
regional strike . Temperatures calculated from c.oexisting garnet-biotite pairs (r im 
composition of garnet) revealed temperatures of 590 ° C  for the garnet-biotite zones 
and 590 to 620 °C for the garnet-biotite-stauro l ite zone accord ing to the model of 
HO DG ES & SPE AR ( 1 982) .  In  the absence of pressure-ind icative Al2Si05 minerals 
the overal l  pressure can be estimated based ( 1 )  on the garnet-muscovite-plag io
clase-biotite-geobarometer in the micaschists (HODGES & CROWLEY, 1 985) and (2)  
on phengite-barometry in  adjacent gneisses between 6 to 8 kbars.  The younger 
Moravian phase final ly leads to a regressive assemblage of chlorite and muscovite 
partly completely replacing garnet, biotite and staurol ite. 

40Ar/39Ar cool ing ages of white micas from orthogneisses and hornblende from 
amphibol ites range from 326 to 329 Ma (DALLMEYER et a l . ