wenn auch unge
nauer als die Punkte der echten Isochrone des Elbingeröder Komplexes) auf einer Ge
raden. Als Isochrone aufgefaßt ergibt sich ein Alter von 1630 ± 87 Ma, übersteigt 
also bei weitem das Platznahmealter. Eine zweite solche Pseudoisochrone ergibt ein 
Alter von 705 ± 42 Ma (Abb. 4). BROOKS, JAMES und HART (1976) haben solche Pseudo
isochronen, die sowohl im ozeanen wie im kontinentalen Bereich vorkommen, als Man
telisochronen gedeutet. Das heißt, daß diese Mantelisochronen Ereignisse im Mantel 
selbst datieren oder doch Einblicke in diese gewähren. 
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Die Auffassung als Me.ntelisochronen impliziert einige Gegebenheiten: 

1. in einer bestimmten Mantelregion ist vorgängig zum Magmatismus, der zur
Förderung.und Platznahme der später beprobten, erstarrten Magmen fUhrte,
ein Prozeß' abgelaufen, der zu einer Homogenisierung des 87sr/86sr gefilhrt
hat (wenn dies vorher nicht schon der Fall gewesen ist). Gleichzeitig
entstehen in den Unterbezirken dieser Region unterschiedliche Rb/Sr-Ver
hältnisse, wodurch sich unterschiedliche Strontiumieotopenverhältniese
mit der Zeit aufbauen konnten; die Unterbezfrke sind also in dieser Hin
sicht geschlossene Systeme.

2. Durch den Magmatismus sind verschiedene solche Unterbezirke angezapft und
mobilisiert worden_, die Magmen sind in verschiedenen Kanälen hochgestiegen
und haben eich auch bei der Platznahme nicht gegenseitig beeinflußt, so daß
die im Mantel gewachsenen Strontiumisotopenverhältnisse nicht verfälscht
oder gar homogenisiert wurden. Dieser Magmatismus verhilft uns also zur
Beprobung dieser Mantelregion.

Die hier gefundenen linearen Beziehungen können als Mantelisochronen oder aber auch 
als Mischungslinien aufgefaßt werden. In letzterem Falle wurden sie keine Altersbe
deutung haben, jedoch auch einen Prozeß im Mantel widerspiegeln. 

27 

Zur Testung, ob eine Mischungslinie vorliegt, wurden die Rb-Gehalte gegen die Sr
Gehalte aufgetragen: eine Mischung unterschiedlicher Komponenten mUßte ja auch in den 
Elementgehalten zu linearen Anordnungen f_llhren. Jedoch ergab sich fUr die ältere Iso
chrone nur ein Punkthaufen und fUr die jUngere auch keine klare lineare Anordnung. 
Dies bestätigt die Auffassung, daß wir hier Mantelisochronen vor uns haben. Weitere 
Einblicke dUrften U-Pb-Untersuchungen an denselben Proben erbringen: sie mUßten ja 
zumindestens ähnliche Alter zeigen. 

Die ältere Mantelisochrone mit 1 630 Ma hat ein anfängliches ( 87sr/86sr)
0 

von
0,7024 ± 0,0002. Das ist nahezu der Wert des nichtverarmten Mantels vor 1 600 Ma 
(0,7026); das wUrde bedeuten, daß damals die betreffende Mantelregion sich aus dem 
Bestand des nichtverarmten Mantels aufgebaut hat. 

Bei der jUngeren Mantelisochrone ist der anfängliche Wert 0,7027. Zu dieser Zeit 
wies der unverarmte Mantel einen Wert von 0,7038 auf. Der demgegenüber niedrigere An
fangswert weist auf eine Herkunft oder doch wenigstens auf einen Einfluß aus dem ver
armten Mantel hin. 

Dieser Unterschied kann mit der Entwicklung des verarmten Mantels zusammenhängen, 
worauf jedoch an dieser Stelle nicht weiter eingegangen werden soll. 
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v130TOI1HHß COCTaB CTpOHllllJß B nopo,nax Bobapo-CmU,RHCKoro OIT'·HOJiliTOBOrO M8CCHBa 
Tio.ruroaoro YpBJia 
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Bo Bcex 6e3 liCKJUO'l'.JeHHß nopo,nax 0(!1!,1:0JmTOB TIO.IUlpHOro YpaJia py6H,nHti-cTpOHUlieB1i1e CHcre
Ml:l B TOH HJI!i HHOH cTeneH!,i Hapymem:L fü:13KHe H30TOnHNe OTHOllleHHß CTPOHU!i.fl 6HJm 06-
Hapy�eHN B .I!BYX o6pasuax aHcTaTHTOB, BH,neReHHHX H3 rapu6yprHTOB, 8TOT �aKT roBOPHT 
06 O'l'.J6Hb ,npeBHeM MO,IIeR:&HOM B03pacre npoTOBemecTBa orlHOJmTOB (OKORO 3 MRp,II. ReT). 
vlsoxpOHHHtt B03pacT ra66poz,noB oueHHBaeTCß B I,5 MRp,II. �eT. ToHaJmTH o6pa30BaJmCI, 
MHOro Il03,IIHee ra66pOH,nOB npH ßBHOM yqacTHH CHaJm'l'.JeCKOro MaTepHaJia. TaKHM o6pa30M, 
,IIOKa31i1Baercn ,IIJmre�HM H C�Omiaß 8BOJUOUHß nopo,n otHOJiliTOBOH accouHaUHH • 

S u m m a r y

Isotopic composition of Sr in the rocks of Wojkaro Sininsk 

ophiolitic massiv of the Polar Ural 

In all complexes of the Polar Uralian ophiolites association the Rb-Sr systems are 

disturbed to some or other extent. Low isotopic ratios of strontium were revealed in 

two enstatite samples from harzburgites. This fact speaks of a very old model age of 

ophiolitic substance (about 3 md.y.). A series of gabbro samples defines the iso

chrone which yields 1500 md.y. Tonalites were formed much later than gabbroids with 

obvious participation of sialic material. In this way a long and complicated history 

of the ophiolitic association rocks has been established. 

Die Isotopenzusammensetzung des Strontium in den Gesteinen des Wajkaro-Sininsker 

0phiolith-Massivs, Polar-Ural 

z u s a m m e n f a s s u n g 

Die Rb-Sr-Systeme sind in sämtlichen Gesteinskomplexen der Ophiolithassoziation mehr 

oder weniger gestört. Für zwei aus dem Harzburgit separierte Enstatitproben wurden 

niedrige Strontiumverhältnisse (0.701) gefunden, die für ein sehr hohes Modellalter der 

Ophiolithsubstanz (ca. 3 Md.a.) sprechen. Durch eine Serie von Gabbroproben wird das 

Isochronenalter zu 1,5 Md.a. definiert. Die Tonalite wurden wesentlich später als die 

Gabbros unter Beteiligung sialischen Materials gebildet. Damit wird eine lang andauern

de und komplizierte Entwicklungsgeschichte für die Ophiolithassoziation nachgewiesen. 

• 
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Composition d'isotopes Sr dans les roches du massif ophiolitique Wojkaro Sininsk 

de l'Oural Polaire 

R (! s u m €! 

Dans tous les complexes (sans exception) les roches de l'association ophiolitique 

de l'Oural Polaire les systemes Rb-Sr sont troublfles dans tel ou tel degrfl. Dans les 

deux flchantillons de l'enstatite des harzburgites on a dflcouvert de rapports iso

topiques bas du strontium (0.701). Ceci montre l'age de modele bien ancien du sub

stance ophiolitique (3 md.a. environ). Une s(!rie des flchantillons gabbro a une iso

chrone ayant l'Age de 1,5 md.a. Les tonalites sont formfles plus tard sur les gabbro

ides avec une participation �vidente du matflriel sialique. Ainsi on voit 1 1 itablisse

ment d'une histoire longue et compliquie du d�veloppement des roches du complexe 

ophiolitique. 

Bofü<apo-GhlHhUHCKHfi MaCCHB - 0,llJIIH JII3 HaH6oJiee npe,llcTaBI-IT8JibHhlX O(r,HOJIJIITOBHX KOMilJieK
COB Ha ·reppliITOP:-l:JII CoBeTCKOro Co10sa. B HeM coxpaHeHhl HeHapymeHHHMJII paspe31:l 60JihlllJIIHCT
Ba nopo,ll acCO[(lla.r.tHJII. PacnoJiaraJICh B IlOJISipHOH KJIJIIMaTJIIqecKOfi 30He nopO,llhl MaCCJ/IBa ,llOJDK
Hhl ÖhlJIJII 6H B MaJIOH cTeneHH IlO,llBepraTI>Cfl XHMJIIqecKOMY BHBeTpHBaHJIIIO. MaccHB npeKpacHO 
o6Ha.JK8H, 3HaqHT8JibHaJI no MOIUHOCTH qacTh ropHoro COOpYJKeHHfl IloJISipHoro YpaJia 6uJia 
cpesaHa BO BpeMH IlOCJI8,llHe_ro OJie,lleHeHJ/Ifl, Bce 3TO Il08BOJiflJIO H8,ll8flTE,Cfl IlO�JIITE, HaH60-
.,1ee CB8)Kl,18 nopO,llH no cpaBHeHHIO C ,llpyrHMJII I!pOflBJI8HJ/IflMH ort•HOJIJIITOB. 

AHaJIJ1TJIIqecKaJI MeTO.UHKa 

:'13Mepemi.H B8JIJIICh KaK no :eaJIO:Blill npo6aM t TaK H no MOHOMJIIHepaJibHHM /hlaRI.tHflM JII3 H.l/IX. 
I3aJIOBHe npo6u OT6HpaJIJIICh B pasMepe OKOJIO 5 Kr, ,llp06.llIJIJIICE, .J1I KBapTOBaJIJIICE,. X.lliwrqecKOe 
pa3JIOJK8HHe npo6 BeJIOCE, B CM8C.JII KHCJIOT HF H HClO 

4 
• XpoMaTorpa.mvrqecKoe Bhl,lleJieHHe 

Rb H Sr npoBO,llHJIOCh Ha KaTHOHJ/ITe AG 50x8 200-400 3JilOHJ)OBaHHeM COJiflHOH KHCJIOTOH. 
0611\He ITOHOBHe CO,lleplKa.HJIIfl COCTal3JIHIOT: ,llJifl CTPOHUI1.fi - 5±! Hr J/I ,I[Jlfl py6JII,I[J/Ifl - 0, 5,±0, l er.

H3MepeHHfl.B8JIJIICh Ha Macc-cneKTPOMeTpe MAT-260 (�Pr). MsMepeHHOe 3HaqeHHe OTHomeHH.R: 
87srl86sr ,I[Jlfl 3TaJIOHa E.a.A. COCTaBJifleT rro II onpe,lleJieHHflM 3a Bpewr c 7.0I.81 

no 9. 08. 81 0, 70805,±0,, 00003 ( 95 % ,llOBepHT8JibHHH .JIIHTepBaJI) • 

, 
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YJII:,TpaoCHOBHble nopo.llbl 

H30TOilHble HCCRe,UOBaHWI IlOK�SaJUI, qTo COBpeMeHHble py6�H-CTPOHui,ieBhle CHCTeMbl B yJII:,
TpaOCHOBHHX nopo,uax HapyweHbl. 

BaJioBHe npo6u HMeIDT oqeHb BHCOKHe H30TOilHble OTHomeHHR CTPOHUHR, B TO BpeMfl KaK B MO
HOMHHepaJil>HblX �PaKUIDIX OHH HmKe. 3TO orrpe�e�eRHo roBOPHT O 3arpR3HeHHV. rropo� pa,IlHO
reHHHM CTPOHUHeM. MsOTOilHhle OTHOmeHWI B BaJIOBhlX npo6ax B HeKOTOPWC CJ!j"i:aßX npeBblillaIOT 
3HaqeHHe 0.709, CBOHCTBeHHOe CTPOHUIDO MOPCKOH BO,Uhl, qTo CB�eTeJll,CTByeT O KOHTaMH
HanHH HX pa,n;HoreHHhlM CTPOHUHeM KOHTliHeHTaJibHOH KOPN. BepORTHasI IlpliqHHa sarpR3Hemfü 
CBR3aHa C npoueccawi cepneHTHHH3auHH HJiß KOHTaMHH�H no noBepXHOCTRM MHHepa.JIDHhlX 
sepeH. 

TioaTOMY BCe MOHOMHHepaJII,Hble �PaKUHH yJII:,TpaocHOBHhlX nopo,u IlO,UBepraJIHCb yJII:,Tpa3BYKO
BOi o6pa6oTKe B 2H COJISIHO� KHCROTe. CqHTaeTCR, qTo BTOPHqffOe (sarpR3HJOOmee) BemecTBO 
MeHee npoqHo y,uepuBaeTCfl B MHHepanax H Il03TOMY BhlmeRaqHBaeTCR B nepB� oqepe,Ub. 

Ilpli 3KCnepHMeHTax c IlORßPHOYPaJibCKHMH npo6ar.m B paCTBOP ruICROThl nepexO,UHRO OT 10 .uo 
40 % py6li,IlHR III CTPOHUHR, Ilpli aTOM B 60JII:,IDIIIHCTBe c.rryqaeB H30TOilHble OTHOW8HWI 87srl86sr 

B OTMbITblX o6pasuax IlOHIDKa.Jil'ICb no cpaBH8HHID C H80TMblTblMH. Ü,UHaKO, H TaKruI o6-
pa6oTKa He rapaHTHpyeT IlORHOro HCKRIDqeHHR KOHTaMHHHp�mero BemecTBa. 

Ha PIIIC. I Ilp11IB8,U8Hbl pesyJil>TaTbl aHaJIH30B MHHepa.JIOB, B�eReHHhlX H3 JKP!Jll,HhlX Be6cTepMTOB, 
rapu6yprHTOB 111: o,uHoro o6paaua RepuoJIMTa. JlHHMHMH Ha rpan-•HKe B Koop,ullIHaTax 87 s/86sr 
H Rb/Sr coe,UHHeHbl TO'.lKH, KOTOpble OTBeqaroT MHHepa.JiaM O,UHoro o6pasua. <liopM8.1IbHO 
HaKROHhl aTHX IlpSIMhlX CaMl,le pa3JIH'liHhl8. Jlßmm, K KOTOpble OTBeqaror MOHOMMHepaRbHl,IM rt,paK
UHJIM H3 rapu6yprHTOB III RepUOJißTa, Boo6me HM8IDT OTPHila'reRbHhlYi HaKROH. Bce 3TO onpe,ue
R8HHO roBOPHT O HapyweHHH py6li,IlHH-CTPOHUH8BblX CHCTeM B aTMX nopo,uax. 

Ü,llHaRO, HeCMOTPR Ha RBHhle IlpH3HaKH sarpfl3HeHWI yJII:,TpaocHOBHhlX nopo,u, Y.Ua.JIOCb o6Ha
PYJKHTb HH3KHe H30TOilHHe OTHOID8HHR B .UBYX o6pasuax 3HCTaTIIITOB, BH,UeReHHhlX H3 rapu-
6yprHTa H RepUOJillTa. TaK, B o6pasuax 666 H 651 H30TOilHhlH COCTaB CTPOHUHR OKa3aJICR 
0.70IO,t0.0005. 

Ilo.rryqeHHhle no 8HCTaTHTaM HH3KHe H30TOilHble OTHOllieHHR roBOpRT 06 oqeHb ,upeBHeM B03pa
CTe 3THX nopo,u. Hcxo,uH H3 O,UHOCTa,JJ;HHHOil MO,UeJIM pa3BHTHff Ma.HTHH, B03pacT o6pa30Ba.HHR 
BemecTBa Oq)HOJIIIITOBOro KOMilReKca OK83HBaeTCR ÖKORO 3 MRp,U. ReT. 

ÜCHOBHHe rropo,Jlbl 

HsyqaJUICb nopo,uH paaHHX qacTett oqJHoJIMTOBoro paspesa - ra66po H ra66po-HopHTH paccRo
eHHoro ra66po�r111:nep6asmTOBOro KOMilReKca 111 ,UHa6a3bl ,UllliKOBoro KOMTIReKca. IlocKORbKY HX 
H30TOilHHe xapaKTepHCTHKH OKaSa.JIHCb CXO,llHHMR, OHH paccMaTpHBaIOTCR COBMeCTHO, Pesym,
TaTbl HayqeHHH OCHOBHWC rropo,u npe,ucTaBJieHbl Ha p111c. 2. 

HecMOTPR Ha neTporpa(firqecKJID CBe�eCTb 60JII:,lliHHCTBa H3yqeHHHX rropo,u, OTMeqaroTCR RBHUe 
HapymeHIIIR HX py6li,IlliH-CTPOHUH8BbIX CHCTeM. H30TOilHHe OTHomeHWI 87sr186sr B ra6dpo
H)tax ReJKaT B npe,ueJiipc o. 7027 - o. 7050 IlpH H3M8H8HHH Rb/Sr OTHOllieHWI B HHX OT MeHb
lIIl'IX 0.001 �o 0.015 npH co,uepXaHHH CTPOHUHR B HHX OT 80 .uo 340 MKr/r. 
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PHc. I 

PHc. 3 
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Ha6mo,uaer.me öOJII,WHe BapHan;KH B H30TOl1HOM COCTaBe CTPOHnrul He COOTBeTCTBYJOT CTOJII, 
HH3Kl™ OTHomeHRRM Rb/Sr B ÖOJII,DmHCTBe H3�eHHHX o6pa3UOB. 

ß Rb/Sr 
pas,ueJIBIOTCR Ha ,nBe rpynIIl:l. 06pas1.o,1, HM8ID111He 6oJiee BHco:ime OTHomeHHH, pacnoJIB.I'aroTcH 
B Jl8BOH BepxHeH qacTH rpa�HKa. rro HHM flBHO H8JII,3ß npoBO�Tb HHKa.KHX B03pacTHYX one
HOK - rryHKTHPHM JIHHM Ha. rprupirne, KOTOPM orpaHH�BaeT azy rpynny TO'q8K, HMeeT 
HaKJIOH, OTB8'qaIOIIU1H YCJIOBHOMY B03pacTy CBHme 8 MJip,U. JieT. JlpyrM qacTb TO'q8K pacno
JiaraeTCH Hllll'.e HJIH npaBee. MOlKHO npe,UßOJIO)KHTb, l!TO Bce OT06paHHHe o6pa.3UH npe,UCT8B
JIHIOT nopo,UH, KOTOplie B pa3HOH cTeneHH ßO'ABeprJIHCb H3M8H€HHHM H, COOTB8TCTB€HHO, npa
BHe H RmlKHHe TO'qKß OTB8'qaIOT HaHM€Hee H3M8H8HHHM IlOpO,UaM. 3TH TO'qlGI annpOKCm.mpr

TCH
npHMofi, OTBeqaromett BospacTy oKoJio l,5 MJIP'A· JieT npH Haqa.m.HOM OTHomeHHH 87srl8 Sr 
= 0.?0265. EcTeCTBeHHO, 'qTO Ha,nelKHOCTb OßP8'A8Jl8HHfl B03pacTa no TaKOMY MaJIO npHrO'A
HOMY ,UJIR ueJiefi 'AaTMpOBaHHß MarepHaJiy (B CHJiy oqeHb HH3KHX Rb/Sr OTHOlli8HHH H Bepo
HTHOCTH KOHT&\fflHauHH) He B€JIHKa. rroaTOMy BalKHO 6HJIO BHHCHHTb, Ka.I<He H3 MHHepaJIOB 
ra66pOH,UOB OK83aJIHCh HaH60Jiee YCTOHl!HBHMH H, B03MOlKHO, coxpaHHJIH CBOH nepBHqHHe xa
PaKTepHCTHKH. B H8KOTOPHX CJiy'qMX HMH OK83aJIHCb IlHPOKC8HH. KaK B�HO H3 rprupHK8 PHC. 
2, TO'qKß, COOTB8TCTByIOIUHe aTHM ßHPOKC8HaM, nona,naroT Ha Ty JKe npRMyIO, T8M CaMYM yBeJW
l!HBM npaBOMepHOCTh ee B03pacTHOH HHTepnpeTauHH. 

0,uHa H3 TO'q8K noJiyqeHHOH H30xpOHH (o6p. 614) IlpHHa,nJieJKHT 'AHa6aay ,UBHKOBoro KOMilJieKca. 
3ro o6cTORT8JibCTBO MO�eT yKa3HBaTb Ha reHeTlf48CKOe po,UCTBO BemecTBa ra66po�OB H 
,U8EKOBoro ROMnJieKca. 

TOHaJIHTH 

H30TOilHHH COCTaB CTPOHUHR B H3yqaeMblX nopo,uax oqeab O,UHOpo,ueH - OTHOlli8HH8 87srl86sr 
B HHX KOJ1€6JI8TCfl B npe,ueJiax o. ?0413 - o. ?04?5 npH H3M8H8HHH OTHOlll8HHH Rb/Sr B 
H�X OT 0.001 ,UO 0.04?. HHKaKOH KoppeJIRUHH Me,iuty_COOTHomeHHHMH Rb/Sr H 
87srl86sr no BaJIOBHM npo6aM TOHaJIHTOB He Ha6JIID,uaeTcH. 

AHaJIH3 MOHOMHH8paJibHHX �PaKUMH H3 o6p. 615 (IIJiarHOKJia3, 6HOTHT H a.MqJHÖOJI) B coqeT8HHH 
c BaJIOBOli npo60H ,uaeT H3oxpoHy B 400± 10 MJIH. JieT (pHc. 3). Hal!aJII,HOe OTHOW8HHe H80-
TOilOB CTPOHUM B npo6e(87sr;86sr)o = 0.?0385± 0.00020. E.7m3KßH K 8TOMY B03pacTy 
IlOJiyqeH H ,UJIR o6pasua 613 no aMl)H60Jiy H BaJIOBOH npo6e. HaqaJII,HOe OTHOmeHHe H30TOßOB 
CTPOHIJ,Hß ,UJIR npo6H 613 -(

87sr/86sr) = 0.70410 + 0,00010 
0 -

Tal<MM o6pa30M, pesyJII,TaTOM H3Yt!8HM TOHaJIHTOB HBJIR8TCH, BO-nepBHX, OTCYTCTBH8 Kop
peJIRUHOHHHX 3aBHCHMOCT€H B HSOxpOHHHX KOOp,uHHaTax ,UJIR: o6pa3UOB �aJIOBHX npo6 H, BO
BTOpux, cymecTBOBaHHe .UBYX H30xpOH no MOHOMHHepaJII,HHM npoöaM C 6JIHSKHMK (nepeKpli
Ba.KiIUHMHCH) 3HaqeHHHMH B03paoTa H C 6JIH31UiMH H8'qa.JIE,HHMH OTHomeHHHMH. IlepBH'qff08 OTHO
ill€HHe H30TOßOB CTpOHUHH B TOHaJIHTax (0.70385 H 0.?0410) 3H8'qHMO BHme cpe,uaero OTHO
meHHH 87 s/86sr 

6 
B ra66po�ax M8CCHBa 400 MJIH. J18T aasa.n (0. ?030). ,lI.1ur OU8HKH 

OTHomeHIIUI 87 sr18 Sr B ra66po�ax MY HCllOJlI,30BaJIH H8'qaJIDH08 OTHOW8HIII8 HSOxpOHH no 
ra66po (0. 70265) z IlpHHRJIH OTHOlli8HHe Rb/Sr = 0.0I. 3TH paSJIHtIIIUI B HSOTOIIlUiX OTHO
meHHHX CTPOHUHH B ra66po�ax H TOHaJIHTax CBH)leT8JII,CT:syeT, 'qTO B npouecce o6pa30B8HIIUI 
TOHa.JIHTOB yq:acTBOBaJI MaTeplliaJI cza.,mqecKoil KOpli. Ha TO xe yKaSHBaeT H xopoma.R: ROppeJIR:� 
IJ;Hß' III30TOl1HOro COCTaBa CTP0HUHR H KHCJiopo�a no BaJIOBHM npo68M o6paanoB TOHaJIHTOB 

(pHf. 4).
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3aRJll0'!{8HH8 

Ilo�eHlille pe3yJIJ,TaTH ßO CO,IJ;epJKaHWIM py6HJIHR H CTPOHUHR B rropo,IJ;ax O(pHOJIHTOBOH acco
IU'IauHH BollKapo-CWibHHCKoro MaCCHBa ,IJ;aIOT B03MOltHOCTb C'CfHTaTb rMrrep6a3MTbl M ra66po 
rrpoH3BO,IJ;HHMli BemecTBa ,IJ;8ßR8THPOBaHHOH MaHTlffl, CXO,IJ;HOH, ßO-BM,IIHMOMY, C BemecTBOM 
cpe,IJ;HHHl,[X OKeaHHqecKMX xpe6TOB. M30TOmIHe ,IJ;8HHN8 ßO,IJ;TBepJK,ItaIOT MHOrOCTa,millHOCTb H 
,IJ;JmTeJIJ,HOCTb qx>pwi:poBaH!lfR KOMIIReKca. BpeMH o6pa3OBa.HHR ra66pOH,IIOB oueHHBaeTCR B 
I,5 MJip,IJ;. ReT. YJII,TpaocHOBHble rropo,IIN MaccHBa ,npeBHee H He MCKJilO'!{eHo, '!{TO Bpewr Ma.H
THIDIOH ,IIHqxpepeHUHauHM, B peayJIJ,TaTe KOTOPOH BO8HHICJIO HCXOnHOe B8lll8CTBO O�HOJIHTOB 
IloRRpHoro Ypana, ,IJ;OCTHraeT 3 MRp,IJ;. ReT. Ha 8TO yKaSNBaIOT HH3IIBe M8OTOmible OTHOill8HHR 
CTPOHUHR, o6Hapy�eHHble B HeKOTOPHX O6pa3uax rzrrep6a3HTOB. 

Cy� rro 60JIJ,IDOMY OTPNBY BO BP8M8HR M rrepBH'!{Hb1M OTHOmeHHRM CTpüHUHR, TOHaJIHTbl Bo:lh<apo
CbIHMIHCKOro MacmIBa He RBJlfilOTCR npSIMHMZ rrpoH3BOnHhlMli MaH'THHHoro B8lll8CTBa. ÜHM, ßO-BH
nHMOMY, npe,IJ;cTaBJimOT co6ott pe3yJII,TaT BTOPM'!{HOro rrpeo6pa3OBa.HM OCHOBHNX rropo,IJ; O(pHO
Jrn:TOBOro KOMITReKca C HeKOTOpHM ßPHBHOCOM Cßa.lIR'!{8CKOro BemecTBa H MOE8T 6blTb xapaKTe
pM3yeT rrpouecc rpopMRpOBaHHR KOHTMH8HTaJIJ,HOR KOpbI 3a C'!{8T nopo,II KOPH Cßa.lIH'!{8CKOro 
TMIIa. 

IloRy"qeHHI:le pesyJII,TaTN He rrpoTHBOpeqaT orry6.mn:oBaHHb1M ,IJ;aHHHM rro ,IJ;pyrHM O(pHOJIHTOBblM 
MaCCHB8M MHpa. 

YJII,Tpa6a3RTN H CM3aHHOe C HHM xpoM-HHKeJIJ,MaI'lieTMTOBOe opy,IJ;eHeHHe B paiioHe rop. 
Ap,IJ;HHo (UeHTpaRDHHe PoAOßbl, 

EoJiraprur) 

K. KO.JJlIEBA H M. Jli.EJiff3KOBA-nAHA�OTOBA I)

P e 3 10 M e 

B necTpoiii ,IJ;OKeM6pHi1:CKOH MeTaMOpdlHll8CKOH cepITTI B paiioHe rop. Ap,IIHHO (UeH·rpaJIJ,Hble Po
,IIOßbl, EoJiraprur) YCTaHOM8Hbl ym,Tpa6a3l'ITbl B 6y,nHHaJKHHX CTPYKTyPax, M8TaMOpgJ03HpOBaH
Hl:I8 B aMQJH60JmTOBOH q\anBM, B HX KOHTaKTax C MPaMOpaMR YCTaHOB.,'I8HO MarHeTMTOBOe opy
,IJ;eHeHHe ,IJ;Byx THIIOB. IlepBI:lll THß BM8lll8H Herrocpe,IJ;CTBeHHO B yJII,Tpa6a3MTax C IIOCR8,IJ;OBa
T8JII,HHM H3M0HeHl'I8M B CTOPOHY KOHTaKTa CMJmKaTHHX MHHepanoB: OJIHBMH + OPTOllHpOKCeH -
OJmBHH + OpTOimpOKCeH + aKTHHOJIHT - OPTOllHpOKCeH + aKTMHOJIHT - porOBM o6MaHKa. 
BTopott THIT opy,IJ;eHeHHß YCTaHOMeH B RHCTB8HHTax, o6pasoBaBmHXCR rRaBHbIM o6pa3OM rro 
yJII,Tpa6a3MTOM. B py,IJ;ax KPOMe MarHeTHTa yqacTByIOT B nepeMeHHHX KOJIHli8CTBax Kap6oHaTl:I 
M KBapu (XaRUe,IJ;OH). MarHeTH'l', OCHOBHOtl: PY.IlHbIH MRHepan o6OHX rpyrrrr napareHe3, OTJIH'!{a
eTCR O,IJ;HOBpeMeHHblM conep�aHHeM NiO (0,88 - 3,47 %) M Cr2OJ (5,30 - I3,69 %), ßOBblilleH
Hl:IM MnO H CoO , rrp:0:cyTCTBMeM ZnO H cnopa,JIHqHO - PbO • B py.nax cepa rrpaKTH'l8CKM OTCY'l'CT
ByeT. M3yqeHbl ipM3H'!{8CMe CBOHCTBa MarHeTHTa. reae3HC opy,IJ;eHeHHR IlOKa He BblRCH8H. 

I)COcpRHCMH yHHBepcHTeT "K.lmMeHT OxpH,!ICMH", IOOO Coi)'illfR
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Ultrabasites and connected with them mineralizations of Cr-Ni magnetites 

in the area of Ardino (Central Rhodope Mountains, Bulgaria) 

S u m m a r y 

Ultrabasites in boudinage structures, metamorphosed into amphibolite facies have 

been found in the Precambrian metamorphic series in the area of Ardino (Central Rhodope 

Mountains, Bulgaria). Along their contact with the marbles magnetite ore mineralization 

of two types has been distinguished. The first type, being in the ultrabasites, shows 

a sequence of alteration of the silicate minerals towards the contact as follows: 

olivine + orthopyroxene - olivine + orthopyroxene + actinolite - orthopyroxene + 

actinolite - hornblende. The second type of ore mineralization is genetically asso

ciated with listvenites formed mainly in ultrabasites. Besides magnetite, varying 

quantities of carbonate minerals and quartz (chalcedony) have been established in the 

ore bodies. Magnetite, the only ore mineral in the two paragenetic groups, contains 

simultaneously NiO (0,88 - 3,47 %) and cr2o3 (5,30 - 13,69 %), higher quantities of

MnO and CoO, some ZnO and PbO- sporadically. Sulphur practically lacks in the ores. 

Physical properties of magnetite have been paid particular attention. The ore minerali

zation origin is not clear yet. 

Ultrabasite und mit diesen verbundene Cr-Ni-Magnetit-Mineralisationen 

im Gebiet von Ardino (Zentralrhodopen, Bulgarien) 

Z u s a m m e n f a s s u n g 

35 

In der bunten präkambrischen metamorphen Serie im <Hlbiet von Ardino (Zentralrhodopen) 

wurden boudinierte Ultrabasite gefunden. An deren Kontakten mit Marmoren kommt Magnetit

Mineralisation in zwei Typen vor. Die Mineralisation des ersten Typs ist unmittelbar 

in den Ultrabasiten eingeschlossen und zeigt folgende Änderung der Silikatparagenesen 

in Richtung auf den Kontakt: Olivin + Orthopyroxen - Olivin + Orthopyroxen + Aktino
lith -orthopyroxen + Aktinolith -Hornblende. Der zweite Mineralisations-Typ wurde 

in Listweniten festgestellt, die sich im allgemeinen nach den Ultrabasiten gebildet ha

ben. Im Erz findet man außer Magnetit unterschiedliche Mengen von Karbonaten und Quarz 

(Chalzedon). Charakteristisch für den Magnetit, das Haupterzmineral beider Paragenesen 

sind NiO-Gehalte von 0,88 bis 3,47 M.-%, cr2o3-Gehalte von 5,30 bis 13,69 M.-%, erhöhte

MnO- und CoO-Gehalte, die Anwesenheit von ZnO und manchmal von PbO. Das Erz enthält prak

tisch keinen Schwefel. Die physikalischen Eigenschaften des Magnetits wurden untersucht. 

Die Genesis der Mineralisation ist noch nicht geklärt. 

Les roches ultrabasiques e des mineralisations de Cr-Ni-magnetite 

dans la region d'Ardino (Rhodopes centrales, Bulgarie) 

R 6 s u m 6 

Dans la s6rie m6tamorphique vari6e d'!ge pr�cambrienne au r6gion d'Ardino (Rhodopes 

centrales, Bulgarie) sont· 6tablies des roches ultrabasiques sous forme des boudins. 

' 
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Leurs contacts avec les marbres incluants montrent deux types des minerais de magn6tite. 
Le premier type, divelopp� sur les roches ultra-basiques s'accompagne d'un changement 
successif des min�reaux silicat�s vers le contact: olivine + orthopyroxene - olivine + 
orthopyroxene + actinolite - orthopyroxene + actinolite - amphibole. La deuxieme 
mineralisation est �tablie dans les 11listv�nites11 , formees surtout au compte des ultra
basites. Les minerais de cet type sauf de magn�tite comprendent encore des carbonates 
ferriferes et de quartz (calcedoine). La magn�tite, le mineral dominant pour les deux 
parageneses, se caractirise par la teneur en NiO (0,88 - 3,47 %) et en cr2o3 (5,30 -
13,69 %), par les teneurs elevees en MnO et en CoO, aussi bien que par la pr�sence de 
ZnO et parfoit de PbO. Dans les minerais la soufre pratiquement absente. Certains 
donnees sur les proprietes phisiques de la magnetite sont aussi estinees. La genese de
la mineralisation magnetitque n'est pas encore expliquee. 

YCTaHOBJieHHble xpoM- H HHKe.lII>CO�ep�aIUHe MarHeTHTOBble opy'AeHeHHR B pruioHe rop. Ap�HHO 
(UeHTPa.JihHHe Po'AOmI, EoJirapHR) npzypoqeHHHe K nepzoiepHqecKHM 30HaM ym.Tpa6a3HTOBblX 
TeR B HX KOHTaKTax C MPaMOpru.m, npe'ACTaBJI.RIOT onpe'AeReHHblM HHTepec KaK CBOeo6pa3HeM 
xm,mqecKoro cocTaBa ocHoBHoro PY'AHOro MHHepaRa, TaK H cBoett reoRorHqecKott noam:�ue�. 

BMemaIOIJlHe opy'AeHeHHe YJlI>Tpa6a3HTOBble IlOPO'Abl npe'AcTaBJieHH He6om.rub1Ml1 Rttue- H CHJLJIOno� 
�06Hb1Ml1 Te�aMH. ÜHH pacnoRo�eHbl B 6y�HH8JKHblX CTPYKTYPax CP8'AH IlOPO'A Po'AOilCKOro MeTa
MopclJnqec1mro KOMMeKca, KOTopuit B aToii qacTH paspeaa OTJnrti:aeTcR necTpblM neTporpai!iH
qecKll!M COCT8BOM. B pruioHe BCTpe'tlaIOTCR 6HOTHTOBble H 'ABYCJilO�Hble rtteßcbl, opro- H napa
aM�H60JIHTbl H OTHOCHTeRbHO xopomo Bbl,Ilep�aHHble no npOCTHPaHHIO npocRoitKH MPaMOPOB. Ym,
rpa6a3HTbl, Hepe'AKO BCTpeqaiomzecR rpynnaMH HeOOJlI>WblX 6JIH3KO pacno�o�eHHblX Te�. npe�
CT8BJI.RIOT, BepORTHO 6y�HHbl KOr'Aa-TO cymecTBOB8BIDHX 6o�ee KPYilHHX Te�. c�e,IIyeT OTMeTHTb 
60JlI>IIIyIO "HacumeHHOCTb" IlO'A06HblMH He60JlI>WHMH Te� MeCTHOCTeli "KomapHTe" H OKpecT
HOCTH c. �y6pHKa. PaaMepbl OT'AeJlI>HblX 6y'AHHHPOBaHHblX Te� H3MeHRIDTCR OT 50 - 60m no 
�JIHHHOH OCH H 20 - 30m no KOPOTKOH 'AO KPOXOTHblX Te�. nopR,llRa HeCKOJThKll!X MeTpOB 
( �v,r. 1 :rr 2) • Hrur6oRee RPYIIHOe y JlI>Tpa6a3HTOBOe Te�o y c. CBeTy �Ka ( 300 x 60 m) 
(�Hr. 3). B 60JlI>1DHHCTBe CJiy'tJaeB YJlI>Tpa6a8HTOBHe Te� ueJm:KOM HJIH '9:8CTHqHo OKPY�8Hbl 
M8CCHBHHMH HJIH no�OC'tlaTblMH rpaHaTOBblMH OPT08MqlH60JIHTaMH, npe'ACT8BJIRIDIJlHe 006010 liI3Me
HeHHble nepBHqffO ra66pOBHe nopo'Al,I, npocTpaHCTBeHHO 1iI reHeTHqecKH CBR3aHHHe c y,n,Tpa-
6a3HTaMH. rro�o6Hble aM�H60JIHTbl Bcrpe'9:aIOTCR H OT'AeJlI>HO OT YJlI>Tpa6a8HTOB, B BH'Ae 6HCTPO 
BblKJIHHHBaIOlllHXCR JIHH30BJiI'AHblX IIpOCROeK cpe'AH rHeHCOB H MPaMOPOB, 

MHHep8.JII>H8.R napareHeaa MeTaMOpq')HqecKHX IlOPO'A, BMemruoume YJlI>Tpa6a3HTbl, KaK H CaMH YJlI>
Tpa6aSHTOBble IlOPO'Abl, CBH'AeTeJlI>CTByIOT o TOM, '9:TO B ueROM BeCb KOMMeKc IlOPO'A 6H� IlO'A
BeprHyT nporpeccHBHOMY MeTaMOPWH3MY B YCROBHRX cpe'AßHX 'A8MeHHH H TeMnepaTyp, npHBe'A
WHe K npeo6pa80BaHIDO B 8MqJH60JIHTOBOi1 Q;-8UHH. 3ro CBH,IteTeJibCTByeT o 6eccnopHoii npHH8,ll
Jie�OCTH YJlI>Tpa6a8HTOB Ap'AHHCKoro paHOHa K rpynne HaH6o�ee �peBHHX �OM6T8.MOl)WHqecKEC 
YJlI>Tpa6a3HTOBblX npoRMeHHÜ, BCKIJblTble Ha TeppHTOPHH EoJirapHH (ieJIRSKOBa-ITaHattOTOBa, 
H ,np., 1977). 3aTpoHyBJDHtt HX MeTaMOP�M3M B aM�H60JIHTOBOii qJ8UllH npHBeR K noqTR IlOJIHOit 
'AecepneHTHHH88UHR, K qx)pMffPOBaHlliO ycToßqRBOß MliIH6P8JlI>HOä accOUHaUHH BKJll0'9:8IOmyIO OJIJIIBliIH, 
opTOID'IPOKCeH H TpeMOJIHT-aKTHHO�T. 
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<l>Hr. I reonorHqecKaR oxeMa ynbTpa6asHTOBoro 
Tena/ BOCTQqHee YeOTHOCTH "KowapHTe", 
Ap,nHHOKH� pa�OH 
1 - KBapu-nerMaTHTOBaH �wia, 
2 - aKTHHORHTOBaH nHHsa, 
3 - 8.J4qrn6onHTbl, 
4 - ynbTpa6aSHTbl, 
5 - Mpat,tOpbl, 
6 - 6HOTHT0Bble rHe�obl, 
7 - aneMeHTbl aaneraHHH 

C], 12)2 �J E;J, @s �6 �1 

<l>Hr. 8 reonorHqecKaH oxeua ynbTpa6asHTOBoro 
Tena y c. CBeTynKa 
1 - RHOTB8HHTbl, 
2 - py,nHaH aoHa, 
3 - 8YqJH60RHTbl, 
4 - ynbTpa6asHTY, 
5 - YpaMOpbl, 
6 - rHeilcbl, 
7 - aneueHTbl saneraHHH 

0 10 10 JO 

-""==--m 
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�Hr. 2 reonorHqecKaH cxeMa ynbTRa6asH
ToBoro Tena B M8CTHOCTH KowapHTe11 

1 - PYJ.lH8H SOHa, 
2 - ynbTpa6aSHTbl, 
3 - Mpa1.mp1,1, 
4 - sneweHTbl saneraHHH 

5 6 10 

<l>Hr. 4 IleTpOXHMHqecKaH J,lHarpaMMa ynbTpa-
6aaHTOB pa�oHa rop. Ap,nHHO 

N N 

~ l 

6 
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MeTBMOP�HqecKHe npeo6pa30Ba.HHR RCHO qlZKCHPOBaHH B TeKCTYPHHX oco6eHHOCTRX Y.1II>Tpa6a3H
TOB. B 6om,mHHCTBe ym,rpa6a3HTOBbJX TeJI Ha6JIIO,lla8TCR cooeo6pa3HM, ccpepHqecKM TeKCTypa, 
KOTOPM Ka.K 6H IlOBTOpReT B 6oJiee MeJIKOM MacmTa6e OKPyrJIYIO q>OPMY T8JI. ÜT,ll8Jl:bHHe "ccpepH", 
�HaMeTpOM no HeCKOJil>KHX MeTpOB, npH BHBeTpHBaHHH paccrra,IlaIOTCR CHapy,m: K BHyTpeHHOH 
qacTH C oTmenJieHHeM cwepHqecKH H30rHyTHX Kop. IloBceMeCTHO, Ha q>OHe KpacHOBaTo-cepoii: 
OCHOBHOli MeRKOKPHCTaJIJrnqecKOH Macce, B�eJIBIOTCR KPYilHble (,llo 5 - 7cm) poaeTKOBH,llHO 
paccnoJio�eHHHe KPHCT� OPTOilHpOKCeHa CB8TJI0-6yporo UBeTa. Hape,llKa Ha6JIIO,llaeTCR TeH
neHtnfR K cocpe,llOTOqHBaHHH opTOilHPOKCeHa B Y.Il.llliH8HHHX 30Hax, HailOMHHaIOmHe IlOJIOCH, 

MHHepMorHqecKHli cocraB ymTpa6a3HTOB He oco6eHHO 6oraT, HO B COOTB8TCTBHH C 60JibWHMH 
BapHfilU{RMH KOJlliqecTBeHHHX COOTHOlli8HHH nopO,ll006pa3yIDll\HX MHHepaROB ycTa.HaBJmBaeTCR 6om
moe paaHoo6paaHe neTporpa�ßqecKHx THilOB rropon. CepneHTHHH3a.I.J)IR npoRBJieHa cJia6o, HO 
6eccoMHeHHO pe3KO YCHJilIBaeTCR B TeKTOHHqecKH paacJia6JieHHHX 30Hax. QqeH:b IlOKa3aTeJieH 
B aTOM OTHOlli8HHH npHMep c y.m.Tpa6a3HTOBHM TeJIOM aana,nHee c. CBeTyJIKa (tMr. 3). B 
yqacTKax, rne OHO nepeceKaercH Ta.K Ha3HBaeM!,IM Ap,llHHCKHM pa3JIOMOM, nopO,llH IlORHOCT:bID 
cepneHTHHH3HPOBaHH, a B CTOPOHy OT Hero KORHqecTBO cepneHTHHOBHX MHHepaROB pe3KO YM8Hb
maeTcR, noRBJIR'.lOTCR xapaKTepHue noponoo6paayionme CHRHKaTHHe MHHepa.Jm • . 

ÜRHBHH 06HqHo npe,llCTaBJieH KpynHHMH aepHaMH, CJia6o cepneHTHHH3HpoBaHHHMH Bnom, TpeumH, 
2V ~ 90°. 

0pTOilHPOKC8H KPYilHOilPH3MaTHqecKHH, 2Vz = 75°. B OT,lleJil,HHX ceqeHIDIX Ha6JIIO,llaeTCß xa
paKTepHM nJiaCTHHqaTM CTPYKTypa. Ilo OilTHqecKHM CBOHCTB8.M H XHMHqecKOMY COCTaBy COOT
B8TCTByeT aHCTaTHTY (En91,s Fs7,7 Woü,5).

TpeMORHT-aKTHHORHT npe,llCTaBJieH M8H:bme, HO ero KOJiliqecTBO CHJil>HO B03pacTaeT K KOHTaK
TaM ym,rpa6a3HTOBHX TeJI,BcTpeqaeTCR, KaK B BHJXe KpyilHHX npH3MaTHqecKHX aepeH, Ta.K H 
B B:11:,lle MeRKOnpH3MaTHqecKHX' HromqaTHX ßH,llHBHnOB' 2 Vx = 75° . 

B OTHOCHT8R:bHO HenocTO.IIBHbJX, HO B ueROM B He60.1II>mHX KOJlliqecTBax, ycTaHOBReHH eme 
HJX,llHHrCHT, TaR:bK, Kap6oHaTH. 

AKueccopHHe xpoMWnHHeRH)lH 06WIHO KOPPO.IlliPOBaHH, B nepeceKaIOIIUIX MX TpemHHax pa3BHT 
XROpHT, 

XlfwiqecRH xapaKTepH30BaHH BCe YCTaHOMeHHHe THilH YR:bTpa6a3HTOBHX rropo,ll. Conep�aHHe 
BO,llH B HHX KORe6ReTCR OKOJIO 3,50 %, a B cepneHTHHH3HpOB8HHHX pa3HOBH,llHOCTRX ,llOCTHraeT 
16,50 % (B cpenHeM OKORO 12,50 %).

IleTpOXHMHqecKHe nepecqeTH (ieM3KOBa-IlaHrui:OTOBa H np., 1978) B coqeTaHHH c MHKPOCKOilß
qecKHMH HCCRenoBaHHRMH Il03BORH.7m B�eRHT:b; ,ItyHHTbl, rapn6yprHTH (HaH60Jiee pacnpocTpa
HeHHHe), JI8PllOJilITH H 8nßHHqffbJ8 npencTaB�TeJIH Be6cTepHTOB (�Hr. 4 H 5). QqeH:b xapaKTep
HO ,llM Y.1II>Tpa6a3HTOBHX nopo,ll noqTß IlOCTOJillHOe OTHomeHHe FeOK/FeOK + MgO 1) H He6om,moii:
pa3Max BapHa.I.J)Iii Si02 (qmr. 6). CJia6o M8HR8TCR H xapaKTepHCTHKa recca M/F- 8, 5 - 9, c 
8,llHHHqffl,IMH OTKJIOHeHHRMH B o6e CTOPOHH. 

1
)Feo* - cj'MMapHHe �eJieao, nepectm:TaHHoe Ha aaKßc:b.
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KOHHQeCTBeHHNe COOTHOWeHHH 
HOPMBTHBHOro OHHBHHB /OI/, 
opTOilHPOKCeHa /OPx/ H 
KRHHOilHpOKCeHa /CPx/ B ynbTpa-
688HTSX pa«oHa rop. ApAHHO 

(J.)Hr. 6 3aBHCHMOCTb Bemr1QHHN Feo• /PeO" + Mg() 
OT Si02 B YHbTpa6aaHTax pa«oHa rop. 
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�Hr. 7 CocTaB Ap�HHCKHX MBrHeTHTOB
1 - xpoM- H HHKen:&COAeplKSIIIHe 

MarHeTHTN, 
2 - CHH:&HO OKHcneHHNe xpoM-

�Hr. 8 3aBHCHMOCTb Cr20/Ui0 D MarHeTHTBX
Ap.&HHO 
1 - xpou- H HHK8RbCOA6Pl!ta1I1H« MSrHeTHT, 
2 - CHHbHO OKHCneHHNe xpoM- H HHKeHbCO-

H HHK6H:&CO�epza111He MarHe
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4 - HHHHH COOTHOlli0HHH Cr203/Ni0 � 4
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ConyTCTByIOIIIHe ym,Tpa6a311lTOBHe nopO,IlH OpT08MpH60JIJllTH B OCHOBHOM 6HB8IOT .IlBYX TJIIIlOB -
MaCCHBHl,le H IlORocqaTHe. B HX COCTSB KPOMe porOBOß o6MaHKß H IIJiarlllOKJiasa nwpoKoe yqa
CTJlle JipJIIHHMaIOT lll rpaHaTH nHpSJil,CnHTOBOro THna. I'paHaTH o6�HO Me�osepHHCTHe, B 
MSCCHBHHX aMqiH60JIJllTax paBHOMepHO pacceHHH, H�06RaCTJllqHHe, B IlORocqaTHX pa3HOBH,I(HOC
TRX - KCeH06RaCTJllqRue, CRaraIOT o6oco6ReHHHe IlOROCH. CpaBHHTeJII,HO qacTo BCTpeqaeTCR 
H ccpeH. 

ÜT,I(MeqeHHOCTo BO BpeMeHH H c�o,mrur reo�orHqecKM JIICTOPHR, B reqeHHe KOTOPO� YJII,Tpa-
6a3HTH IlO,I(Bepra.JmC:& MHoroKpaTHHM lll8MeHeHJIIHM:, oqeH:& aaTpy,IlH.fIIOT pasumqipOBKY HX nepBzq
HOH IIplipO,I(H, reHe3JIICa. ÜTHOCHTeR:&HM O,I(HOPO.IlHOCT:& H IlOBTOpReMOCT:& r-.mHepam,Horo H XH
r,ruqecRoro COCT8BOB npH6Jm�aIOT yR:&Tpa6aaHTH Ap,IlJIIHCKOro paiioHa K T.H. MeTaMOPWlllqecKHM 
nepH,IlOTJIITa� rapu6yprHTOBOro THna, CRaraIOIIIJlle H�Hllle qacTlll O�JIIOJ.Ill'.TOBHX KOMnReKCOB 
(COLEMAN, 1977). Hap.R,Ily c 8TJIIM, O,I(HaKO, HeKOTOpNe oco6eHHOCTJII, KaK qacTaR npocrpaHCT
BeHHM CBR3:& C opTOru.fPlll60JmTaMJII Jll HaxO,I(Kß nHPOKCeHJIITOBOro TJIIIla rropo.n, H8BO,I(RT Ha MHCJil, 
0 TOM, qro oqeH:& B03MOJKHO, JipHCyTCTBllle Jll KYMYMTJIIBHHX qReHOB O�JIIOJilITOBOro paapeaa. 1 

AcCOUJllruzyIR KYMYMTJIIBHHX YR:&Tpa6a3JIITOB C MeTaMOpqiJ11qecKßMH nepH,IlOTJIITaMH, KaK H3BeCTHO, 
He TaK y1{.. pe.nKa. 

MHoro:KpaTHHe TeKTOHJ11qecKJ11e B03,IleHCTBM Jll lllHTeHCHBHO npORMeHHHH ,I(JIIHaMOTepMSJII,HNH Me
TaMOp�lll3M B 8.M�Jll60JmTOBOH cp8.URJII IIpHBeJm He TOR:&KO K paapHBY lll CMellJ,eHmo yJII,Tpa6a311lTOBHX 
Jll 6aaHTOBHX TeR, HO o6yc�OBJIIJ.Ill'. Jll HHTeHCJIIBHyKJ nepeKplllCT�3ruzyIID. TiocRe,IlHRR JiplllBeRa K 
npeBpanteHHIO ra66poBHX nopo.n B 8.MqJH60JmTH, a yR:orpa6a3JIITH, noTepRB cepneHTJIIH lll �pyrHe 
BTOplllqHse MHHepaRH K .necepneHTJIIHH8au.HIO. 

XpoM- H HHKeJII,co.nep1{..811J,He MarHeTJIITOBHe opy.neHeHJIIR YCTaHOBReHH B Tpex yqacrKax Ap,IlJIIHCKO
ro paiioHa. Xopomo pacKpHTH Jll cpaBHHTeR:&HO .nyqme lllSyqeHH B .IlBYX H3 HJIIX. TIOR8Bli8 H86RID
,IleHHR H npoBe,IleHHHe HCCR8,IlOBaHJIIR Il03BO�T xapaKT8Plll30BaT:& HX c�e,IlyKJIIU�M o6pa30M. 

MarHeTJIITOBOe opy.neHeHllle nplllypoqeHO K KOHTSKTaM yi:&Tpa6a3JIITOBHX Te� c Ml)aMOPaMH H 
rrpe.ncTaMeHO .IlBYMR rrapareHeTJllqecKHMH rpyrrrraMH: MarHe311l8Jll,HO-ClllJIJIIKaTHO� lll KBapu-Kap-
6oHaTHOH. 

MarHeTJIIT-MarHe311l8Jll,HO-CJIIJ.Ill'.K8THHif THil opyneHeHJIIR 

B MeCTHOCTH "KomapHTe" OHO npocReJKHBaeTCR :anom, IDrOBOCTOqHoro H IDroaana,ItHOro KOHTaK
Ta He6o�:omoro dy.IllllHHPOBaHHoro ym,Tpa6a3HTOBOro TeRa (qilllr. 2). Ilplll ,I(RHHe OKORO 30-40m

MOlllHOCT:& py,IlHOH 30HH B roroBOCToqHoM KOHTaKTe OKORO I5 m ' a B roroaana,IlHOM - IO m '  
HO KOHTaKT C MpaMopru.m a.nec:o He ,I(OCTHrHyT. PaaMepN PY.IlHOß 30HH CBeTyR:KßHCKOro ym,Tpa-
6aaHTOBOro TeRa nplll JipHMepHO TaKOH-Xe MOlla{OCTH OTRJllqalOTCR 6om,meß npOT.IDlteHHOCT:&ID 
~ 200 m B,I(OJil, IOEHOrO KOHTaKT8. ( qllllr. 3) •
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Py,JlBue SOHH HM0IDT CROEHOe, ßORocqaToe CTpoeHHe. Ha6JIBJ,llaeTOH qepe,llOBaHHe 6oRee 6oraTHX 
PY.ll (ryCTOBKpaßJieHHl,18 ,llO MaOOHBHWC) 0 6enHm.m PY.llaMR HJIH CO CT8PßJll,HHMH nopO,llaMR. 
To.nmmra OT,ll8Jll,BHX ßOROOOK M8Ha8TCH, qTo naeT OCHOBBHße no T8KOTypHOMY IIPßSHaKy BN,U;e
MTL rpy6o- z TOHKOilORocqaTH8 py,10:l, Hapany C MaOOHBHlßffl H BKpanR8HHl,IMH (MeRKosepHHC
.me ,llO IIJITHHOTWC). 

YoTaHOB�eHa Mmi0PaRLHM SOHSJll,HOOTL B CTP00Hllli PYnHHX SOH, o6yo�OM0HHM xapaKT8POM
pacnpene�eHIDI CHJIHKaTHHX MZHepMOB, COIIyTCTByIOI.IUf8 MarH8THT. 

B HaH6oRee BffYTP8HHHX qacTJDC SOH qacTO BCTpeqaeTCH OJIHBHH. :ÖOJU,lllIDlCTBO ero sepeH KOp
po.rmpoBaHO H BKJI!OqeHO B KPYnHHe opTo:rmpOKC8HOBHe sepHa. Ha6JIIO,U8IOTCR TaroKe H rHes.na, 
CROX8HHH8 M8RKOSepHHCTHM OJIHBHHOM HJIH ero uenoqim OKO�O 6oRee KpynHHX MarH8THTOBWC se
peH. 2V~ 90°, B 6onnmHCTBe c�aeB OilTHqecltl'I OTpzuaTem.HHH. Hepe,llKO B 6oRee Kpyn
HHX OJIHBHHOBHX sepHax Ha6JIIO,ll811JTCR OKpyr�e KaDR8BßnHH8 MeJIRHe MarH8TßTOBH8 sepHa, c�a
raIOI.IUf8 rnesna HJIH HeqeTKO o6oco6ReHHH8 IlO�OCKH, 

B c�e,IlyIOmeH, 6o�ee BHemHeil qacTH SOHH, ,llOMZHHPyKlmHM MHHepMOM y-e,.e HBM8TCR opTOIDlpOK
ceH. 06uqHo Ilp8,llCTaMeH oqeHL KPYnHHMH KOPOTKO-IlpHSMaTHqecKHMZ KPHCTaJIJiaMß (,ll�HOID 
.no 2 - 5 cm), 2 Vx = 78°. Ilo COCTaey 6�)Ke BC8I'O K 6pOH8HT-rHnepcTeHy. B ceqeHHRX SOHH 
[IOO] o6Ra,llaeT xapaKTepHHM nRaCTHHqaTHM CTP08Hß8M. lliior.na B KPHCTaMax opTorrnpoKceHa 
Ha6JIIO,U810TCH BKJIIOqeerui: peJIHKTOBOro OJIHBHHa. KoJIHqecTBO MarH8THTa B aToil SOHe BOspacTaeT. 
ÜH KaK 6H npopacTaeT IDIJ)OKC8H, o6HapyJKHBM IlpH aTOM oqeHL TOHKyIO noRocqaTOCTL. Kpym1ue 
MarHeTHTOBHe sepHa H I'Hes.na, Hapß,Ily C aTHM, BCTpeqaIOTCH Ta.roKe. B STOil qacTH PY.JlHOH SOHL 
llOHBM8TCH H aKTHHOJIHT, KOJIHqecTBO KOToporo B CTOPOHY KOHTaKTa pacTeT, npHo6peTM pom. 
I'RaBHOI'O CHJIHKaTHOro MßHepMa. 3THM KoJIHqecTB8HHHM nepexo,noM o6oco6MeTCR H TpeTLR 
napareHesa. MarHeTHT B STOH qacTH 80HH cpopMHpyeT IlOROCH TOJllllHHOH ,llO I cm • BHe IlOROC 
MarH8THT TOHKOBKpaßJieHHHH. 

AKTHHOJIHT - TOHKOilpHSMaTHqecKHH, Hrom,qaTutt, 2Vx = 7I0 • XapaKTepHM opHeHrauHR o6yc
ROBRHBaeT CRBHUeBaTOCTL nopn�H, HO HyJKHO OTM8THTL H Hepe,nKoe OTCYTCTBHe xoporuo npOHB
ReHHOH OpHeHTauHH, B CBHSH C qeM nopona MaCCHBHOI'O c�o�eHHH. 

CaMM BH8IDHRR qacTD SOHH HHOI',lla T0MH088R8HOI'O UBeTa, CRa.HU8BaTM, c�o�eHa poroooil 06-

MBHKOH C MarHeTHTOM. 

MarHeTHT-KBapu-Kap6oHaTHHH T.lilß opyneHeHWI 

Xopomo IlpOCR8JmBa8TCR B BOCTOqHoH H ceBepHoil qacT.lil CBeTy�HHCKOro ym,Tpa6a8HTOBOI'O 
Te�a (�Hr. 3). Opy,lleHeHHe MO�eHO B JIHCTB8HHTax, o6pasoBaB!IlHXCR I'RaBHHM o6pa80M sa 
cqeT ym.Tpa6a8HTOB • .1IHCTB8HHTH nepeMeHHOI'O COCTaBa. fRaBHHMH noponoo6pasyio!UHMll MHHe
PMaMR S,ll8Cb �eResoconep�anme Kap6oHaTH H XaRU8,llOHOBH,llHHH KBapu. B M8HLlllHX KOJIHqecT
Bax, cnopa,llHl!HO YCTaHOM8HH XROPHTH, TpeMOJIHT H KMDUHT, CBeJKHe nopo,nu CB8TRo-6e�eBo

ro UBeTa, oqeHL ßJIOTHHe. Ha ßOBepXHOCTH OHH CßJll,HO BHBeTpeHHHe, RPKOI'O 6ypo-KpacHoro 
UB8Ta, C HOSJlP8BaTHM CTP08H.lil8M, HBJißIOlllßMCH pesym,TaTOM npoueccoB BHmeRaqßBaHHR. 

Opy,lleHeHHe B JIHCTB8HHTax qacTo TOHKOßOROCqaToe, Hepe,llKO CHJll,HO ,ll8q>OpMHpOBaHHOe. BcTpe
qaeTCR eme neTHHCTOe, I'H8S,ll0BßnH08 H BKPaMeHHOe opy,lleHeHHe Ta.roKe C Ilpß8HaKBMH T8KTO
HHqecimx B03,ll8HCTBHH (6peKqzpoBaHHH, U8M8HTaI:(Hß H ,llp.). 
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Py;nHaJI MHH8PBJm38IUUI O00HX THilOB py;n npe;ncTaBJieHa B 0CH0BHOM MarHeTHT0M, no;nBeprHyT0M 
Hepe;mto MapTHTH3auHH, B oqeHI, CHJil,H0 BHBeTpeHHHX JIHCTB8HHTax MarHeTHT0BOe opy;neHeHHe, 
TSIOKe KaR H conyTCTByIOIIIHe HX JK8JI830C0;neplltanu,:e Kap0oHaTH - JIHM0HHTH3HP0BaHH. 

MarHeTHT 0TJIHqaeTCH CJI0lKHHM nepeMeHHHM C0CTaBOM, AHaJIHTHqecKoe H3yq8HH8 II o6pa3U0B 
Il0Ra.3MO qro 0TH0CHTeJil,H0 qffCTW MarHeTHT T0Jil,K0 0;!IHH o6paseu (H3 JIHCTB8HHTOB) , 
OCT8Jil,HHe ;necHTI, co;nep�aT NiO 0T 0,88 ;no 3,47 %, ,Cr20

3 
OT 5,30 ;no I3,69 %, MgO 0T

2 ,09 ;no 4 ,47 % H AI2Ö3 ~ I-2 %. Co;nepxrume Coü cpaBHHT8Jil,H0 BHC0K0e - 0 ,05 ;no 0 ,06 %,

T8JO!te RaK H MnO ( 0, 3 ll0 O, 4 % ) • ITpHcycTByeT B K0JIHtI8CTBax C0THX ;noJifilC npoueHTa Tarur:e 
UHHK, a CBHH8U ycTaH0BJI8H T0Jil,K0 B HeCK0Jil,IG'IX oopasuax, 

HccJie;noBaHHH npH Il0M0IIIH MHKP0aHaJIH3aTopa noRasamr, qro xpoM H HHR8Jll, B MarHeTHTax 
pacnpe;neJieHH paBH0MepHo. IToRa He Jl0KaSaHH ;npyrHe PYJlHHe �asH-H0CHTeJIH xpoMa H HHKe.TIH, 
ecJIH He CqßTaTI, oqem, pe;nKHe, MHKP0CK0nH'l!ecKHe BKJIIO'q8HJ,rn pg;na cy Jll,qJH;IIHHX MHHepaJI0B 
(rHSJieBy;nHTa, neHTJiaH,llHTa, nHp0THHa H ,np. ) . BMeCT0 c TeM Heo6xo;nHM0 0TMeTHTI>, qro 
OJIHBHH co;nep,mr mrnem, ~ I ,80 %, a opT0fiHP0KCeH rv 0 ,80 % (no ,naHHHM H3yl!emrn o;nHoro 
oopasua C peHTreHOBCKHM MHKPOaHaRH3aTopoM). 

Ha ipHr. 7, npe;ncTaBJifIIOmaJI ;nBa TpeyroRbHHKa Ü3aHHa, C0BMemeHHHe no JIHHHRM Cr20
3 

- Fe20J
H MgO - FeO HJIIOCTP0BaH C0CTaB 6-TH K0MII0HeHTH0ro MarH8THTa (c ,ItByMH roqKru.m ,ItM KaJK
;noro oopasua) . Bce o6pasu;H He BHX0JlHT sa npe;neJIH noM MarHeTHTa. TpH H3 HHX, ooosHa
qeHHHe KPYJKK8MH - rrepecqHTaHHble C0CTaBH 0CTaTKa "mrnrne.mma" Il0CJI8' HCRJ1IOli8HliiH 00JI1,W8ro 
H30HTKa Fe20

3 - OHH He 0TpruttaIOT HOpMMbHHH C0CTaB, Ta.K KaK H3yl!8HHHe o6pa3IJ;H oqeH�
CHJil,H0 0KHCJI8Hli. Ha qiHr. 8 HS06paJKeHa JnnrnH, xapaRT8pH3yIOmaJI HaM00Jiee 6Jiaronp:1UlTH0e 
M8TaJL.JiyJlrHqecKoe C00TH0W8HHe ( Beconoe) Cr20 

J 
t NiO = 4. B 00Jil,mHHCTBe c.rryqaeB aHa

JIH3HP0BaHHHe o6pa3IJ;H HM8IDT 0Jm3K08 0TH0W8HHe. 

Y;nem,HHß Beo xpoM- H HRK8Jil,C0Jl8plltaJIUiX MarHeTHT0B 4,70 - 5,IO, MHKP0TBep;nocTI, 650-700 
kg/cm2 , R ~ 20 %, n ~ 2,50, ao = 8,37 - 8,38 i, IlJI0TH0CTI, - 3,5 - 4,20. MarHk'!THM
BOCnpHeMtIHB0CTI, ( ;ie ) oqeHI, BHC0Ra.H - ;no I62 520 • 10-6 CGSM H pesK0 YM8HI>maeTCSl ;no 
48 640 • Io-6 CGSM B 0KHCJieHHHX py;nax. ToqKa füopH (�M 0)lH0ro HCCJie;noBaHHoro o6pa3-
ua) IIpH HarpeBa.HHH 497°c, IIpH OXJlaJKJieHHH 507°c. 

Py.zw Ap,ItHHCRoro pattoHa Hy,K,lla!OTCSI B ,It8TaJIH3Hp0BaHHHX 'A0ll0JIHHT8Jil,HIDC HCCJie)lOBaHHHX, 
Ilpe,1tCT8J3JIH8TCff oqeHI, Heo6X0;nHMHM HCCJl8;!IOBaHM py;n, He3aTp0HYTHX BJIHHHH8M npoueccoB 
Il0BepXH0CTH0ro BHB8TPHB8HHSI, 'llT0 6y�eT B03M0JRH0 JIHW II0CJle npoBe,IteHHH B paßoae ropHIDC 
BHPa6oTOR. 

JJ.,m Il0HHMaHHH o6mei reoJiorzqecKoä O0CTaH0BKH Heo6X0,ItHM0 HM8Th BBH,Izy eme o;nsy cneUH�HRY 
Ap,IUIHCKoro paäoHa - paseoo6pa3He reHeTHqecKHX THil0B py;nonpoHBJieHHM, B oco6eHH0CTH -
llt8Jl830py,rurnx. ToHKOIIOJIOC'llaTaJI MarHeTHT0BM MHHepa;msawrn B MpaMopax, YCTa.HOBJieHHa.H B 
H8CR0Jil,KHX nyHKTax Ap;nHHCKoro pa.äoHa npe;ncTaBMeT, BepoHTH0, M8T8MOpqJ03HIJ0BaHHHe 
llteJieSHCT0-Rap6oHaTHH8: nepBHtIH0 0Ca)lOtIHHe o6pa30BaHHH. ITpe,nIIOJiaraeTCH, 'IIT0 nHpp0TH
H0BaJI MHHepaJIHSaIUiH c H860RbmHM yqacTHeM rreHTJiaH;!IHTa B 8MWH60JIHTax ceBepHee c. CBe
TyJIKa, rrpe;ncTaBMeT CO00ID MeTaM0pqJ03Hl)0BaHH0e py;nHoe ra66po. B nepBOM MHHepaJm:38.IUi0H
H0M CTa)lHH IIp0MHmJleHHHX II0JIHM8T8Jll1qecKHX MeTa3aJie�e� 0TJiaraJIHCI, MarHeTHT H rmppOTHHI) 

1>rro�o6HHe MHH8pBJm3auHH He xapaKTepHHe JIM ;npyr:wc Il0JIHM8TaJI.lmq8CKHX M8CTOpOllt,It8Hl'rn
UeHTJ)8Jil,HHX Po;non. 
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Hepe,IUW B JOJKHOß qacTH Ap,mracRoro paiioHa MarHeTHTOBHe rpaHaT-IIßPOR08HO.Bl,le CRapm,r 
HHWHJII,TPSUHOHHoro THila. H HaKoHeU - OIIßCHBaeMbltt THil MarHeTHTOBOro opy,neHeHWI B yJII,
TpaOa3HTax. BrroJIHe ROrHtrnO npH no,noOHOM pa3HOOOpa3HH THilOB opy,neHeHHR .n;onyCTHTD 
MeJK,Icy HHMH CBH3D, pereHepaqHOHHHe npoueccH, OHac�e,nOBaHHOCTb. 

MeT8MOpqx:>3HPOBa.HHHe OCaJtoqHHe H cyJil>g)K.ItHHe MarMaTHqecKHe py,nonpoRBReHHe, BepoRTHO, 
RBJIHlOTCR HaHOO�ee ,npeBHHMH �eResopy,nHHMH oopa30BaHW!MH. 

Ha OCHOBaHHH H3yqeHHR T0KCTyPHO-CTPYKTYPH.btX ocoOeHHOCTett, aBTOPH cqHTaIOT, qTo H HSY
qeHHHe xpoM- H HHK0Jil>CO,nepmaIUHe MarHeTHTOBHe opy,neHeHHR Ta.Kllte no.n;Bepra.JIHCD ,I{HH8MO
TepMaJII,HOMY MeT8MOPWH3MY- CBH3aHHHe C aTHMH npoueccaMH npeoopa30BaHHR MHHepaJil>Horo 
COCTaBa H BHyTpeHHero CTpOeHHR py,n oqeHD saTpy.n;HffiOT pa3WH�POBKY HX nepBHqHoH npHpo�. 
ÜHH MOr.Jm OH OHTD H3MeHeHHHl\ffl rrepBHqHo MarMaTHqec:KHMH X,pOMHTOBHMH py,naMH. HeoO'biiCHH
MHM OCTa0TCR B TaKOM c;ryqae BHCOKOe co.n;ep�aHHe HHKeM. Mor.Jm OH rrpe,ncTaBMTb COOOID 
H H3M0HeHHHe ,npeBHHe KOPH BHBeTpHB8HHR. Tor.na B08Hm<a!OT eme 6om,me BOIIPOCOB OTHOCH
TeJII,HO COCTaBa py,n. ABTOPaMH OHRa BHCKa3aHa H,neR o MeTacoMaTffq8CKOM cnoco6e o6paso
BaHWI (ZHELYASKOVA-PANAYOTOVA et.al., 1980 ). IlpH aTOM .nonycKMOCb MOOH.Jm38.UHR HHKeM 
H xpoMa ropRtmMH aKTHBHHMH �eRe30HOCH.btMH pacTBOPaMH BO BpeMR IIPOXOJK,Il8HHR HX CKB08b 
ym,Tpa6a3HTH c OTROmeHHeM B xo.ne ,nBHJKeHHR B HaHOORee ORarorrpHRTHOH OOCTaHOBKe. Ilpe.n;
no�arMOCb, qTo TaKOH RBMRHCb KOHTaKTH ,nByx KOHTpacTHHX THIIOB rropo.n - yJII,Tpa6a3HTH 
H H8B8CTHffim. 

3a rrpowe,IOllßH nepHO,I{ BpeMeHH OH.Jm no;ryqeHH HOBHe ,I{aHHHe, rRaBHHM o6pa30M, OTHOCHTeJil>HO 
XHMHqecKoro H MHHepaJil>HOro COCTaBa H CTPYKTYPH py,n. l/J.s-sa OTCYTCTBHR ropHHX BHpaOOTOK 
aTa HHqJOqlMSUHR He,nocTaToqHa, qTOOH C'IIHTaTb Bonpoc O reHeSHCe py,n pemeHHHM, Ha ,I{aHHOM 
aTane HCCRe,I{OBaHHR 6eccnopHHM rrpe,ncTaBJilIBJTCR TOJil>KO ,I{Ba MOM0HTa: I - BMemaIOIIIHMH opy
,neHeHHR nopo.n;H RBMDTCR ym,Tpa6a3HTH H oopa30BaBWH0CR sa HX cqeT JmCTBeHHTH H 2 -
py� o6pa30BMHCl> .n;o MeT8MOPWH3Ma BMemaIOIIIHX HX nopo,n. 
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CpaBHeHHe 6aS8Jll>TOro Roza upomJIHX H COBpeMeHHHX OK88HOB 
1 

JI. TI. 30HEHIIIAnH 

P e a 11J M e 

IlpOBO,llHTCR cpaBHeHHe MOP<POROrHH CR8,llyi)IQHX cpe,nHHHO-OK8aHHqecKHX xpe6TOB O ßPI:IM8H8HH8M 
norpyiw.eMWC annapaToB: 

- KpaCHOMOPOKHä PHifYr ( npoeKT "Thrnap")
- Cpe,nHHHO-ATRMTH1I8CKHÜ xpe6T (npoeKT "<liaMoyo")
- BocToqHo-TuxooKeaHCKOe IlO)lH.ffTHe (npoeKT "CHaMeKo").

IlpH ßPHHtO!IlH8Jil>HO O,nHH8KOBOM IlO)lp83)l8ReHHH ßOR83HBaIOTOR BSJKHHe paSHHIUil no peJII,e('py 

H onpe)leReHHHe paSHHUI,I npH pacnpe)leReHHH H BemecTBeHHott xapaKT8PßOTHK8 (oTpOeHHe, 
OO)lepEaHße Ti02) ßO)lBO)lHHX RaB B 8aBHOHMOCTH OT OKOPOCTH onpe)lHHra.

HoXO)lR ß3 3THX pesyJII,T8TOB ß HCCR8)l0BaHHH BYJII,KaHH1I8CKOro ROM11JI8KC8 Y peRH lliy.n;naKa 

(xpe6T) Myro)lEapu peKOHCTPYHPY8TCff pHqyrOBM 30Ha naReOOKeaHa C BHCOKOÜ CKOPOCTbID 
cnpe)lHHra Ha iO!tHOM YpMe. 

Comparison of the basaltic layer of recent and palaeooceans 

S u m m a r y 
The morphology of the following mid-oceanic rifts (investigated by means of submarines)

is compared: 

- Red Sea rift (project PICCARD)
- Mid Atlantic rift (project FAMOUS)

- East Pacific ridge (project SIAMEX).

These have on principle identical subdivision but essential differenoes in the relief 
and certain differenoes in the distribution and substantial characterization (structure, 

Ti02 contents)of submarine lavas in dependence on the spreading rate.

Basing on these results and the investigation ot the volcanic complex at the river 
Suldak (Mugodzar crest) the rift zone of a palaeoocean with high spreading velooity in 
the South Ural is reconstruoted. 

Vergleich der Basaltschicht von r�zenten und Paläoozeanen 

Z u s a m m e n f a s s u n g 

Die Morphologie folgender, mittels Tauchbooten untersuchter mittelozeanischer Rifte 

wird verglichen: 
- Rotmeer-Ritt (Projekt PICCARD)

- Mittelatlantik-Ritt (Projekt FAMOUS)
- Ostpazifik-Rücken (Projekt SIAMEX).

Bei prinzipiell gleichartiger Untergliederung bestehen wesentliche Unterschiede im 
Relief sowie gewisse Unterschiede in der Verteilung und substantiellen Charakteristik 
(Gefüge, Ti02-Gehalte) der submarinen Laven in Abhängigkeit von der spreading-Rate.

Aufbauend auf diesen Ergebnissen und der Untersuchung des Vulkanitkomplexes am Fluß 
Buldak (Mugodzar-Rücken) wird die Riftzone eines Paläoozeans mit hoher spreading-Rate 
im Südural rekonstruiert. 
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noKasaHO, 'lTO oWHOJIJiITOBHe KOMßJI8KCH c�aTHX IlO.flCOB KOHTIIIH8HTOB npe,n:cTaBJUDJT oo6oä 
OOT8TRH npomJJOtt OK88HH'l8CKOA KOpH. Ho ,n:o CIIIX nop BHCK83HB8.IOTC.fl OOMH8Hlll.fl B ßPaBHJil,
HOOTIII IlOJIHOÜ aHMOrHH M8l!QlY nopo,n:aMH oq)IIIOJIHTOBOÜ 8CCOUHB.IlHIII III CJIORMH COBP8M8HHOH 
OK88Hßq80KOÖ KOpH. CymecTByIOlllH8 MaTeplllaRH noKaSHBaIOT, 'IITO ,n:peBHee OK88Hl/l'll8CK08 JIOEe 
(fx>pMHpOBaJIOCI, T8M llte nyTeM cnpe,n:111Hra H 'lTO OHO ßPIIIHlll!ImßJIJ,HO He OTJIH'IIMOCI, OT JIO,ita 
OOBp8M8HHHX OK8aHOB. 3To xopomo B�HO IIPIII cpaBH8HHIII CIIIJIYPIIIÖOJ.U'IX 6838JIJ,TOB DEHoro 
YpaRB C 00BP8M8HHHMIII 6838JIJ,T8MIII OK88HOB, 

MSRHRHIIIR 6a38Jil,TOB, H8PamHB8.IOlllH8 OK88HH'l8CKYJO Kopy, npOIIICXO�T B.oceBHX SOHax cpe,n:111H
HO-OK88Hlll'l8CKIIIX xpe6TOB, IIIJIIII B OC8BHX SOHax cnpe,n:111Hra. 3a noc�emme ro)Il,l CTJ)08Hlll8 30H 
cnpe�Hra 6HJIO Il0�06HO 1113yqeHo C Ilp111M8H8H1118M norpy,itaeMHX annapaTOB no ßP08KTY 
"<I>aMoyc" B Cpe,n:mrno-ATJiaHTH'llecKoM xpe6re, no npoeKTY "CHaMeKc" B BocTo'IIHo-TuxooKeaH
cKOM IlO,I(H.flTHH III no npoeKTY "Thmap" OOB8TCKOtt 3KCil8,IlHUHett B KpacHOM Mope. 3TH pa.ßoHH 
CIIIJil,HO OTJIH'laIOTC.fl no CB08MY CTPYKTYPHOMY IlOJIOllt8HIIIID III no CKOPOCTIII onpe�ara: I,5 CM/ro,n: 
B KpacHOM Mope, 2,5 oM/ro,n: B ATJI8HTIIIK8 III 6 OM/ro,n: B TIIIXOM OKeaHe. B OBR3111 C 3TIIIM pas
HHTC.fl HX MOp{fx>JIOrIDI, ßPIII MaJIHX CKOPOCT.flX onpe,n:111Hra cymecTByeT xopomo pa3BIIITafl OC8Ba.fl 
plll<pTOBa.fl ,I(OJIIIIHa, Tor,n:a KaK ßPH BHOORHX OKOPOOT.flX OHa OTCYTOTByeT III ,IlaJ!te 3aMemaeTC.fl 
oceBHM IlO,IIH.flTlll8M, BMeoTe C T8M Bbl.flCHHJIOOI,, 'lTO H8CMOTP.fl Ha 3TIII Mop{fx>JIOrH'l8CKlll8 pa3-
Jilll'llll.fl 30HH onpe,n:111ara BO Bcex ORy'l8.flX IIIM8IDT ßPIIIH[UißlllßJIJ,HO 0,I(HO III TO xe OTpoeH111e. ÜHIII 
OOCTO.flT 1113 H80KOJIJ,KIIIX ,I(OilOJIHIIIT8Jil,HHX 30H, pacnoJIOE8HHHX OHMMeTplll'lHO OTHOCHT8RDHO 00111 
cnpe,n::irnra ( PIiie • I) • BuneMIDTC.fl: 

I) OC8Ba.fl 3KCTPY3111BHa.fl 30Ha IDIIIPIIIHOI He 6oJiee I KM; B Hett npo111cxo,n:111T 1113Rlll.f1Hllle 6a3a.JII,
TOB; OHa CJIOllteHa MOJIO,llliMIII BYRK8Hlll'l8CKHMIII nocrpoäKaMH - BYRK8Hlll'l8CKHl\ffl ropaMH BHCOTOH
200 - 300 M H WlllplllHOtt 0,5 -I KM;

2) soHa paormKeH111.11 lDlllp111Hott 2 - 2,5 KM; B ee npe,n:eJiax 6asam,ToBoe Jiollte pas6111To MHoro
'llllCJieHHHl\ffl 3111.flfilmHl\ffl TP8lIIIIIH8MH - rI,.flPaMH, YK83HB8.IOmHMIII Ha npeo6Jia,II8!01ItH8 YCJIOBlll.li pas
,I(BHra; B COBOKYilHOCTIII 3KOTPY3111BHa.fl 30Ha III ,I(Be o6paMMfilmH8 ee 30HH pacTSIJK8HIIIJi o6paSyIOT
oceBOä p111qi'r, IIIJIIII BHYTP8HHee JIOEe, c o6mett WHPHHOH 4 - 5 KM;

3) 30Ha c6pocoo6pa30BaHIIIJi, COCTOffiUa.fl 1113 JI8CTHIIIUH c6poooBHX CTyneHeH, IDIIIPOKHMIII MapmaMl'!
OßYCKaIOmHXCH K 00111 plll<pTa; BHOOTa c6pocoBHX ycrynoB COCTaBJIHeT B ope,n:HeM 200 - 300,

,I(OOTlllra.fl 500 - 700 M, lDHPIIIHa CTyneHett B8pI,HpyeT OT I .n:o 5 KM, ope,n:Hllle SHa'leHIIIJi paB
HH 2,5 - 3 KM; H81116oJiee .xapaKTepHH HOpMaJIJ,HHe o6pocu, no KOTOPHM 6JIOKIII KOPH CMemeHH
BO BHyTpI, p111q,ra; npe,n:noJiaraeTCJi, 'lTO MHor111e o6pocH ßBMIDTC.fl JIIIICTPlll'l8CKHMIII; llIIIIPIIIHa·
30HH, r,n:e �eT aKTIIIBHOe 06pocoo6pa30B8Hllle, OU8HIIIB88TC.li BIO -I5 KM;

4) T8KTOHlll1teCKIII H8aKTHBijruI 30Ha·, r,n:e OTCYTCTByIOT CJI8,I(H MOJIO,I(HX T8RTOHlll'l8CKHX nepe
Memea111tt.

TaKHM o6pa30M, o6mrur m111p:irna aKTHBHblX 3:>H paBHa B cpe,IIHeM 25 KM, Pa3Jilll'llll.fl M8JK,1Iy HIIISKO
CROPOCTHHl\ffl III BHCOKOCKOPOCTHblMIIIOilpe�aHrOBHMIII xpe6T8JlHCOCTO.flT B TOM, 'lTO B nepBWC 
1113 HIIIX BHyTpeHHee Jio•e onymeHO OTHOCIIIT8JI1,HO KpaeBHX c6pocoBHX cryneaett, a BO BTOPHX -
ßPlllßO,IIH.flTO OTHOOIIIT8Jil,HO HIIIX. 

ByRK8Hlll'leOKH8 1113JIIDIHlll.li CKOHU8HTpßPOBaHH B He06H'laßHO Y3KOH 008BOH 3KCTPYSIIIBHOtt 30He. 
HeoMOTP.fl Ha orpOMHYIO ßPOTJDt8HHOCTI, ooeit cnpe,n:111Hra, IIISMepneMYI> MHOrllll\ffl THC.li'laMIII lfflJIO
MeTpoB, BO.fl T8KTOHH'l8CKruI aKTIIIBHOCTI, OXBaTHBaeT ßOJIOCY Bcero 25 KM, a BYJIRBHIIISM III Toro 
MeHI,We - Bcero I KM, 8TO OJIYXIIIT �OßOJIHIIIT8Jil,HHM BaJ!tHHM CBH'A8T8JII,CTBOM cymecTBOBaHIIIJi 
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PHC. I PaapesN OKeaHHqecKHX pHqJTOBNX 
80H C paaHo« CKOPOCTD� cnpe'AHHra 

0 

1 - KPACHOMOPCK�� P�IT, ,s
0c.rn., 

rtP5E�fft��AP 
2 - CPEA�HHO-ATRAHT"qECK�� PMIT

37° c.rn.1 2�5 CM/ro'A 
IIPOEKT l!IAMuYC 

3 - BOCTOqHO-TIAXOOKEAHCKOE IIOAHH
TME� 21 ° c.m.� 6 cM/ro'A 
IIPO!!iKT CMMEKv 

4 - BOCTOqHO-TIAXOOKEAHCKOE IIO�HH
T�E, 3,5° ffi,rn., 15 CM/rOA 

I - 8KCTPY3HBHaH 30Ha BHyTpeHHoro
pH(J)Ta 

II - 80HN paCTH�eHHH BHYTP0HHOro
pH(J)Ta 

III - 3oHN c6pocoo6paaoBaHHH 

o.s 1 KM 

V V V V V 
V V V V V 

V V V V V 
V V V V V 

V V V V 
V V 

V V 

PHc. 2 Paapea ocH KpacHOMopcKoro pH(J)Ta B pa«oHe 18° c.rn. 
ranoqKH - 6aaanbTN c BoapacToM 'AP0BHee IIOOO neT,
Kpy�oqKß - 6aaanbTN C B03p8CTOM OKORO 10000 neT, 
H3BHRHCTNe RHHHH - 6aaanDTN C BOSpacTOM MeHee 
1000 neT, TOqKß - OCa'AKH. BHAHO, qTo CSMN« MORO'AO«
BYRKaH B08HHK Ha BOCTOqHOM CKROHe 6onee 'AP0BHero. 

PHc. 4 �parueHT paapeaa no peKe 
lliyn'AaK B Myro'A�apax 7Ypan/.
IloKaaaHa peKOHCTPYK�HH Byn
KaHHqecKHX nocTpoeK Ha 'AH0 
YpanDcKoro naneooKeaHa cHny
pH«cKoro BOSpacTa. ToqKH -
ITO'AJmeqHNe naBN. CTpenKH 
OTMeqaffiT HanpaBneHHe TeqeHHH
ITOTOKOB naBOBNX Tpy6. 3y6qa
TNe RHHHß - KpaH BYRK8HHqec
KHX TIOCTpoeK, nnHHHNe TOHKHe
RHHHH - napannenDHNe 'A8�KH. 
KopoTKHe ABO«HN8 RHHHH -
OKeaHßqecKHe OCS·'AKH. 3amTpH
XOB8HN - AOnepHTOBNe CHRRN. 
Ha BpeaKe noKaaaHo nonoaeHHe
pa«oHa. 

',CY\_.LCJ 

5 KM ._......__.___.___.___,, 
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rprumu Me)RJ.{y �eCTKHMH JmTOCipePHHMH ILJIHT8MH. IlpH neTaJil,FWX nonBO,IIHHX HCCRenoBa.HHJIX 
BIDICHHROCb, qTo nonBO,IIHHe H3Bep�eimn He CRenyKJT CTOJI:b yz C'l'J)Oro no OCH npemmx BYR
RrumqeclG'IX nocTpoeK. ÜHH MHrpffPyR)T Ha MOIIla,IlH BHYTPeHHero RO�a. HO doRDmeil: qacTbIO 
He BHXOnRT aa npeneJIH CRJIOHOB 6oRee npeBHHX BYJIRBHH'!leCRBX ßOCTPOeK. EoRee MORonee 
ByJIKrunrqecime ßOCTPOHKPI qacTo qJOPMHPyR)TCff Ha CRJIOHax 60Ree npeBHHX (Pßc. 2). Mß:rpa
UliR ueHTPOB BYJIK8.Hß3Ma OTpazaeT MeJIKOMacmTadHHe nepecKOKH OCH cnpenHHra B paMRax 

BffYTpeHHero �o�a. 

B 3aBHCHMOCTß OT CKOPOCTH cnpenIDira 06HapYJKHBalOTCR HeKOTOpHe OTJmtrn:R B 6a3aRDTax • 
.llJm HH3KOCKOPOCTFWX oceil cnpe,IIHHra, B ATRB.HTHKe H KpacHOM Mope, HaMdo�ee npHMe'!la� 
TeJibHH Tpy6oo6pa3HHe ßOTOKH DO,I(YlileqHl,IX JiaB, COCTaBJiffi0111He KOHHqecKHe ByJIKaimqecKPie 
IlOCTPOHKH, Ea3aRDTH, ß3JmBaRCb Ha MOPCKOe nao, BCTYßaIOT B KOHTaKT C XOJIO,IIHOil Bonott ß 
ßOBepXHOCTHaff qacTb IlOTOKa 6HCTPO OUBJK,UeTCR, IlOKPHBaRCb cTeRJIOBaTOH KOPKOil: 3aKaRKH, 
non 8TOil KOPKOH nponoJDKaeT Teqb pacKMeHHaR Ra.Ba, KOTOpaR MO�eT B Jll060M MecTe npop
BaTb KOPKY H naTb HaqMo HOBOH RaBOBOH Tpyde. �OPMH JiaBOBHX rronymeK (rpyd) BeCbMa 
pa3H006pa3HH H 3aBHCRT dOJrbWeH qacTbIO OT KPYTM3HH CRJIOHa (PHC, 3,Tafel II H Tafel III)

Ha rro�orHX yqacTKax pacnpocTpa.HeHH yrrJIOIIleHHHe H RyKOBHueo6pa3HHe IlO,I(YlIIKH (PHc. 3B,r), 
nM KPYTHX CRJIOHOB CBOHCTBeHHH IlO,I(YlIIKH THlla CJIOHOBbHX xodOTOB HJIB opra.HHHX (PHc. 
3 n, e) Tpy6. Ha Bepllll'IHax ByJIKaHHqecKHX rop Ha�nw�a�TCH H30JmPOBa.HHHe BYJIKBHH1IecKHe 
arrrrapaTH, HailOMHHaIOIIIHe CTora ceHa, TOJrbKO BMeCTO CROeB TPaBH OHH CJIO�eHH neperrJieTaro
IIIHMHCR �OBHMliI TpydaMH. MecTaMH OTMeqeHH HedOJrbWHe napa3HTHqecKHe �epJia - yr�6JieHIDI 
HenpaBHJrbHOH qJOpMH B HeCKORbKO MeTpOB nHaMeTpOM (PHC. 3 a). BoKpyr BYJIKa.HHqecKHX arr
napaTOB Bcer.na MHoro nycToTeJIHx nonyweK (PHc. 3 6): Ha non cTeKJIOBaToi.t KOPKH nocJien
HHe rroprzyrH JiaBH BHTeKJm, OCTaBHB sa co6oil nycToe npocTpaHCTBO, KOTopoe sarro�ReTCR 
oca,nKaMH H o6JioMKru.m ByJIKaaHqecKoro cTeRJia. KpoBM nycToTeRHx nonymeK qacTo o6pymaer
cn li rroaToMy BYJIKa.H�ecKHe �epJia Bcer,na oKpyJKeHH o6JIOMKaMH 6HToro BYJIKBHH'!lecKoro cTeK
Jia, T.e. rHaJIOKJiaCTHTOB. C BHCOKOCKOpOCTHHX OCHX crrpe�HHra, B THXOM OReaHe, Hapsmy 
C rronymeqHHMH RaBaMH, TaKHMliI �e. KaK B ATJia.HTHKe ß B KpacHOM Mope, WHPOKO pacnpocTpa
HeHH IJJiaCTßHqarHe IlOKPOBH JiaB, qacTO COCTaBMIOIIU'Ie ocTaTilli JiaBOBHX osep. Ilo�ymeqHHe 
JiaBH cRaraIOT BYJIKaHßqecKHe ropH, a IlOHH�eHHff Me�.,ny HßMliI sarro�eRH �aBOBHMß llOKPOBa
Mß. KpailHe BrreqaTJISIJOIUHMß RBMIOTCR KO�OHHH H3 RaB BHCOTOH �o I5 M; OHß B03HHKJIB ßPH 
npopeBe cKBoa1, ToJimy JI8B "nysepeil" rreperpeToi1 oo,nu, oKasaBmecn norpe6eHHOH no,ll JiaBaMH 
ßPH 61:lCTPOM HX li3Jm.f!HHH. 

HH3KOCKOpüCTHHe 6a3aJIDTH OTJm'qaIOTCR o6HJmeM BI{pamreHHl.fäOB IJJiar!IIOKJiasa li (peJKe) IlHPOR
ceHa, Tor,na KaR BHCOKOCKOPOCTFWe 6a3aJI:bTll RBJIHIOTCR B OCHOBHOM aq>IIIpOBHMliI, B nepBOM 
CJiyqae MarMa OTCTaMBMaCb B oqare, r,lle ycneJia ßPOHTß KpHCTMJm3ar(HOHHaR ,I(Hqxl)epeHUHa
UMR, Torna KaK IIPH 6oJrbmott CKOPOCTH cnpe,IIHHra JiaBH III3BepraroTCR Ta� 6HCTPO, qTo HHKa
KOtt ,llHcp:pepeHUMa,nHH He ßPOHCXO,IIHT. YcTBHOBJieHo, qTo daSaJII,Tl:1 T�e HeCKOJibRO pa3HflTCR 
no XßMHqecKOMY COCTaBy: qeM 6oJrbme �ICOPOCTb cnpe,nHHra, TeM 60JibllI6 conepJKa.HliR Ti02
B nopo,nax C OnHHM H TeM xe xeJieao-MarHIII8BHM OTHomeHHeM. TaR, npli �eJieso-MarHH8BOM 
OTHomeHJ.m, paBHHM I - I, 2, conep>KaHHH .1U3YOKHCJ11 THTm1a B 6asaJibTax KpacHoro MOIJR 
paBHO B cpe,llHeM 0,8 %, B ATJI8.HTHKe - I,I %, B TIIIXOM OKea.He ßPH CKOPOCTH 6 cM/ro,ll -
I,3 % H IIPH CKOPOCTH I2 CM/ron - I,5 %. 
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Ha llltHOM OROH118HHH Yp8Jla, B xpe6Te Myro.uapH coxp8HHJICR Y.llHBHT8JIDHO CJißXSO HSM8H8HH!:rli 
H UO'IITH H8,Il8g>OPMHPOB8HHmi yqaCTOR CHJIYPdCROro OK88HH118CKOro JIOJKa. Ilopo,llH O�HOJIHTO
BOÖ accOUBaiij,Ul CJiar8lOT S,Il8CF, UJIOCRYJ) OßHRJIHHaJID OKOJIO 30 KM B nonepe'IIHHKe. MyJID,Ita 
CHHRJIHHaml 38HRTa ,IteBOHCKHMH OCTPOBO.JlYXHHMH ROMUJI8KCBMH, a Ha ltpbIJIDßX o6H8'1t810TCR OT-
1,tteJII>HHe rol)HSOHTij.-O!lJHOJIHTOBOit acco:umunrn. Ha'IIHHßfl' CBepxy. C TOHRoro ( nepBHe COTHH 
M8Tl)OB) qeXJia OK88HH118CKßX 008,llKOB, saTeM no.nyme11Hble JiaBbl, rrapaJIJieJID,Hble ,Itaihw H KOH-
118fl HSOTPOIIHliMH ImpOKC8HOBbIMH ra66po. Oco6eHHo xoponmtt paspes BCKPHT B 6eperOBbIX 
06p1rnax p. lllyJJ;IlaK' r.Ite Ha IrpOTJDK8HHH 15 KM MOJICHO Ha6JI10,ItaTF. CTpoeHHe npomJiott OR88HH-
11ecxoA KOPH (PHc. 4). B paspese noM no.nyme11HHX JiaB 11epe.ItYIOTCR c noJIR:MR napaJIJieJID
HHX ,ItaeK. llinpHHa IIOJIOC, CJIOE8HHbIX COOTB8TCTB8HHO JiaBaMH HJIH ,ItruiKBMH, paBHa 2 - 3 KM, 
MecTaMH Ha JiaBax coxpBHHJIHCF, K8PM8Hbl, BbIIIOJIH8HHble KP8MHHCTbIMH OCa,ItKaMH, BKJ00118lOJ.UHMI,I 
IlpOCJIOH TOHKOsepHHCTHX TyP6H,ItHTOB. 

BßyTPH noJieä ,ItaeK Ha6JIIO,It8lOTCR CHJIDHO c6JIHEeHHHe BepTHKa.JI!,Hble IlJI8CT006pa3Hble TeJia 
,IlOJiepHTOB cpe,ItHeä MOIIIHOCTF,IO OKORO O,ItHoro MeTPa, .UaäKH BH8,Itp8HH o,ItHa B ,ItpyryIO. fuc 
o6HaJK8HWI HM8DT rrceB,I(OCJIOHCTbIH 06JIHK HS-sa MHOroKpaTHOro BHe,ItpeHHR ,ItaeK. Bcer,Ita xo� 
pomo paSJIH'IIHMI,l aq,aHHTOBble 88K8JI8HHHe KOHT8KTbl, 'IITO roBOpHT O BHe,ItpeHHH KaJK,IlOH HOBOfi 
,ItaäKH yxe B OXJiaJK,Il8HHble 6oJiee PaHHHe ,ItaäKOBHe TeJia. 

IlpH nepexo,Ite OT JiaBOBOro IIOM K ,ItruiKOBOMY poIO cpe,llH IIO,Ityme'IIHHX JiaB IlOHBJlfllOTCH BHa11a
Jie O,IlHHO'IIHble ,ItaäKH, IlOTOM OHH rpynnHpyIOTCR KyCTaMH no 5 - IO ,ItaeK H saTeM H811HHaeTCH 
CnJIOmHoe noJie ,ItaeK C OT,Il8JIDHHMH Sltp8HaMH (CKPHHBMH) BM8lllaIOUUiX JlaB. Bo MHOrHX MecTax 
BH,IIHO, 'IITO IlO,ItymKH paCKOJIOTbl BepTHKa.JII,HO H CM8lltHHe qacTH no,nymeK, HaxO,It�eCH ceßqac 
IIO pasJrae CTOPOHH OT ,ItaäKH, MHCJI8HHO MOlKHO 008,IlHHHTF, BM8CTe. HCHO, 'IITO BHe,ItpeHIDO 
,ItaeK rrpe,mnecTBOB8JIO o6pasOB8HHe 3IDIK)UUiX TP811UiH - rF.HIJOB. B HeKOTOpbIX o6HaJK8HHßX 
y,ItaeTCR HaOJIIO,ItaTF, TaKHe HCKonaeMHe rF.HIJbl, sanoJIHeHHHe o6JIOMKaMH J18B H Kp8MHHCTHX 
rropo,It. 

B 06H8'K8HHS'IX ßO peKe lllyJijlaK III)81q)8CHC> BH,IlHO, liTO ß0,Ity111811Hb18 J18Bli, KaK Ha COBpeMeHHOM 
OKeaHHlieCROM JIOXe, npe,ItcTaBJIHIOT co6oß He 'IITO HHOe, K8K HaCJl08HHe JiaBOBHX Tpy6, BeT
BffillBXCH BHHS IIO T8118Hlrfi0 JlaB (pHC. 5, Tafel 3). fuc qx:>pMa H,Il8HTHqHa qx:>pMe OK88HH11eCKHX 
JlaB. KpoMe IIO,llyll1811HHX JlaB cpaBHHT8JIDHO nmpOKO paSBHTli UJI8CTHHliaTHe IIOKPOBR, H8KOTOpble 
H3 KOTOPblX npocJiexeHH Ha paccTOJIHJiie 0,5 - 0,75 KM • .llOBOJIDHO MHOrOliHCJl8HHH CHJIJIOBHe 
saJielltß; OHH 11acTO SaJieraIOT BHyTPH 008,llKOB, o6pasyH Il0,IlCJl08BHe ßOTOKH. B pR,IIe MeCT 
r,ItaeTCH Ha6JIIO,ItaTF. CaMH 13YJIK8HH118CKHe xepJia. B Bepxax ,IlaliKOBOfi cepHH ,ItruiKH TepHIOT 
napaJIJieJIDHOCTF, H nepeXO,IlHT B CHJIJIH HJIH illTORBepKOBHe TeJia, 11acTo sanoJIHeHHRe spynTHB
HliMH 6peKliHHMH. OHH B ,Ita.JII,HeßmeM, BliXO,IlH Ha IIOBepXHOCTF., nopolK,IlaIOT ßOTOKH JiaBOBRX 
Tpy6. Boltpyr illTOKB!PKOBRX TeJI, KaK H3 cep,It811HHKa, HarpOMOlK,Il8Hbl HaKJIOHHHe JiaBOBble 
IlOTOKH, 'IITO COS,ItaeT KapTHHY, 0118HF, IlOXOJKY6 Ha 11 CTora ceHa" B OK88Hl1I118CKHX OCHX cnpe
,IlHHra. B O,IlHOM CJiy'llae Ha6JIIO,Il8JICH BYJIK8HH118CKHÜ annapaT THna JiaBOBOro MHHH-Osepa: B 
BH,Ite H8CJI08HHH TOHKHX JlaBOBHX IlOKPOBOB MOIIUiOCTF,10 IO M, H3 llO,Il KOTOPHX BbITeKaIOT 
ynJIOlll8HHHe �aBOBHe IIO,IlymKH. BJms�epJIOBRe yqacTKH xapaKTepHSyIOTCH IlOHBJieHHeM rHaJIO
KJl8CTHTOB H nycTOT8JiblX JiaBOBblX Tpy6. 

C :ueJIDIO peKOHCTPYRUHH IlOJIOJiteHHH H KOHiPffrypaUBH 6oJiee KPYIIHbIX BYJIKaHHtiecKHX IIOCTpoeK -
BOSMOJICHl:IX aH8JIOrOB IlO,IlBO,IlHHX BYJIK8HH118CKHX rop oceBHx SOH OK8aHH118CKHX pH<pTOB - IIO 
BC8MY paspesy peRH lllyJJ;IlaK DpOHSBO,IlHJIHCF, 38M8PH opHeHTHPOBKH JI8BOBHX Tpy6, T. e. Ha-
npaBneHH� rrepBH'IIHOro Te�eHHH JiaBH. BHHCHHJIOCF., 'IITO B KaJ!,ItOM ß3 JiaBOBRX noJieä npeo6-

r--
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Jl8,Il88T opHeHTHpOBK� IlOTOKOB B 38Ua,tlHHX pyM6ax H uoqTH HeT IlOTOKOB, T8Kynt0:X B BOCToq
HOM HaIIpaBJierum. Ilo opHeHTHPOBKe IlOTOKOB y�aJIOCb BOCCTaHOBHTb KOHqmrypa,umo IlOCTpOeK 
(CM. pzc. 4). ÜK838.Tl0Cb, qTo B 60Jil,IIIHHCTBe CJIJ"f88B OT HHX coxpaHHJmCb Jmlllb 38Ua,tlHH8 
IlOROBHHH, a BOCTOqHHe OTCYTCTByIOT. 3Ta KaPTHHa Y�HBHT8Jll,HO T01IBO COBna,naeT C TeM,

qTo CR8�0BaJIO 6H OlKH�aTb upz o6pasoBaHHH 6aS8Jll,TOBOro ROJKa sa cqeT cupe�HHra OK88.HH
qecKOro �Ha, KOr�a no OCR �eT pacKOR H IlOROBHHM (HJilI qacTH) BY�a.Haqeciw:x IlOCTpoeK 
pacXO,IlHTCR B pa3HH8 CTOpOHI,1. IlocKOJII,ey coxpaHHJmCb Jmmb 3aila,tlHH8 IlOROBHHH, TO Mo,mo 
YTBepJK,IlaTb, qTo OCb cnpe�Hra pacnoRaI'aJI8Cb BOCToqaee (KOHeqHo, B COBpeM8HHl:lX Koop
,Itl'IHaTax). PasMepH peKOHCTpyHpyeMl:lX BY�aHHqecKHX nocTpoeK COCT8BJIRIOT 0,5 - I KM B 
nonepe'tJHHKe H B STOM OTHOID8HHH OHH BilORHe COHSMepHMH C By�a.HHqecIW:MH U8HTP8MH B OCR 
OK88Hßq8CKHX PHW!'OB. 

�epe�OBaHHe Ha Moma.na RaBOBHX H 'Aa.HKOBHX noRett MOMHO cqHTaTb OTpalK8HH8M pasJil'IqHoH 
r.ny6HHH aposHOHHoro cpesa H Ha STOM OOHOBaHHH BOCOTaHOBHTb pe.m,e� upeJKHero ROJKa pHcp
TOBOtt 30HH Ypa.m,oKoro IlaJI800K8aHa. KaJK,IlM napa - RaBH-�aitKH - OTBeqaeT npeJKHett o6po
COBOtt OTyneHH: �rotiw: ee ßO�RTOMY, a RaBH - onymeHHOMY KPaIO. lliHpHHa TaKHX peKOHOTpy
HpyeMl:lX CTyneHett PaBHa 2 - 5 KM, T. e. OllJITD TaKM JKe, KaK B oKeaHHqeoKHX pH<p11ax. 
CTyneHH B3'A8PHYTH K BOOTOKY, qTo OOBna,iraeT C BHBO�OM O UOROlK8HHH HCKonaeMott OOH cnpe
,Itl'IHra K BOOTOKy. 

AH�THqeoKHe 'AaHHHe O'AHOSHaqHo YKaSHBaIOT Ha �eHTH'tJHOCTb 6a38Jll,TOB peKH illyJI,D;aK OKeaHH
qecKHM TOR8HTaM. CneUH8JII,HHe HOOne�oBaHHfl 6HJilI HanpaBJieHH Ha ycTaHOBJieHHe nepBHqHoH 
r.ny6HHH H3JillffHHR RaB H OKOPOOTH onpe'AHHra. IlysupHCTOOTb OKeaHHqecrurx TOReHTOBHX oa-
38Jll,TOB RBJIH8TCR oqeHb 'tJYTKHM HH'AHKaTopoM r.nyOHHH H3JillffHHR: �eM M8Hbllie r.ny6HHa, TeM 
60.m,me nyoTOT. B 6a3a.m,Tax peKH illyJI,D;aK nysblpHOTOOTb COCTaBJIHeT 5 - 7 %, qTo 3HaqffT8Jil,
HO M8Hbme qeM B 6aSaJibTax RpaoHOMOPOKoro pHqyra (IO %), H3JmBaBlliHXCR Ha �Jiy6HHe 
I300 - I500 M, H OOHSMepHMO o nopHOTOCTbID 6a3aRDTOB OCR Cpe'AHHHO-ATRaHTHqeoKoro xpeOTa, 
H3Jil!BaBllll'IXOR Ha r.ny6HHe 3000 M. CRe�oBaTeJil,HO, 8TH JKe rJiyOHHH MOJKHO npHHRTb 'AM 
6asa.m,ToB peKH illy)OJ;aK. �TO KaoaeTOR OKOPOCTH cnpe�HHra, TO 6a38JII,TH peKH illyJI,D;aK noqTH 
He CO'A8plKaT BKPaMeHHHKOB, npe�OTaBReHH B OCHOBHOM aqJHpOBHMH pasHOOTRMH. Cpe.zm HHX, 
KpoMe R8BOBl:lX Tpy6, npHCYTOTByIOT M8CTHHqaTHe RaBOBble ßOKPOBbl, peKOHCTpyHpyIOTOR RaBo
BHe osepa. Ilo HM8IDl!IMMOR XHMHqecKHM 8.H�SaM, 6838JII,TH RBJlRIOTCR BblCOKOTHTaIDICTHMH 
('AO 2 % Ti02). CR8'AOBaT8Jil,HO, TIO BOeM npH3HaKaM OHH OTBeqruoT BHOOKOOilp8'AHHrOBHM 
OK88Hßq8CKHM pHqyraM. CKopooTb 6HRa He M8Hbllie 6 oM/ro�. 

Ta.KHM o6pa30M, reoRorzqeoKHe 'AaHHble roBOpRT O IlORHott H'A8HTHqHOOTH By�aHHqeoroIX nopo� 
peKH illyJI,D;aK 6838JII,TaM, q:opwrpyIOUIHMCR B OCR OOBpeMeHHblX OKeaHHqecHHX onpe'AHHrOBHX 
xpe6TOB. Y'AaeTCR BOCCTaHOBHTD HCKOnaeMHÜ cnpe.zmHr, peKOHOTpyHpüB8'1'b pe.m,eqi upelltHeH 
pHqiTOBOtt 30H1,1, YOTaHOBHTb BHCOKyIO OKOpüCTb cnpe'AHHra. 8TH 'AaHHble y6eJK,IlaIOT B TOM, qTo 
�eBHenaJieoaottcKoe OK88.HHqecKoe ROlKe npHHUHilHaRDHO He OTJillqaJIOOb OT ROJKa OOBpeMeHHHX 
OK88HOB. 

CTaTbR HanHcaHa no OR8�11lHM JilIT8P8TYPHHM HCTOqHHKaM: 

30HEH!llAMH, JI.TI.: TaMt r'Ae poJK,IJ;aeTCR OK8aHJiiqecKM KOpa
IlpHpo�a � (I982J, OTp. 67 - 74 

.. 

30H�H, JI.Il.; MOIMH, A.C.; COPOXTIIB, A.r.: TeKTOHHKa KpacHOMOPOKOro pHqyra B proioHe 
I8 o.m. 
reoTeKTOHHKa � (I98I), CTp. 3 - 22 
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30HEHI!Wlli, JI.Il.: IlaJieOOR88HOJIOrH"lleCKH8 HOOJl8,llOB8HHJt Ha YpaJie 
3eMJIJI H B08JI8HHM _1 (I98I), OTp. 48 - 54

MOHWI, A.C.; 30HEHll!AßH, JI.Il.; Jß1Tm1H, B.M.; COPOX'fflH, o.r.: 0 CTPYRTYP8 KpaoHOMOPCRO
ro pu(p'l'a 
JloRJI. AH CCCP, 5, I980 

BEI.LAICHE, G. et al.: Inner floor of the rift valley: first submersible study. 
Nature, London 250 (19?4), p. 558-560 

FRANCHETEAU, I.; JUTEAU, T.; NEDHAM, D.; RAUGIN, c.: Cyamex: Naissance d'un ocean. 
CNEK0, Paris 1980, 88 p. 

YCJIOBWi o6paSOBaHWi rmponoBWC nepH,UOTHTOB H aRJiorHTOB B KpHCTann2qecKOM pYH�8Jl8HT8 
EoreMoRoro MaocHBa H ero aHaJioroB 

H. JI. }lOEPEUOB
• 

P e s 10 M e 

Onpe�eJieHHe xapa.KTepHHX P-T yc.110Butt nopo�oo6pasoBaHWi (Ta6.11. I) noKasuBaeT, qTo rmpo
rroBHe rrepHJlOTHTH B BepxHeß MaHTHH KPHCTaJIJm3HpOBaJIH rrpH OKOJIO rroo0

c H I8 - 20 K6ap
H qTo peB.KUROHHUe IlpO.nyRTH KOHTa.KTOB H OKPY�8HJ111He rHeBCH 6HJIH MeTaMOPWH30BaHH B 3 
aTarrax, B cpe�eM ßPH 900°c H IO K6ap, 750°c H 7,5 K6ap H 600°c H 4 K6ap. 3Ta 008HKa 
perHOH8JII,HOro M8TaMopqiH8Ma' COOTB8TCT:syeT reoTepMe CH Ha.H60.11ee BHCOKOMY Te!L1IOBOMY 
IlOTOKY, H 60.JII>DIHHCTBO P-T ooeHOK IIllPOilOBHX nepH�OTHTOB H 3KJIOrHTOB OOOTBeTCTByeT oKe
aHHqecKoß reoTepMe (cpHr. I). 3TO BHCK83SBaHHe yTBepll!,IJ;aeT rurroTesy O TPaHCilOpTe Impo
IlOBHX ceprreHTHHHTOB qepea IlOKPOBH BepXHeß MaHTHH Ha IlOBepXHOCTb, BH3BaHHOM ßPH CTOJI
KHOBeHHH KOHTHH8HT8JIJ>HHX ITJIHT, aHrJiorHqßhlX T8KODHY B fBMaJiaHx. 3TO CTOJIRHOB8HHe TB.K!te 
BH3IrnaeT YTOJillleime 3eMHott KOPH, YCHJieHHe TeITJIOBOro IlOTOKa H perHOHaJll,HHli MeTaMOpqJH3M. 

Su m m a ry 

The origin conditions of pyrope periodotites and eclogites 
in the crystalline basement of Bohemian and other massives 

The typical estimations of P - T conditions of the formation of the rocks (Table 1) 
show thnt the pyrope peridotites crystallized in the upper mantle at T about 1100 °c 
and p a 18 _ 20 kbars and the contact-reactional ro9ks and country gneisses were meta
morphosed in three stages with the parameters (average) 900 ° and 10 kbars, ?50 ° and 
?,5 kbars, 600 °c and 4 kbars. These estimations of the regional metamorphism corres
pond to the geotherm c and maximum heat flow and the most of P - T estimations of the 
pyrope peridotites and eclogites corresponds to the oceanic geotherm (Fig. 1). These

evidence support the hypothesis about the pyrope peridotites were transported by the 
nappes on the surfaoe from the upper mantle by the collision of the continental plates 
o:f the Himalayan type. This collision also led to the thickening of the crust, the 
high heat flow and the regional meta.morpbism. 
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Die Bestimmung der charakteristischen P-T-Bedingungen der Gesteinsbildung (Tab. 1) 

zeigt, daß die Pyropperidotite im oberen Mantel bei etwa 1100 °e und 18 - 20 kbar kri

stallisierten und die Reaktionsprodukte der Kontakte sowie die umgebenden Gneise in 

3 Etappen, durchschnittlich bei 900 °c und 10 kbar, ?50 °e und ?,5 kbar sowie 600 °c 

und 4 kbar, metamorphisiert wurden. Diese Abschätzung der Regionalmetamorphose ent

spricht der Geotherme C sowie dem maximalen Wärmefluß. Die meisten P-T-Abschätzungen 

für Pyropperidotite und Eklogite stimmen mit der ozeanischen Geotherme überein (Abb. 1). 

Diese Aussage stützt die Hypothese über den Transport der P;yropserpentinite durch 

Gleitdecken vom oberen Mantel an die Oberfläche, verursacht durch Kollision kontinen

taler Platten vom Himalaja-Typ. Diese Kollision führt gleichzeitig zur Krustenver

dickung, zu einem hohen Wärmefluß sowie zu regionalme.tamorphen Veränderungen. 

Cep:w:1 MOJI,llaey61.myu B KPHCTaJ.IJmlJ8CKOM <fJYH.JlaM0HTe EoreMcKoro MacCHBa H M0T8MOpqJHlJ8CKHe 

TO� He6om,nrnx 6ROKOB B CRJia,nqaTHX SOHax repqliHH,ll, o6paMJiß!OIIIHX STOT M8CCHB c ceBe

pa (M!oHx6epr, I'pa.HyJIHTOBHe, Py,nHHe, CoB:&H rope) HM810T MHOro 06U1ero. ÜTJililJHT8Jil,HOH 

oco6eHHOCT:&10 BCex STHX TO� RBJIJieTCR IlOJiliM8TaMOpq'msM c paHHHM rpa.Hy.Jm:TOBHM STarroM 

MeTaMOpqJHSMa H HaJmlffle MHOrOlJHCR8HHllX TeR (,llo 2,5 KM ,llJiliHOH) rmponOBHX rrepH,llOTHTOB 

H 8RJIOrHTOB. ImporroBHe nep:0,ll;OTHTH B EoreMCKOM M8CCHBe pacnoRoXeHH npeHMYJU8CTB0HHO 

rro rrepHcpepHH 6ROKa, CROX0HHoro MOJJ,llaHy6HKYMOM. F,cJm IlpHHRT:& 06U1ee eyrroRoo6pasHoe 

CTpoeHHe .8TOro 6ROKa, TO 8TO OSHai:raeT, 'tJTO TeRa IlHpOilOBHX nepH,llOTHTOB H 8RJIOrHTOB 

KOHU0HTPKPYKJTCR B BepXHeH i:racTH MOR,llaHy6HKYM8, B6Jm:SliI KOHTa.KTa c nepeKpHBaB)lIIHMH TO�a

MH HJili Ha,llBHraMH OqJHOJiliTOB. Ha,nBHrn O(pHOJiliTOB pHcpeHCKoro BOspacTa xopomo qJHKCliIPYKJTCH 

B o6p8MR8HHH I'paHyRHTOBllX rop ( WERNER , 1981) H COB:E.HX rop, a TaRJKe npe,nrroRaraB)TCH 

Ha ceBepo-sana,ne EoreMCKoro MaCCHBa (MapHaHCKo-JiasHeHCKHH KOMIIJ18KC). 

Ü,nHO HS HaHÖORee KPYIDrnX TeR B EoreMCKOß MaCCHBe OKORO Moxem,Ho - 6HRO Ilp0,ll8MOHCTPH

poBaHO yqacTHHKaM rroReBOH KOHcpepe�HH IlO,llKOMHCCHH 2 B �exocROBaKHH ReTOM 1980 r., a 

saTeM neTpOROrHH 8TOro TeRa H KOHTaKTOBo-peaKWIOHHHX rropo.n 6HRa HsyqeHa KORR8KTHBOM 

aBTOPOB - yqacTHHKOB BblllleHaSBaHHOit noReBOH KOHc{lepemnrn ( DOB RETSOV et al., 1981) . Ka.K 

OKaSMOC:&, T8RO HMeeT CROJKHOe qemyttqaToe CTpoeHHe, H80,llHOiq)8THO ,ll8qx>pMHpOBaHO H npe

TeprreRO IlORHMeTaMOpcpHSM. IlepBHlJHHe accOUHa_n0:H IlßPOilOBHX rrep:0,ll;OTHTOB COOTBeTCTByJDT yc

ROBHRM BepxHett MaHTHß H He cor�acYKJTCH C oueHKBMH TH p KOHTaKTOBo-pea.KD;HOHHHX nopo,ll 

H BM8lllaB)lIIHX rpaHyRHTOB, 

B Ta6.mi:ue l H Ha pHc. 1 IlOKaSaHH xapaKTepHHe oueHKH P-T yc�OBHtt KPHCTa.JIJIHSanHH :rmpo

IlOBHX �epuoRHTOB H rmpoKceHHTOB HS p-Ha MoreJII,HO H ,JlpyrHX yqacTKOB HaSBaHHHX M8CCHBOB 

B cpaBH8HßH C P-T YCROBRIIMH KPHCTaJ.IJmSauHH KOHTaKTOBO-pea.KUHOHHHX rropo,ll H BMemaB)IQHX 

rHettcoB. IloqTH Bce oueHKH no napaM Cpx -Gr H Cpx - Opx B RepuoRHTax rpynrmpyioTcH 

OKORO 1100°c H 18 - 20 K6ap H TORbKO H8CKOJil,KO oueHOK B rpaHaTOBHX rmpoKC0HHTax SaMeT

HO OTJiliq81()TCR B CTOPOHY M0HbIDHX T8MilepaTYl) (900 - 1000°) H 6oRee lllßPOKHX BaPH�tt 

.n:aMeHHH (I3 - 30 K6ap). Ho H 8TH oueHKH He BHXO,llRT sa npe,n:eRU P-T IlOM (II) mmrae

R8BHX H rpaaaT-mrrHHeReBHX MaHTHtbiHX RepuoRHTOB 1'18 KC8HORHTOB B meRO'IIHHX 6aSaR:E.Tax 

(.D.0EPEUOB, 1980). Cxl,n:a llte Il0Il0,II8IOT H0KOTopue oueHKH ,llM 8RJIOrHTOB (5a), O,JIHa.KO 6oR:E.maH 
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Table 1 P-T conditions of origin of pyrope lherzolite and associated rocks t in °c 

Rock type Association 

Pyrope Cpx-Gr 

lherzolite 

Cpx-Opx 
Clinopyro- Cpx-Gr 
xenite 

Contact Cpx-Gr 

rocks 

Gneisses Cpx-Gr 

Cpx-Hrb 

Gr-Bi 

Eclogites 

Source 

Granulitgebirge Erzgebirge Gory Sowie 

Mohelno 

Bohemian massif 

'Stare 13'ory Greifendorf-Reinsdorf Zdblitz- Bystrzya Gorna 

1123-1066 1128-108? 

18-20kbar 18-20 kbar

1043-820 1092-10?0 - 1050 

869-916

8 kbar

860

(700) 800

650 

a) 850,
15 kbar

b) 650,
10 kbar

1022-934 900-950,

18-20 kbar 13 kbar

a) 850-900;
8,5-9 kbar

b) 700-800;
7-8 kbar
550-650;
2-4 kbar

Dobretsov, Dudek, Fediukoval 1974
et al.,1981 Fiala, Padera, 1�77 

Thalheim, 1979 
Behr,1978;new data 

Eppendorf 

1070 

1100, 

18-20 kbar 

600, 
5 kbar 

530, 
8-10 kbar

1100, 20 kbar 

1100-1050 

1000, 
30 kbar 

700-800

8-9 kbar

670, 
10 kbar 

670, 
10 kbar 

Bakun-Czubarow, Bakun-Czubarow, 
1975; �alheim, 1980; new data 
1977 

\Jl 

N 
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qaoTh aKJIOrHTOB H3 MOJJ,llaay6HKYM8 H BHaJIOr�Hl,IX rHettooB OOOTB8TOTByeT 6onee HHSKHM 
TeMITepaTYJ)aM. 

P-T OU8Hlm aKJIOrHTOB H 6om,meä qaoTH JIHPOUOBHX nepuoJIHTOB paononar810TOR OKORO OK88HH
qecKott reorepM!,I ("B" Ha PHO. I) HJIH H8CKOJil,KO CM8Ul8HH B OTOPOHY reoTepMH "c" 38 C'tleT
BJIW1HID1 6onee uoa,lIHHX npoueccoB. reorepMa "c" xapaKTepHsyeT "cpe.nHHe" ycnoBHR perHo
aam,Horo M8T8MOPWH3Ma BM81118DJIIHX nopo.n B Rope H COOTB8TCT13YeT HaH6onee BHCOKOMy Tenno
BOMy IlOTORy-, PaaHHe aTanH perHOH8.Jil>Horo M8TaMOp�HSMa xapaKT8pH3YJOTCR ,llM PaHHeH �a3H
ycnoBIDIMH rpaayJIHTOBOtt qiaUHH (none II), 38T8M BHCOKOTeMneparypHott aMXpH60J.IlfTOBOH �BUHH
(700 - soo0c H 6 - 7 K6ap) H, H8KOH8U, HHSKOTeMneparypHott aM�HÖORHTOBott �BUHH. Ilocne.n
HRR �a COOTB8TCTByeT ycnoBHRM KPHCTaJIRH3auHH 8H8T8KTHqecKHX H napaaBTOXTOHHHX rpa
HHTOB (OKORO 60o0c H 4 K6ap) H TPaKTy8TCR Hepe,llKO KaK rp8HHTH3auHR, 3TH �83H, B03MO�
HO, 88M8THO OT�810TCR no BOspacry, O,lIHaKO 6Jßf80CTb HX P-T uapaMeTpOB O,lIHOtt reoTepMe
CBH,ll8T8Jil,CTByeT O 6JIH8KOM T8MOBOM IlOTOKe, a cne,llOB8T8Jil,HO, 0 CXO,llHOM peJKHMe perHo
HBJil,HOro M8TaMOp<pH8Ma.

IlpHB8,ll8HHHe oueHKH (Ta6R. I H PHC. I), OCHOBBHHHe Ha o6sope JßfTeparypH H H8KOTOPHX 
HOBHX ,llaHHHX MHHepMorHqecKOH T8PMOM8TPHH, uonyqeHHHX BBTOPOM (CM. Ta6n. I), Il08-
BOJIRIOT no.n.nepJKa.Th H KOHKP8TH8HpOB8Tb 38KJil0'18HHe IlO,llKOMHCCHH 2 B OTHOW8HHH reHe8HC8 
IlHpOilOBHX uepH,D;OTHTOB H aKJIOrHTOB MOJI,D:aHYÖHRy-Ma, CqJOPMYRHPOBaHHHe nocne rroReBHX 
pa60T B �exocnOBBKHH (I980), r,UP H Ilom,nm: (I98I): 

I) IlHponoBHe nepH,llOTHTH H 3KJIOrHTH OTHOCRTCR K THDHqHoli O�liOJ.IlfTOBOM accOUHauHH;
2) Bo8MOlKHO, OHH RBJlffiOTCR OTTOpllteHUBMH BepxHett MBHTHH, Cqx>PMHPOBBBIIlßMHCR Ha rRyÖHHax

6onee 60 RM;
3) ÜHH 6HJm BHB8,ll8HH B B8pXHH8 CTPYKTyPHH8 3T8JKH npH CTOJIKHOB8HHH KOHTHH8HT8Jil,HHX

IIJI0:T, aHMorH'IHHX TBKOBHM B ThMaJIMX, npHqeM pacnpe.neneHHe P H  TB no.nomBe Ha.Il
BHraBmeiicn URHTH 6RH8KO COOTB8TCTBOBMO H80T8pMe "B";

4) SHaqHT8Jil,H08 YTORU18HH8 KOPH BH8BMO, C O,lIHOH CTOPOHH, ycHR8HHe T8IlROBOro UOTOKB
H perPIOHBJil,HHÜ M8TaMOP�HSM, COOTBe'rCTByIOl!lliH H80T8pMe "c", H C .npyroü CTOPOHH,
IlO,lIHRTHe H rRy60IcyIO aposmo C noqTH ITORHHM yRffqTo�eHH8M uepeKpHBruomett IlJIHTH, OT
KOTopott OCTBRHCh TOJil,RO npoBecu ee IlO,llOWB8HHO� 'IMTH, .neqopMMJ)OBamrne H MeTa
MOp�H80B8HHHe COBM8CTHO C llO,llCTHRaIOllU™H rHeaca.wi;

5) BHWeyuowruyTHe O�HOJ.IlfTH, B08MOJKHO, npe,llCTBBJISIIOT peJrnKTH OK8aHH'l8CKOli Il.llaCTHHH,
38.lKaTHe M8JK,Ity ,llBYMfl KOHTHH8HTBJil,HHMH IlnHTaMH aHMOrHqHQ rreHHHHCKHM rroKpOBaM
O�HOJIHTOB B CTPYKType .AJII,rr.

CXO,JIHHe 38KOHOM8PHOCTH xapaKTepHH ,llJI.fI MHOrHX Ten IlHpOllOBHX uepH,D;OTHTOB H 8KROrHTOB 
B rHettcax H CRBHUBX, HBnpHMep B KoKqeraBCKOM MaCCHBe H KasaxcTBHe (DOBRETSOV, SOBOLEV, 
!970), ß08TOMY rrpe.nnoEeHHOe o6�HOH8HHe MO�eT ßM8Tb 6onee o6�ee 8H8'18HHe. AnDTep
HaTHBHaH rHDOTeaa .nnH o6�HCH8HHH HX reueaHca - BH8.IlP8HM8 ßHPOilOBNX rrepH,llOTHTOB 
H 8KJIOrMTOB B BH,ll8 BUCOKOTeMnepaTypHNX Maru BO BpeMH M8T8.MOpql�3Ma BWOOKHX �aBneHW� -
6bma H8JIOZ8Ha HaMB paHee (DOBRETSOV, SOBOLEV, 1970).
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fig. 1 (puc. 1) P-T conditions bf rocke' origin and comparison with 
geotherms of shield (a), oceans (b) and zones of 
regional metamorphism (c). 
1 - pyrope peridotites and pyroxenites; 
2 - eclogites, 
3 - contact rocke and gneisses; 
4 - fields of crystallization conditions of mantle 

xenolithes from basalts (1 - of garnet pyroxenites, 
II - spinel lherzolites and garnet-spinel ones); 

5 - fields of crystallization conditions of pyrope 
peridotites of crust and regionally-metamorphosed 
rocks of the various stages. 
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Ophiolites and Initialites - a Comparing Reflection 

CARL-DIETRICH WERNER 1)

S u m m a r y 

A comparison of the Variscan initialites of the Rheno-Hercynian and the Saxo
Thuringian with OFB and CON TH basing on petrochemical and geochemical criteria leads 
to the unambiguous statement, the first are continental tholeiites of LKT type. Most 
distinctly thie fact can be deduced from the REE contente and their distribution 
pattern. From the eetimation of the depth of the correeponding partial anatectic 
melting ranges for the initial magmas follow coneiderable deeper levele than for the 
OFB malte. The conception of an intracontinental geosynclinal development within the 
West and Central European Variscides, derived from geologic obeervatione, can thus 
be euetained emphatically. Consequently, the dietinction between ophiolites and 
initialites ie fully juetified. However, the cruetal thickness within geosynclinal 
zonee is distinctly smaller than in other regione of continental lithoephere plates. 

Ophiolithe und Initialite - eine vergleichende Betrachtung 

Z u s a m m e n f a s s u n g 

Ein Vergleich zwischen den variszischen Ini tiali ten d.ee Rhenoherzynikume und des 
Saxothuringikums mit OFB und CON TH nach petrochemiech-geochemiachen Kriterien führt 
zu der eindeutigen Aussage, daß es sich bei den ersteren um kontinentale Tholeiite 
vom LKT-Typ handelt. Besondere klar ist diese Tatsache aus den Gehalten und dem Ver
teilungsmuster der REE abzuleiten. Die Abschätzung der Tiefenlage der jeweiligen 
Aufschmelzungebereiche ergibt für die initialen Magmen erheblich größere Werte als 
für die OFB-Schmelzen. Die aus geologischen Beobachtungen abgeleitete Vorstellung 
einer intrakontinentalen Geoeynklinalentwicklung in den weet- und mitteleuropäischen 
Varieziden kann damit entscheidend untermauert werden. Die Unterscheidung zwischen 
Ophiolithen und Initialiten ist somit vollauf gerechtfertigt. Die Krustenmächtigkeit 
in Geoeynklinalzonen ist jedoch deutlich geringer als in e.nderen Bereichen kontinen
taler Lithoephärenplatten. 

1) Bergakademie Freiberg, Sektion Geowissenschaften, Freiberg
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ÜcpHOJmTH H HHßIO'IaJIHTH - opaBHHTeJII,HOe paocMOTpeHHe 

P e s KJ M e

CpaBHeHHeM Mellt,Izy BapHOIO'IßCRHMH HHHIO'IaJmTaMH peHo-reptzyIHOKOß H CaKOOTKlpHHrOKOß 901W o 

OFB H CON TH no Il8TpOXßMHqecM-reoxm.mqecMM KPHTepHRM no.nyqaeTCR 0,IlHOSHaqaoe BHOKa-

9HB8.HPie qTo nepBHe - KOHTHH8HTaJII,HHe TOJI8HTH THna LKT. 

OooCSeHHO qeTKO MOlKHO BH•BO,nHTI, :3TOT cpa.KT H3 co.zrep21taH:l'IH H o6pasua paonpe,IIeJieHIUI REE • 

B pesym,TaTe oueHM rJiyOHHbI OOOTBeTOTByIOlllHX OOJiaOTe� paoilJiaBKl-l IIOJiyqaKJTOR ,IIJIR HHH

IzyiaJII,HJ:,IX MarM 9HaqßT8JII,HO OOJII,nrne 9HaqeHM qeM ,IIJIR paonJiaBOB OFB. BHBe,IIeHHOe H3 reo

JioruqeoRHX H80JilO,II8HHß npe,IIoTaBJieHße BHYTPHKOHTHH8HTaJII,Horo reooHHKJmHaJII,HOro pa3BH

THR B sana.nao- H ope,IIHeeBporre�OKHX repQHHH,IIax M0'1tli0 o6ocHOBaTI, TaKHM o6pa30M 3Haqß

T8JII,HQ. I1TaK pa3;mqeHHe M8)K,lly OOJHOJmTaMH H HHHI:zyiaJIHTaMl-1 BilOJIHe onpaBe,IIJIHBO. Ü,IlHaKO, 

MOIIIHOOTI, KOPH B reoOHHKJmHaJII,HJ:,IX 30Hax ROHO M8Hbme qeM B ,IIpyrHx OOJiaOT.fIX KOHTHHeH

TaJII,HHX IlJmT JmTOO�epH. 

1. Introduction

The topic of the field work of subcommission 2 of the Problem Commission IX in

1981 was "Ophiolites and Initialites of Northern Border of the Bohemian Massif". The 

inclusion of the initial, geosynclinal magmatites is thoroughly justified by the 

subject "Early Stages of Evolution of Geosynclines end their Ophiolitic Complexes", 

however, considerable discussions have been caused for distinguishing initialites 

and ophiolites so clearly. Subsequently it will be tried to explain the essential 

arguments for it, thereby we intentionally proceed from the geologic situation of 

the West and Central European Variscides. 

2. Geologie position of the Variscan initial magmatites

The term "initial volcaniem" goes back to H. STILLE 0939), and has been related

from the beginning to the classic geosynclinal conception represented by AUBOUIN 

(1965) at last. Under the influence of the global tectonic ideas the term "geo

syncline" has been discredited frequently indeed, but this is not a sufficient 

reason to withdraw from it generally. 

From the experience of Central and West European _geologists - especially in the 

Variscide region - geosyncline represents a secular sinking area - sometimes splitted 

into several special basins - connected with vast extension zones. The emplacement 

of initial magmatites s.str. marks the border between two geosynclinal development 

stages, the pre-flysch and the flysch end olistostrome ones respectively, i.e. 

Eifelian-Givetian within the Rheno-Hercynian (RH), and Frasnian within the Saxo

Thuringian (ST). _The not very abundant so-called "Deckdiabase" (cover diabases, 

Dinantian I-IIl are known only from the RH. 

It is decisive, that the whole geosynclinal development within the West and 

Central European Variscides took place on a continental crust. Lower Palaeozoic is 

evidently the basis for the pre-flysch sediments both in the RH and in the ST 
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(FANDRICH, 1972;- JUTEAU & ROCCI, 1974; KRAMER & RÖSLER, 1j81; MUCKE, 1973; RÖSLER, 
1960; RÖSLER & WERNER, 1979a; SCHEFFLER, SCHWAB & WERNER, 1981; SCHROEDER, 1977; 
SCHWAB, 1976)). Below i t in the ST follows metamorphic Proterozoic, in the RH i ts 
occurence is probable. 

57 

The common rock aseociation of the initial magmatiem compriees predominantly 
basal tic and in smaller quanti ties even andeei ti.c effuei ves ( spili tes), partly form
ing pillow lavas, and correeponding volcanoclaetics as well ae basaltic eubintrueive 
bodiee or dikes (diabaees, partly layered differentiated up to picrites) within pre
flysch and basement rocke. A:ccording to their mineral composition the cumulative 
picrites correepond with mela-olivine tholeiites to plagioclase peridotites, and are 
mineralogically and geochemically in no way comparable with ophiolitic ultramafics 
(WERNER, 1982). In eome regione, immediately before the effusion of basic lavas, 
rhyolitic to rhyodacitic effusives occur, mostly submarine (quartz keratophyres), 
but also subaerial (quartz porphyries; RÖSLER, 1959). Only in parts of the RH ex
clueively a complete alkaline rock suite is developed with alkali-diabasee, spilites, 
potassium-epilites, microsyenites, keratophyree and quartz keratophyree (RÖSLER & 
WERNER, 1979a; WERNER & RÖSLER, 1979), related to a special geotectonic situation 
(WERNER, 1981c). All in all the appearance of diabas-spilite association corresponds 
greatly to the layer 2 of the oceanic crust. However, the other limbs of an oceanic 
ophiolite series are completely absent. Consequently, the emplacement of the initia
lites took place in a marine, but not an oceanic wayl 

In,contrast to the initialites "ophiolite represents oceanic crust generated at 
mid-ocean ridges, from whence it slowly migrates by ocean floor spreading toward 
continental margins - there to be subducted into the mantle. Under some circumstances 
at plate boundaries, slabs of oceanic lithosphere have become detached end override 
(obduction) continental margins" (COLEM.AN, 1977). The complete ophiolite series in -
cludes ocean-floor basalts, sheeted dikes, gabbros and harzburgitic-dunitic ultra
mafica as refractory Upper Mantle. In Central Europa ophiolites are only known from 
the Upper Proterozoic (MAJEROWICZ, 1981; MfSAR & JELfNEK, 1980; TONIKA, 1980; WERNER, 
1981b). 

3. Petrochemistry and geochemiatry of the Variacan initialites

By many authora petrochemical and geochemical criteria have been elaborated allow
ing with aufficient accuracy a discrimination of baaaltic magmatitea with respect to 
their geotectonic position. By comparison between OFB end the phenomenologically 
similar diabaaea end apilitea of the Variacan geoaynclinal zone it can be demonatrated 
unequivocally, that both the baaalt typea are not identical. Thia holde true too, if 
it is taken in consideration, that for the OFB average only freah rocke were uaed, 
whereas the mein part of the Variscan initialitea has undergone compoaitional 
alterations by aub-aea-floor metamorphism, however, the general characteriatic 
features of the rocke could not be effaced essentially. 

For the Rheno-Hercynian a mean value 111,'j RH" without weighing was calculated of all 
available diabase.and spilite analyses from the Lower Harz (RÖSLER & WERNER, 1979b; 
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WERNER, t981'.a): - except the Elbingerode alkaline rock series - fr.om following units: 

Wiesenbach slates «Eifelian) 
Wippra unit CGivetian) 
SUdharz and Selke nappes (:Givetian) 
"Deckdiabase" (Dinantian) 

n 
n 
n 
n 

= 11

= 10 
= 17 
= 13 

After the discriminance test for the bulk chemistry «PEARCE, 1976) {6 Rlf belongs to the 
continental within-plate basalts of LKT type; the same applies to the single groups, 
too. 

For the Saxo-Thuringian - disregarding more strongly alterated samples - a mean 
value "{6 ST" was calculated using 50 picrites (Eastern Thuringia, Vogtland)>, 75 
diabases �Eastern Thuringia, Vogtland, Wildenfels, Frankenberg, Elbe Zone) and 55 
spilites (ditto)· - data from KRAMER & RÖSLER (1'981)', RÖSLER & WERNER (1979b), WERNER 
(1981'a) - with following weighing: 

picrite average + 4 x diabase average = dike average, 
dike average + 3 x spilite average = {6 ST. 

For this the discriminance test gives C0N WPH of LKT type also. 

The mean values of ocean ridge tholeiites (0FB, n = 387; WEDEP0HL, 1981) and con
tinental tholeii tes (C0N TH; WEDEP0HL, 1975 )· were used' for the purpose of comparing 
(table 1). Striking differences in the bulk chemistry became evidently especially 
at Ti02 and P2o5, for which a subsequent alteration can be practically excluded.
Probably, the relatively high Na2o contents can be explained partly by :neaction with
sea or pore water due to the submarine emplacement. They cause the comparatively low 
normative An contente of the plagioclases (An*) as well as the high values of the 
TH0RNT0N-TUTTLE index (TTI). Moreover, the initialitee are distinguiehed by high 
normative 01 and low 0px contente. 

In the same way the trace elements were grouped (table 2)'. From the ST 120-143 
eingle data (Rb = 107, Nb = 73) were available, from the RH 42-48 ones (Rb+Li = 32, 
Nb = 29). Herewith, the differences between 0FB and the initialites are essentially 
clearer (besides Ti especially Nb and Zr), whereas a rather good similarity does 
exist with C0N TH (Rb, Ba, Sr, Nb, Zr and Cr)'. Comparing the geochemical parameters 
the similarity of the initialites with C0N TH and their deviation from 0FB becomes 
still more distinct, above all at Zr/Cr, Ti/P, Ti/Zr and Ti/Sc. On the other band, 
however, there are variations between both the mean values of RH and ST having their 
origin in the divergent geotectonic posi tion and - connected wi th that - th.e diffe
rent depth level of the Mantle anatexis producing the magmas. 

In addition the following trace elements were determined for a small number of 
samples (L00S, SAUPE & WERNER, in prep.) by NAA: REE (La, Ce, Nd,. Sm, Eu, Tb, Yb, 
Lu; the graphically derived data for the other REE are given in parentheses)·, Ta, 
Hf, u, Th and Sc ('table 3). From these, four belong to the RH (only "Deckdiabase"), 
and 18 to the ST (4 picrites, 5 diabases, 9 spilites). The latter were averaged as 
mein and common trace elements. 0bviously, the REE pattern of the initialites is 
nearly identical with that of C0N TH. Normalizing the contents of 0FB, {6 RH and 
{6 ST to C0N TH, the quotients of the initialites are near to 1, whereas the 0FB 

/ 
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Teble 1. Bulk chemistry ot Veriscen iJiitialites oompared with 
0FB and OON TH 

0FB � RH ·� ST OON TH 

Sio2 49.14 4(>.5 44.7 51.2 
Ti02 1.17 1.85 2.7 1.62 
A12o

3
15.64 15.5 13.9 15.2 

Or2o
3

0.046 0.026 0.042 0.025 
Fe2o

3
2.64 2.2 3.6 

FeO 6.66 8.1 8.2 11.0 
MnO 0.16 0.22 0.19 0.18 
MgO 8.22 7.05 7.7 6.12 
NiO 0.018 0.010 0.025 0.017 
CaO 11.84 8.8 8.1 10.1 
BaO 0.005 0.012 0.030 0.027 
SrO 0.016 0.031 0.034 0.039 
Na2o 2.4 3.5 3.2 2.37 
K 02 0.20 0.45 0.65 0.84 

P2o
�

0.12 0.28 0.35 0.22 

a2o 0.75 3.4 3.75 
H o-
2 0.34 0.21 0.26 

co2 1.6 2.6 
s 0.04 0.2 0.15 

99-40 99.94 100.08 98.96 

Equivelent cata-norm, adequate to CIPW

Q 2.85 
Or 1.2 2.8 4.15 5.05 
Ab 21.9 33.15 ;o.85 21.8 
An 31.85 26.65 23.3 29 

Op:z: 14.45 1.75 2.85 19.1 
Cpx 21.76 14.2 14.25 16.85 
01 4.85 15.7 16.95 
Mt 2.1 2.45 2.85 2.6 
Il 1.65 2.7 4.05 2.3 

Ap 0.25 0.6 0.75 0.45 

An. 59 45 4:5 57 
TTI 2:5 36 35 30 
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ones differ clearly. Por the equivalent rocke of the Rhenian Massif HERRMANN & WEDEPOHL 
(1970} oould prove this too. In principle, for Sc, Th and U the same holde true, where
as for Ta and Hf there is not a good oorrespondence, but a signifioant distinction 
compered with OPB. 'l!he geoohemical parameters emphasize thia statement especially 
clearly, es well as fig. 1, representing the mean valuea normalized to chondlrl.tes. 
Aäditionally, the graphs of the basic members of the Elbingerode alkaline rock euite 
are given to etrese their epecial features. 

Rb 
Li 

Ba 

Sr 
Nb 
Zr 
T"i 
Mn 
V 
Ni 
Co 
Cr 

FI 

't' 

k 

mg 
si 

�rz 
K/Ba 

K/Sr 

K/Rb 
Ba/Sr 
Rb/Sr 
Zr/Cr 
Zr/Nb 
Zr/Ba 
Ti/P 
Ti/Zr 
Ti/Sc 

Table 2. Trace element chemistry 

OPB 

4,9 

� 
48 

134 

n 

85 

7000 
1'200 

252 
144 
45 

317 

o.6&
11.3 

0.05 
0.61 

111 
-11

35

12

340
0.36 

0.037 

0.27 
7.7 
1.75 

14 

22 
175 

1'1 
60 

HO 

265 

16 

110 
11000 

1700 
230 
80 
35 

180 

9J ST 

22 
32 

265 
290 

t5 
185 

'T6200 
1500 
205· 
195 
46 

290 

Geoohemical parameters 

O.bO
6.5 

0.00 
0.55 

1'12 
- 23

34

14

335 

0.42 
0.042 
0.6,1 
6.9 
1.0 

9.1 
61 

380 

0.60 
4.0 
0.12 
0.54 

107 
- 26

20
19

245 
0.91 
0.016 

o.64

1'2.3 
0.7 

10.6 
56 

600 

CON TH 

22 
7 

246 

328 
13 

137 
9700 
1'356 

251 
134 

48 

168 

0.55 
7.9 
0.19 

0.49 
124 

- 3
28
21

315 

o.75

0.067

0.81 
'

T

0.5 
0.56 

1 o. 1 
58 

325 

'1.1 RH-
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fig. 1 Average REE contents of Variscan initialites (Dth' RH, and D+Sp, ST)

and of OFB normalized to chondrites. 

For oomparison: Spilites end alkali-diabases (Sp+D
8P
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potassium-spilitea (KSp, RH) of the Elbingerode alkaline rock euite. 

For each rook t;ype the normalized mean value is plotted at the margins. 
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Table 3. REE geochemiatry (ppm) Relation to 00N TH 

0FB gj RH i ST 00N TH 0FB � RH i ST 

La 5.5 13 17 15 2.73 1.15 0.88 

Ce 15.6 24.5 39 32.9 2.1 1.34 0.84 

Pr 1.3 (4.35) (5.6) 4.7 3.6 (1.08) (0.84) 

Nd 11.8 20 26.6 18.9 1.6 0.95 0.71 

Sm 3.05 4.4 5.5 4.9 1.6 1.11 0.89 

Eu 1.11 1.? 1.8 1.5 1.35 0.88 o.83

Gd 4.6 (5.2) (6.1) 5.5 1.2 (1.06) (0.90)

Tb o.61 0.72 0.7? 1.2 1.97 1.67 1.56

Dy 5.95 (4.3) (4.5) 4.9 0.82 (1.14) (1.09)

Ho (1.3) (0.93) (0.95) 1.3 (1.0) (1.4) (1.37)

Er 3.38 (2.45) (2.5) 2.8 0.83 (1.14) (1.12)

Tm 0.41 (0.35) (0.36) 0.46 1.12 (1.31) (1.28)

Yb 3.29 1.85 1.9 2.6 0.79 1.4 1.37

Lu 0.40 0.39 0.46 0.46 1.15 1.18 1.0

E REE 58 84 113 97 1.67 1.15 0.86

Sc 40 29 27 30 0.75 1.03 1.11 

Ta 3.0 0.9 1.0 0.5 0.17 0.55 0.5 

Hf 2.0 3.6 4.2 2.5 1.25 0.7 0.6 

Th 0.75 2.2 1.9 1.8 2.4 0.82 0.95 

u ·0.12 0.62 0.7 0.5 4.2 0.81 0.71 

Geochemical paramete�s 

LREE/HRE 1.?? 3.7 4.85 3.7 

La/Sm 1.8 2.95 3.1 3.05 

La/Yb 1.67 7.05 8.95 5.75 

Ce/Yb 4.75 13.2 20.5 12.7 

Sm/Yb 0.93 2.4 2.9 1.9 

Yb/Tb 5.4 2.55 2.45 2.15 

Zr/REE 1.46 1.31 1.64 1.41 

Zr/Hf 42 38 44 55 

Nb/Ta 3.7 18 15 26 

Nb/Th 14.7 7.3 7.9 7.2 

Hf/Ta 0.6? 1.65 2.2 1.4 

Hf/Th 2.6? 1.65 2.2 1.4 

Tb/U 6.25 3.55 2.7 3.6 

Tb/Ta o.·25 2.45 1.9 3.6 

Ta/Tb 4.9 1.25_ 1.3 0.42 
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4. Depth level of the partial Mantle anatexis

After WEDEPOHL (1981) the OFB magmas were formed with an average of 15 % mantle 
material mobilized by partial anatexis for P,T at 10 kb, 1300 °c, corresponding to 

a depth of roughly 30 km, the Moho being placed ~5 km beneath sea-floor. 

For the anatexis of the "Deckdiabas" magmas of the RH - the same holde true for 
the other diabase-spilite rocke of "� RH" too - we have derived (RÖSLER & WERNER, 
1979a) P wi th ~ 15 kb, corresponding 45-50 km depth (and a Moho level of N 25 km), 
and for the initial magmas of the ST P = 15-20 kb, corresponding 50-70 km (Moho 
level rv 30 km). The Ti and P values (CHAZEN & VOGEL, 1974) are in keeping with this 
trend (� ST > 95 RH > OFB), as well as the lower Al2o3 contents of the 0 ST.

Furthermore it is remarkable, that the present Moho level lies the deeper, the 
deeper the anatectic range for the corresponding magmas can be assumed. The signi
ficantly larger depths of the anatectic zones for the ini tia.l magmas of RH and ST 
exclusively taken into consideration, of course, are not yet a proof for their 
origin within a continental lithosphere plate. But they emphasize this statement, 
deduced from geologic observations and petro-geochemical data. The thickness of the 
continental crust wit�in the Variscides amounts to 25-30 km, however, it is smaller 
- end this holds true for other geosynclinal zones too - than in platform or shield
regions (40-45 km). Hence it corresponds to the "subcontinental crust" after RONOV &
YAROSHEVSKIY (1967), end to the "shelf crust" in the sense of BRAUSE (1979), re-
spe cti vely.
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Contributions to Initial magmatism of the Saxothuringian zone 

(Vogtlandian synclinorium) 

MANFRED HAUPT, WOLFGANG KRAMER and GUNDULA NOACK 

Beiträge zum initialen Magmatismus des Saxothuringikum 

(Vogtländisches Synklinorium) 

Z u s a m m e n f a s s u n g 

Insbesondere magnetische Messungen bestätigen die Bindung der magmatischen Haupt

förderzone des vogtländischen Synklinoriums an NE-SW-streichende tektonische Elemente 

sowie die Längserstreckung einer Reihe von Basitkörpern in dieser Richtung und quer 

dazu, deh., es bestehen eindeutige Beziehungen zu Bruchstrukturen. Damit ergibt sich 

ein wesentliches Faktum für die autochthone Lagerung der initialen Magmatite. 

Der Diabas/Pikrit-Körper von Neuensalz ist ein typisches Beispiel für devonische, 

differenzierte Lagergänge im Bereich des vogtländischen Synklinoriums und im Prinzip 

des gesamten westlichen Teils der Zentralsächsischen Zone. Das Auftreten kumulativer 

Plagioklasbildungen, der hohe Differentiationsgrad und Chemismusunterschiede zu typi

schen Mantelultrabasiten befestigen die Meinung, daß es sich bei den ultrabasischen 

Gliedern der "Initialite11 nicht um Mantelderivate im engeren Sinne, sondern um ein 

Differentiationsprodukt basaltischer Mantelmagmen handelt. Jedoch bestehen hinsicht

lich der erhöhten Phosphor- und Titangehalte in den Xenolithen tertiärer Basalte des 

Erzgebirges und der devonischen Basite in der nördlich angrenzenden Zone geochemische 

und evtl. petrogenetische Beziehungen. 

Eine Abschätzung der Bildungsparameter der Peridotit-Xenolithe läßt den Schluß zu, 

daß deren metamorphe Mineralparagenese unter den Bedingungen einer ozeanischen Geo

therme geprägt wurde. Damit sind im Bereich des Saxothuringikum während des Altpaläo

zoikum bzw. Präkambrium auch aus dieser Sicht ozeanische Krustenabschnitte nicht aus

zuschließen. 

Articles qui concernent le magmatisme initiale du Saxothuringicum 

R e s u m fl 

Ce sont en particulier des mesurages magnfltiques qui confirment aussi la liason de 
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la zone d'extraction magmatique principale du synclinorium de Vogtland avec des elements 

qui se df!roulent du NE a SW que l'existence d'une s6rie·des corps minflraux basiques. 

Cette existence on peut observer en direction dtlja dite en haut mais aussi en travers 
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a cela. 9a veut dire: Il y a, sans ambiguite, des relations a des structures de brise
ment. Par la, un fait substantiel en resulte pour le gisement autochthone des magmatites 
initiales. 

Le corps minerale nomme Diabas/Pikrit de Neuensalz figure un exemple typique des 
filons devoniques et differentielles situes dans la region du Synclinorium de Vogtland 
et - en principe - dans la region de toute la partie occidentale de la zone en Saxe 
central. Ce sont l'existence des plagioclas cumulatifs, la haute mesure de differentia
tion et aussi des differences en chimisme en comparaison avec des ultrabasites typiques 
d'ecorce terrestre qui confirment notre avis qu'il s'agit ici d'un produit de differentia
tion des magmas basaltiques d'ecorce terrestre. Alors, les chainons des "initialites" 
ultrabasiques ne sont pas, au sens etroit, des derivates de l'ecorce terrestre. Mais, 
concernent les hauts taux de phosphore et de titane dans les xenolithes des basaltes 
en Erzgebirge et concernant aussi les basites devoniques dans la zone voisine du nord, 
il faut dire qu'il y a des relations geochimiques et - peutetre - petrogenetiques. 

Voyant les dates d'origin nous estimons que la paragenese minerale des xenolithes 
peridotites a ete destinee par une geotherme oceanique. Par la, il n'est pas impossible 
qu'il y a aussi des segments oceaniques de croute dans la region du Saxothuringicum 
pendant le temps de vieux paläocoicum ou bien pendant le precambrium. 

IlpHMeqaHHH K lriHlriUlri8JII>HOMY MarMaTH8MY CaKCOTIDPlriHrCKO� SOHN 

(�orTJIHH'ACKOro ClriHKJllriHOplriH) 

3 a K n w q e H lri H 

B qacTHOCTlri MarHHTHble lri8MepeHHH IlOÄTBeP*ÄaIDT coe�HH0Hlrie rnaBHO� IlOÄ�eMHOä 80HY 

�orTJifiHÄCKOro ClriHKJllriHOPlrifl K CeBepo-BOCTQqHo - roro-aanaÄHO npOCTHparomHM T8KTOHH

qecKlriM 8JI8M8HT8.M lri IlPO'AOJII>HOe npoTH�eHHe paaHblX OCHOBHYX TeJI B 8TO HanpaBJI0Hlrie ff 

nonepeK K HeMy, T.e. cymeCTBYIDT flCHble OTHOW8HlriH K paapblBHblM CTPYKTypa.M. TaKlriM 

o6pa80M nonyqaeTCH Ba*Hbl� qJ8KT 8BTOXTOHHOro aaneraHJriß lriHlriUlri8JII>HblX MarMaTHTOB. 

�lria6aaOBO-IllriKplriTOB08 TeJIO B Ho�eH88JII>� flBJIHeTCH TlriilJriqecKHM npHMepOM Ä8BOHCKlriX, 

ÄlriqiqiepeHUlriPOB8HHhlX nnaCTOBhlX �lriJI B o6naCTlri �OrTJIHHÄCKOro ClriHKJllriHOplriH 1ri B nplriHUHile 

BCe� aanaÄHo� qacTH UettTpan:r,ttoM CaKCOHCKO� aoHbl. BbicTynnettHe KyMynaTlriBHhlX nnarHo

KnasoBblX oöpasoBaHHM, BblCOKaH CTerreHI> ÄlriqJqiepeHUlri8Ulrilri 1ri pasHOCTlri XlriMlri3Ma rro cpaBH8HlriID 

C TlrirrHqecKlriMlri M8HTlriMHb1Mlri YJII>Tpa6881riT8Mlri Il0ÄTB8P*'A8IDT MH8Hlrie, qTo YJII>TP80CHOBHhle 

qneHbl 11 1riHlriUlri8JllriTOB11 He M8HTlriMHbl8 Ä8PlriB8Tbl B YSKOM CMblCJie, a IlPO'AJlCT 'AlriqJq>epeHUlri8Ulrilri

6aaaJII>TOBblX M8HTlri�HblX MarM. 
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Ü�H&KO IlO OTHOW8HHD K IlOBHWeHHYM WOOWOPHYU H THTSHOBHM OO'Aep&BHHßY B K08HORHT8X 

TP8THQHYX 6aaan�Tax PY'AHH.X rop H 'A6BOHOKHX OOHOBHHX IlOPO'A B 80He, H8XO'AHmeMoß 

Ha oeBepaoM rpaHHUe oymeoTBYIDT reOXHMHQ60KHe H npH onyqae neTporeHHYe OTHOW8HHß. 

OueHK8 napaue�pOB �OPMBUHH Il8PH'AOTHT-K08HORHTOB 'AOilYOKBeT BYBO'A, QTO MX ueTauop

�HQeOKHM MHHepan�HNM napareH88HO 6Hn 008'ABH IlO'A BRHHHH8M OK88HOKOM reoTepMHH. 

HuaK B CaKOOTEPHHrOKOM 30He BO Bp8Mß HHEHenaneoaoMoKoro HRH 'AOKeY6pHMOKOro nepH

O'AOB TBKEe C 8TOM TOQKH apeHMH OKeaHHQ8CKMe yqacTKM 88MHOM KOPH He KCKRIDQ88MN. 

By stimulations obtained during field work in spring 1981 and by new data we were 

caused to do additional assertions on Upper Devonian mafic magmatism of the Vogtlandian 

synclinorium. They are to confirm our conception on the geotectonic position of "ini

tialites" and on crustification in the Saxothuringian zone from geophysical, geochemical 

and petrological point of view.

With regard to t-heir geochemical properties the mafic initial magmatites (diabases 

and basaltic "spilites") are transition types between oceanic and typical continental 

basalts. They belong to an extensive volcanism in trough regions with sialic but thin 

crust between local crystalline blocks. This coincides with conceptions of a Central 

European "shelf crust" (cf. BRAUSE, 1979) and "block mosaik". 

1. Gravity and magnetic measurements

The results of regional and reconnaissance gravity measurements with an average 

point distance of 300 m are dominated by regional minima which reflect the updoming 

of granites. The density of granites is 2620 kg/m3 ; the density of the surrounding

phyllites is 2780 kg/m3 • In western direction the ascent to the positive gravity ano

maly of the Münchberg gneiss massif becomes evident. The gradients on the margins of 

the minima reflect deep fault zones, partly with regional extension. They influence 

the position of granite domes (fig. 1). The gravimetric flanke and the gradient con

nected with them are an image of the Central Saxonian zone where is sit-uated the 

positive anomaly zone, too (proved by magnetic investigations). 

The regional magnetic measurements revealed a NE/SW striking anomaly, i.e. a maxi

mum with submaxima of different strike (fig. 2), the cause of which are diabase in

trusions. The submaxima represent diabase bodies or diabase conglomerates. The sur

rounding phyllites are expressed by a uniform magnetic field level. Small anomalies 

in the eastern part of the investigated area are due to magnetic quartzites. According 

to susceptibility measurements on rock samples the magnetic properties of the rocks in 

southwestern Vogtland are the following: 

- diabase and partly spilite - high magnetization

- spilitic tuff and sediments - low magnetization.

Magnetic anomalies in the western Vogtland are caused by spilites, diabases and magnetite 

quartzites. The separation of spilitic tuff and weakly magnetized wall rocks is not pos

aible. 
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Tbe example shown in fig. , exhibits a maximum in the central part which can be ex

plained by an extensive differentiated coarse-grained diabase extending to the NE-part 

of the area. Narrow elongated minimum and maximum zones may be caused by tectonic faulte. 

One can observe a dominance of the NW/SE direction. Relatively short cross faulte are 

expressed by stretched and displaced anomalies. 

Tbe minimum areas are interpreted as tuffs or Devonian sediments. Tbe diabase stocke 

are not tectonically affected, thus the faulte only occur along the margins of maxima. 

With regard to ore prospecting the magnetic surveys in the Vogtland are of importance, 

because the ore veins are controlled by longitudinal extension of stock-shaped diabase 

intrusions. 

2. On the geochemical characterization of basaltic rocke

Basaltic rocks - especially diabases (including differentiated diabase/picrite bodies)

and basaltic (and andesitic) spilites and tuffs make up the main part of Upper Devonian 

magmatites. 

In the correlation diagrams Na2o + K2o/Sio2 and FeO: Mg0/Si02 (fig. 4) the variabili

ty range of the chemism of this rock series can be illustrated. The uninterrupted transi

tions between basaltic and andesitic constituents characterize them as cogenetic forma

tions. In fig. 4, the material variance - conditioned by differentiation on the one band 

and by various alteration processes on the other - is illustrated, too. Concerning tak

ing and selection of samples resp., questions of alteration have particularly been taken 

into consideration. 

Correlation inv·estigations, Cluster-R analysis and component analysis confirm the 

hitherto existing ideas about strong differentiation of mafic rocke by crystal frac

tionation (cf. KRAMER & RÖSLER, 1981): 

- MgO and Ni, Zr and Y are each together positively cori·elated very well,

but among the elements of both pairs there is a negative correlation

(fig. 5a and b).

This assertion is underlined by factor charges of the features in component 1

of component analysis (fig. 5c).

Furthermore, the striking regional significance of Ti and P2o5 is emphasized (sialic

influence resp. result of a Ti-P specialized uppermost mantle): 

- These two chemical components are correlated with Zr and Y only very weakly,

consequently not enriched in the result of fractional crystallization.

- This is also confirmed by isolated occurrence of Ti-P with relatively high factor

charge in a special component of component analysis.

. 1 
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fig. 4 Spilites and diabases of Vogtlandian synclinorium in the Na2o + K20/Si02
diagram for pillow lavas after VALLANGE (1974) and in the Feo+ /Mg0/Sio2
diagram for discrimination of tholeiiticand calc-alcali andesites after 
MIYASHIRO (1974). 
Feo+ - total iron as FeO. All data bear upon H2o+ - and co2 - free substance.
Conversion, differentiation and contamination trends are marked by arrows. 
In detail, the following processes are indicated. 
5117,4 - 5117,1: Variations by epimetamorphosis of an undifferentiated 
pillow from the core to the chlorite {glase) rim, 

1 - 3c (after RÖSLER & WERNER 1979): pillow-internal differentiation 
Samples 3a - 3c reflect the trend of a crystillization differentiation. 
Sample 2 originates from an enrichment zone for easily volatilized components 
in the upper part of the pillow. Sample 1 represents the chilling zone which 
is stressed epimetamorphically in the sense of samples 5117.1 and 5117.2. 
Pillow basalt of the Yap trench, being altered by ocean water reaction, 
serves for • comparison.. Samples I and III represent fresh glass and the 
searcely altered pillow core, sample II, however, the stronger altered 
variolite zone. 
5097 - 5257 belong to the differentiated picrite-diabase body of Neuensalz 
5017 - 5019: Contamination of an approx. 4 m thick andesitic sill by uptake 
of argillo-calcareous to arenaceous sediments. Sample 5017 has been taken approx. 
from the centre and sample 5019 from the subjacent endocontakt. 
Weatherinf of diabase in the soil C-horizon (quarry Neuensalz) the loss of
äikalies 5259.1) and calc-alkalies (increase of FeO/MgO ratio, sample 5259.2) 
is connected with increasing contents of montmorillonite. 
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fig. 6 

a) Correlation matrix
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Zr -0,367 0,318 0,042 -0.337 0,807 1,000 

b) Cluster-R- analysis
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3. The diabase/picrite body of Neuensalz as an example of a differentiated sill

Especially the v�iations of contents of olivine, plagioclase, MgO, Tio
2
, Ni and Sr 

(table 1, average analyses in table 2) indicate a high degree of differentiation of the 
diabase/picrite body, covering an area of more than 1 km2• However, the sill is very
imbrioated so that transition links of the differentiation series are missing what is 
teotonioally induced •. This is made plain by greater blanke in the correlation dia
grammes (fig. 6). 

In the oase of the differentiated sill titanium goes parallel - corresponding to 
the well-known trend of agpaitio differentiation - with the plagioclase and is rela
tively impoverished in the picrite. Nevertheless, the special role of titanium, stres
sed in the preceding part, is expressed by very high absolute values of Ti02 for pic
rite. 

Chart (Tafel) 4 illustrates structure and mineralcontents of picrite. Of special 
importanoe are the cumulative plagioclase formations, being recognizable only as re
lic.t fabric after the thorough chloritization and amphibolitization of the whole ultra
basic body. The olivine has been converted completely into a Fe-chlorite, the pyroxene 
shows a beginning amphibolitization. 

On one hand, the diabase connected with the picrite has a chemism which deviates 
from the diabase average (low values for Al

2
o3, K2o, u, Zr and relatively high values

for Cr and Cu, cf. tab. 2); on the other band, the picrite of the sill differs very 
distinctly from lherzolite-xenolithes from Tertiary basalts of the neighbouring Erz
gebirge anticlinal zone. The peridotite-xenolithes for their part have close chemism 

relations to serpentinites of the Erzgebirge. 

Sample Depth in m MgO Na2o Ti02 Ni Sr Primary oomposition 

Olivine Pyroxene Plagio-
clase 

� + 46 5 8,4 2,7 2,50 200 440 6 33 26 
42 10 11,3 2,0 1,65 340 150 10 25 25 
51 15 20,0 o,24 o,62 400 23 27 36 

52 - 56 30 24,5 "'o, 1 0,49 1090 15 47 27 1 - 5 

Table 1 Variation of chemism and mineral contents in the diabase/picrite body 

of Neuensalz. The modal contents was determined by combination of 

microscopic integration and x-ray phase analysis 
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n 
Si02
Ti02
Al203 
Fe2o3

Fe0 

Mn0 

MgO 
0a0 

N�0 

K2o
P205 
H2o+
002

Sr 
Ba 
Ni 
Cr 
V 

Co 
Cu 
Zr 
y 

Ga 
Sn 
Li 

D i aba s e
1 2 

16 
45,8 
3,7 

13,2 
2,6 

10,9 

3 
4?,8 
2,? 
8,1 

13,2+ 

0,21 0,19 
8,2 9,1 
6,4 10,3 
2,? 2,3 
0,64 0,26 
0,37 

4,0 

0,6 

230 

210 

250 
230 
250 
52 
54 

230 
23 
22 
19 

345 
270 
245 
865 
160 
36 

210 

130 

26 
18 
15 
34 

Picrite 
3 

6 
41,0 

1,7 
5,3 
3,0 

9,7 
0,16 

22,4 
7,6 
0,25 
0,1 
0,19 
7,2 

0,2 

22 
9 

1050 

1050 
95 
65 
95 
73 
19 
8 

14 
44 

4 

3 
43,6 

0,063 
1,4 

8,3+ 

0,11 
37,8 
2,2 

0,027 

25 
6 

2200 

2600 
35 
72 
27 
19 

4 

Peridotite / Serpentinite 
5 6 7 

4 
45,7 

0,020 

1,0 

0,12 
39,9 

2,0 

0,013 

�3
2500

3700 

30 

76 
14 
16 

5 

12 
38,9 

0,085 
2,85 
5,0 

2,9 
0,11 

36,6 
1,85 
0,15 
0,04 
0,08 

10,8 

20 
2100

2100 
33 
90 

24 
~15 

11 
3?,6 

0,032 
0,45 
5,25 

2,75 
0,11 

38,2 
0,35 
0,023 
0,014 
0,028 

13,9 

32 
2200 
2270 

30 
120 

25 
(30) 

+ t Fe as Fe0

Table 2 Chemism of Vogtlandian diabases and picrite of Neuensalz for comparison 
with peridotites of Saxothuringian 
1 - average for Vogtlandian diabases; 2 - diabase of the picrite/diabase 
bod.y of Neuensalz; 3 - picrite, Neuensalz; 4 - peridotite-xenolithes, 
Erzgebirge mountains; 5 -.peridotite-xenolithes, Lusatia; 6 - garnet
lherzolite , serpentinized, Erzgebirge (WERNER, 1981) 

4. On petrological significance of lherzolite-xenolithes and crustal developement

Geothermometric and geobarometric investigations (SEIFERT et al., in preparation)
of peridotite-xenolithes on the base of solubility of 0aSio3 in enstatite (LINDSLEY &
DIX0N, 1976), and of the peridotite-chemism (0'HARA, M.J. et al., 1971) yielded for

73 

the present T = 1050-1300 °c and P � 20 kbar for spinel-peridotites from alkali base.lts 
of the Erzgebirge and Lusatian anticlinal zone. 

According to this the olivine parageneses and garnetiferous pyroxenites of the 
granulite and Erzgebirge mountains (cf. WERNER �981 andDOBRETS0V 1982) originated under 
conditions of an oceanic geotherme in the upper mantle. But such conditions prevailed 
earliest in deep Lower Paleozoic or Precambrian. These results confirm our searching 
for ophiolites as witnesses of former oceanic crustal segments in Central Europe dur
ing predevonian stages of development. 
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A comparison of peridotite-xenolithes of the Erzgebirge mountains with those of 

Lusatia (tab. 2) is interesting. The xenolithes of the Erzgebirge mountains distinguish 

themselves by distinctly higher contents of Ti and P. There are relations to the Ti-, P

specialized Devonian initialites of Central Saxonian zone at the northern edge of the 

Erzgebirge anticlinal zone to which belong also the Vogtlandian volcanites (cf. dia

bases in tab. 2 and chapter ;). As ultramafic original materiale for these basaltic 

magmas Ti-/P-rich mantle peridotites are to be discussed. 

Nevertheless we will underline the narrow chemical relation between peridotite-xeno

lites and serpentinites (tab. 2). So we can regard these peridotite of mantle xenolithes 

as the primary material of serpentinites (garnet-lherzolites). 

5. Conclusions

Particularly magnetic measurements confirm the bond of the magmatic main hoisting 

zone of Vogtlandian synclinorium to NE-SW striking tectonic elements and the longitu

dinal stretching of a number of mafic bodies in this direction and across to it, i.e. 

there are existing clear relations to fault structures. Thus an essential evidence for 

the autochthonous position of initial magmatites. 

The diabase/picrite body of Neuensalz is a typical example of Devonian, differentiat

ed sills in the region of the Vogtlandian synclinorium and on principle of the whole 

western part of Central Saxonian zone. The occurrence of cumulative plagioclase forma

tions, the high degree of differentiation and chemism differences to typical mantle 

ultrabasites confirm our opinion that the ultramafic constituents of "initialites" are 

not mantle derivates in a narrower sense but a differentiation product of basaltic 

mantle magmas. With regard to increased contents of phosphor and titanium in the xeno

lithes of Tertiary basalts of the Erzgebirge mountains and the Devonian basites in the 

northerly adjacent zone, however, there are geochemical and possibly petrogenetic rela

tions. 

By estimation of formation parameters of the peridotite-xenolithes it is possible 

to draw the conclusion that their metamorphous mineral paragenesis was coined under 

the conditions of an oceanic geotherme. Thus in the Saxothuringian oceanic crustal seg

ments cannot be excluded from this point of view, too, during Precambrian. 
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Final remarke on field work and eeesione of the Problem Commieeion IX, Subcommieeion 2, 
in 19B1.under the theme 

0PHI0LITES AND INITIALITES 0F NORTHERN B0RDER 0F THE B0HEMIAN MASSIF 

Collective of authors 

After field work predominantly in type areas of the ophiolite aesociation eub
commiesion 2 was engaged in regions of Central Europe because in the Variecan folded 
zones eeveral baeite-ultrabasite occurencee w-ith features of the ophiolite aseo
ciation are known. 

Correeponding to the themes of subcommiesion 2 in 1981 inveetigatione were carried 
out on the territories of GDR and People's Republic of Poland, repreeenting a dlrect 
continuation of works done in CSSR (Bohemian Massif) in 1980. 

1. Initialitee and eedimentitee in the Middle and LowerHartz (Rheno-Herc:ynian zone)

The Rheno-Hercynfan zone differe clearly from the Saxo-Thuringian one with reepect 
to structural style, lithology, and initial magmatiem. The main featuree of the geo
logy of the Hartz Mountaine are 

1 - the position within a geoeynclinal zone between the Central German 
cryetalline r.idge and the shelf zone of the 0ld Red continen t wi th 
a central ridge and eome smaller ewells, 

2 - the different development of the ini tie.l magmatiem at the flanke of the 
central ridge (Elbingerode complex), and the northweetern flank of the 
Central German crystalline zone (Wippra u·ni t and Stiege nappes volcanism), 

3 - the sedimentation regime with a general tendency of the displacement of 
the sediment troughs in northweetern direction with contemporaneous 
rejuvenation of the lithologic comparable sediments and the succeseion 
olistoetromee - flyech -- slide nappee. 

The initial magmatites reach up to more than 1000 metere thicknees within the 
Elbingerode complex. Hera, they etart with tholeiitee (Eifelian), than it followe a 
complete alkaline rock euite (preponderant effusive) with baeic, intermediate and 
acid rocke (diabase-epilite-keratophyre aeeociation, showing etrongly marked featuree 
of an intracontinental rift magmatiem with a predominance of high-K typee; Givetian
Fraen:tan). Finally, the tholeiitic "Deckdiabaee" took place during Dinantian time. 
The ini tiali tee of the Wippra uni t and at the base of the SUdhartz and Selke elide 
nappee are petrochemical and mineralogical equal and of Givetian-Frasnian age. The 
Lower Carboniferoue 11Deckdiabase" have mainly a calc-alkaline trend. Beeidee it, there 
are initialite olietolithe of both the Devonian magmatic groupe in the Lower Hartz 
olietostromee. 
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According to tectonice, lithology, and initial magmatiem the Rheno-Hercynian zone 

ie interpreted es an intra-oontinental tephro-geoeyncline with a poesible subfluenoe 

in the range of the Central German c'rystalline zone. All the hitherto exieting modele 

for a plete tectonicel interpretetion by some authors ere not in agreement with the 

actual geologic eituetion. 

2. Upper Devonian initial megmatio series of the Eeetern Thuringien-Vogtlandian.

eynolinorium (Sexo-Thuringien zone)

East nturingian end Vogtlendien subsynolinorie ere typioel ereas for the teotono

megmatic development in Upper Devonien. Baseltoides end endesitoid spilitee end their 

tuffe, diabasee end - in the Vogtland - keratophyree ere the most important megmetic 
products. The chemism of the baseltoides of both eynclinee ie in good corres�ondence 

end charecterizee the megmatites es transitional types resp. continentel tholeiitee. 

Remarkeble ere especially the differentiated sills with cumuletive ultre

basites (picritee), the pillow-internal differentiated pillow laves of Vogtland and 

the East Thuringien Fe-ores of Lahn-Dill type. 

By oonnection to the NW-SE striking Central Sexonien zone end parallel end across 

to it running fault struoture elements which is confirmed by geophysical investige

tione, the megmatism proved to be checked with respect to fraoture tectonics. The 

magmetic ectivities ere parallel to uplifts (formation of swells) in the Upper 

Devonian shallow sea end e limestone sedimentation (nodular limestone) in the non

volcenic northwestern marginal regions of East Thuringia. 

The Eaet 'l'huringia-Vogtland syncline has developed itself on e eielic besement 

whet is indiceted by grenitoid pebble et the bese of the Upper Devonien volcenic 

rock series end by the eielic origin of the keretophyres. This situation end the 

geoohemical chareoter of mefic rocke indicate the Upper Devonian initial magmetism 

es tectonomagmatic ectivity in zones of weekness with reletively small crustal thick

ness among elreedy formerly consolidated continental blocke. 

3. Saxonian Granulite Maseif end intermediete maeeife

In the Saxonian Granulite Maeeif the mein subject was to demonetrate the differenoes 

of the etructural style, the metemorphic grade end the age between the intra-grenulitic 

beeic-ultrebaeic rock essociation end the ophiolite euite ebove the grenulite complex. 

Within the grenulite body t�ree superimposed sequences cen be held out. Eech one starte 

with gernet-ultramefics, over them follow basic to intermediate volcenice in granulite 

tacies, end then rhyodacitic-rhyolitic leuoo-grenulites, partly interbedded with pere

.gene granulites. Similarities to the upper parts of the greenstone belte ot the old 

&hfelds are not to overlook, but for some workers an interpretation of the garnet

ultramefics es tectonicelly trensported mantle fregments ie tavoured. Por the whole 

rock eeeociation including the ultrametice a joint granulite facies metamorphism is 

accepted, repeatedly overprinted by retrogreseive evente, however. Prom the age poei-
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tion of the paleo-weathering zone and their independent metamorphism it can be in
fered to a deep Proterozoic to late Archeaen age of the initial material. 

In the roof of the granulite complex an obducted complete ophiolite association 
(dunites, harzburgites, gabbros, basalts) of proba�ly Upper Riphean age occur. With

in the Frankenberg and Wildenfels intermediate massifs there are maintained larger 
parts of the layers 1 und 2 of the form.er oceanic crust, which can be parallelized 

lithostratigraphically with the Upper Riphean of the Erzgebirge mountains. The probab
ly Cambrian prasini te series of the Frankenberg median mass correspond p_etrochemically 

to a complete island-arc volcanics association (tholeiitic-calcalkaline-shoshonitic). 

Therefore," an Upper Riphean oceanic development, is postulated. Their witnesses· are 

traceable between the MUnchberg m·ass and the Elbe zone, as - in eastern prolongation -
in the edge of the G6ry Sowie and probably in the Letovice complex, too. The continua
tion in southwestern direction is covered by thick Mesozoic sediments beyond the 
Franconian line. 

4. Circum-Karkonosze initial volcanic rock series (spilite-keratophyre suites)

Middle- to Upper-Cambrian spilite-ker.atophyre series of the Gory Kaczawskie Mts. 
consists of greenschists, spilites, pillow laves, baseltic tuffs and breccias, es 
well es subordinate ecid pyroclasts and lavas. Recent detailed studies indicate that 
this volcanic series does not overlay the Lower to Middle Cambrian Wojcieszow lime

stones since the latter sediments are generally developed es isolated, usually lenti

cular bodies within meta�olcanics, being the product of deposition at elevated zones 
of sea floor. This conclusion is consistent with geochemical character of metabasic 

rocke of the series, corresponding to intraplate oceanic-island basalts. Following 

plate-tectonic model of ZWART & DORNSIEPEN, this intraplate volcanic initial activity 

could be connected with Early Paleozoic mantle plums and small-scale rifting within 
ver.y mobile Variscan belt. Keratophyres of the series in question are, at least part

ly (e.g. pyroclasts), coeval with basic members. Contrary to spilites they are pre

dominantly potassic, except of pillowed and some tuffaceous varieties. 

The tectonic of the complex in question is very complicated. Several well docu
mented overthrusts, nappes and olisthostromes indicate allochtonous position of the 
volcanic suite. Besides, the whole G. Kaczawskie unit is separated from adjacent ones 

usuelly by faulte. 

Some ellochtonism is also observed in probably Silurian spilite-keretophyre suite 
of the Rudewy Janowickie-Lesocki Grzebiet range, occurring within the S-SE metemorphic 

cover of the Karkonosze granite massif. This association consists of metadiabases, 

spilites, albite and zoisite amphibolites, greenschists, keratophyres and hypebyssel 
enatectic acid rocke called Paczyn gneisses. Both extrusive and intrusive acid rocke 
in question are predominantly sodic in composition. It is very important that mete
basic rocke of this suite correspond geochemically to island-erc tholeiites. More

over, the preeence of traces of stilpnomelane end gleucophane schiste is typical for 
a subduction zone. Coneequently, the spilite-keratophyre series in queetion can merk 

an ancient microplate boundary. 
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5. Ultrebaeite-beeite bodiee eurrounding the G6ry Sowie Mte. block

The baeite and ultrabaeite around the Gory Sowie block were the centre of intereet
of field work in the Sudetes. The Szklary eerpentinite maeeif with depoeite of ee
condary nickel minerale, the Braezowice-Grochowe ultrebaeite-gabbro complex and the 
Nowa Ruda gabbro cumulatee and diabaeee belong to it. Recently found pillow lavae 
of thie complex �re overturned. 

Metabaeic rocke of the K�odzko metamorphic unit, neighbouring directly with the 
Nowa Ruda complex, reeemble geochemically recent ocean-floor beeelts. Coneequently, 
they are differing in peleotectonic setting from probably coevel metabaeitee of the 
Rudawy Janowickie-Laeocki Grzebiet range. 

Very intereeting ere some rather emall but important chaotic complexee of the 
edjacent G6ry Bardzkie Mts. unit, containing fragmente of ultrebeeic and basic rocke. 

Some Polieh geologiete still coneider the diecueeed baeite-ultrabaeite bodiee ae 
tectonic diapiric protrueione, emplaced along deep frecturee developed at the margine 
of rigid G. Sowie Mts. block. However, theee bodiee ehow diet.inct features of their 
allochthonous poeition. They are euppoeed to repreeent fragmente of coneiderably older 
(Precambrian):, oceanic cruet subjected not only to vertical but also to dietinct ho:zri
zontal transport. Consequently, eome of them can be tentatively interpreted 8B ophio
lite eeries. 

The moet complete association of this type is that of the Sl�za Mts. group ( or So
b6tka maeeif), recently examined in detail by MAJEROWICZ. No relice of continental 
crust are obeerved in this euite. 

From the underlying bed to the hanging it ie c9mpoeed 88 followe: 

1. Metamorphic ultrab8sitee (8mong othere dunitee, wehrlitee, h8rzburgitee,
pyroxenitee) with Chromite mineralization end indic8tors of a calcium met8-
eomatoeie (rodingite), predominating over the mafic rocke coneiderably

2. G'abbro complex (cumulative and taxitic gabbroe, frequently altered into
flaeer gabbro)

3. "Sheeted-dike"-complex - amphibolitee (ehowing eome geochemical featuree
of ocean-floor baealte)

4. Radiolarite and eiliceous elates.

Greenechiete occurring in the adjacent region (Imbramowice) may repreeent the
lacking or oompletely denudeted here uppermoet volcanic member of the suite. 

Most of Central European co-workere of eubcommieeion 2 coneider the Variscan oro
genetic areae of Centrel Europe fold complexee, modified by old (Precambrian to Lower 
Pelaeozofc consolideted)1 partial blocke between the Bohemien meesif end the Eaetern 
European pletform, whioh are characterized by initial end subsequent magmatic activa
tion. In thie connection the terme "initialitee" end "epilite-diabeee-keratophyre 
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formation" should stand (quite apart from the actual petrographic diecrimination and 
claeeification of voloanic rocke) for the geotectonic etate. Up to now reeults of the 
international dieouesion on epilitee do not allow to attribute to the term "epilite" 
an unambiguouely petrogenetic content,s, 

6. Conclusions of the protokol

During field work and seesions the following basic probleme were discueeed: 

A. 0rigin and situation of highly metamorphic ultrabaeitee
in granulite complexes.

B. 0rigin of rocke of the ophiolite aesociation in the
eurroundinge of granulite-gneise maeeife.

c. 0rigin and etructural-formational correspondence of rocke
of the epilite-keratophyre euites.

D. Problems of primordial pe.leogeography and regional syntheeis.

A. 

The participants of field work were shown highly metamorphic ultrabasic rocke 
(pyrope peridotitee and garnet pyroxenitee) intercalated to acid granulitee and 
gneiseee in the granu;I.ite mountains, Saxothuringian and Gtiry Sowie. These ultra
baeitee are generated under extremely high temperatures and preeeuree, correeponding 
to condi tione of the upper mantle ( T > 1000 °c, p ~ 20 kbar); and eeveral occurences 
with reaction producte reeulting from interaction between ultrabasitee and surrounding 
rocke are a epecific feature of these ultrabaeitee, too. Concerning the origin of the 
rocke there was no general agreement. 0ne part of the participants in field work con
eiders the ultrabaeic formatione deeper parte of the profile of a differentiated rock 
series which are coneiderable with the profiles of greenetone belts and occur in gra
nulite faciee. By eome other geologiete' opinione the highly metamorphic ultrabaeitee 
were tectonically traneported from the upper mantle to deep pathee of motion what ie 
finally concealed by several deformation and metamorphism stagee. 

B. 

In the framework of the granulite-gneies maesifs of the granulite mountains and 
Gory Sowie typical rocke of the ophiolite aesociation were shown. 

According to German geologists these rocke form nappes which are overridden on 
the crystalline core of the granulite mountaine. Concerning a6ry Sowie a common 
opinion could not be reached, although here, too, the view on alloohthonous poeition 
had been taken. There are s.ome reasone for the aseumption that at least in the north 
the gneiss complex of G6ry Sowie partially underlie� the ophioli�ee so that theae 
oan be alloohthonous. In the granulite mountaine the teotonic ophioli�e nappee are
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lapped by Lower Cambrian (conditionally Wendian) bede, in the eouthern framework of 
G6ry Sowie by rocke of Upper Devonian overlapping for their part poesibly Upper S1-

lurian rocke which are associated with ophiolites. The participants of field work 
could not determine whether in these regions ophiolite groups of different age are 
occuring or whether they are exclusively old ophiolites. 

c. 

In the geologic objecte preeented a host of volcanic eeries of great thickness or 
single volcanic intercalatione or bodiee oc�ure in sedimente. At least one part of 
these rocke was formed on continental cruet. These formatione are not connected with 

the ophiolites and arieed in the major period of folding in connection with which 
they are characterized already for a long time under the name "initialitee". They 
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all are attributed to the epilite and epilite-keratophyre series. According to many 
participants under this name different - in composition and origin - volcanics eeriee 

are combined (tholeiitic, alkali basaltic, and the differentiation eeriee basalt-ande

si te-daci te). They all have general characteristics like "greenstone al te.ration" 
("Vergrtinung") and redistribution of Na, K and Ca under common.enrichment of Na. In 
the course of discussions the view was taken that thie approach to attribution of 
volcanic series complicates their comparison with their Meso- to Caenozoic analogues 
and consequently the precise classification of paleogeographic source aspects, too. 

D. 

In the areae visited during field work the "claseical" Variscidee were characterized 

by many generations of geologists and many ideae on the geosynclinal theory were born. 
The exietence of numeroue maseifs, formed by high-metamorphic sialic rocke and divided 
by fold zones, naturally led to the conception on the intracontinental character of the 
geoeyncline with individual geologic history. 

Cauaed by several facts, however, another interpretation of geologio atructures and 
of evolutional history of the region is suggeeted. 

Among theee facts the occurrence of rocke of the ophiolite complex which can - in 

analogy with other regions - be attributed to relics of the oceanic lithosphere is of 
great.importance. Allochthonous position of theee rocke and also the already available 

·data on great horizontal shifte in this area (olistoetromes of Rheno-Hercynian zone, ?
Allochthonal occurrence of gneieees of G6ry Sowie and other regions) justify the
assertion that the paleogeographic reconstruction of European Variscides requires a
new analysis and synthesis on an actualized basis.
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Erläuterung der Tafeln 

Tafel I 

fig. 5 

(left above} 

fig. 6 

(right above) 

fig. 7 

(left below) 

fig. 8 

(right below) 

Tafel II 

pMC. 8 

Tafel III 

pnc. 8 

pnc. 5 

Euhedral zonal clinopyroxene. Points on :figure correspond with 

analyses in Table 2. 

Enlargement - 95 x, crossed polaroids 

Hour-glass zoning in euhedral clinopyroxene. Points on :figure 

correspond with analyaes in Table 2. 

Enlargement - 95 x, crossed polaroida 

Part of clinopyroxene phenocryst overgrowth by monoclinic amphiboles 

(dark). Points on figure correspond with analyses in Table 2. 

Enlargement - 175 x, crossed polaroids 

Fine-grained alkali basalt matrix (left part); recrystallized 

xenolith (rigth part). 

Enlargement - JO x, crossed polaroids 

Photos L. Osvald 

Ilo,nBo,nHNe woTorpawMn ,nHa oceBoß aoHN KpacHoMopcKoro PMWTa 

(paaMep IlOJIR apeHMR 8-5 M). 

a) (HaBep:xy, JieBaR CTOpOHa) ,ByJIKaHH1.18CKOe JKepJIO paaMepoM OKOJIO 8 M.

ÜKpyJKeHO nyCTOTeJINMH no�mKaMH. Ha nepe,nHeM IlJiaHe - noJiaR

IlO�WKa B WOPM8 KYBWHHa.

6) (HaBep:xy, npaBaR CTOPOHa) nyCTOTe�e JlaBOBN8 Tpy6N H HarpOMOJK,neH0e

o6pyWHBfilHXCR CT8KJIOBaTNX KOpOK B6JIH8H BYJIKaHHtleCKOro JKepJia.

SaMeT»Te B IlOJIOß Tpy6e ,nonOJIHHT8JI»HNe YPOBHH CTORHMR JiaB B BH,ne 

ropMaOHTaJI»HNX neperopo,noK. 

B) (cepe,nHHa, JieBaR CTOPOHa) aMe6oo6pa3HNe WOPMbl JiaBOBliX no�weK Ha

IlOJIOrOM CKJIOHe. B JI8BOM yrny - JIYKOBHQeo6paaHaR IlO�WKa.

r) (cepe,nHHa, npaBaR cTopoHa) ynnomeHHNe naBonNe no�wKH. Xopomo BH,n

Ha npo,nOJI»HaR H nonepe1.1HaR TpemHHOBaTOCT», BO8HHKWaR B peayJI»TaTe

,newopMaQHH CTeKJIOBaTOß O6OJIO1.IKH JI8BOBOß Tpy6N Ba C1.18T ,nBHJKymeßCH

BHYTPH Hee JiaBN,

,n) (BHHBY, JI8BaR CTOpOHa) JiaBOBN8 Tpy6N THila CJIOHOBDHX XO6OTOB, 

e) (BHHBY, npaBaR CTOPOHa) JI8BOBN8 WOPMbl TMna opraHHNX Tpy6 Ha KPYTOM

CKJIOHe BYJIK8HßqecKoß IlOCTpoßKH.

m) (HaBep:xy) aHREmaR TpemmHa - rDRP,

�oTorpawmH JiaB Hapaapeee no peKe WyJI,naK (WOTO P.A. Cere,nHHa) 

a) (cepe,nHHa) Harpouom,neHHe JiaBOBNX TPY6, xopomo BPl,nHa ceKTOpHaJIDH8R

OT,n8JIDHOOTD, HanpaBJieHHe T81.18HPIR Jl8B 6NJIO cnpaBa H8JI8BO (c BOCTOKa

Ha aana,n)

6) (BHMSY) ,1U38 ynnomeHHNe JI8BOBN8 no�mKH, coe,nPIH8HHN8 YBKOß me�Koß,

qacTD Jl8BOBOrO IlOTOKa, BNT8K8Bmero H8 JiaBOBOro MHHM-oaepa,

sanpaBJI8HH8 T81.18HHR B CTOPOHY Ha6JI�,lt8T8JIH,
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Tafel IV 

fig. 1 
(left above) 

fig, 2 

(left below) 

fig, 3 
(right above) 

fig. 4 
(right below) 

picrite of Neuensalz, chloritized olivine with mesh structure, 
Scale 40 1 1, + nicols 

picrite of Neuenaalz, above left pyroxene, above right olivine, 
below ophitic plagioclase-relict atructure, 
Scale 75 1 1, + nicols 

. . f) 
amphibolite needles in pyroxene, S��nning electron micrograph, 
scale 7500 1 1 

chloritized olivine. Scanning electron micrograph, 
scale 3800 1 1 

Scanning electron micrographs: SANDERS 
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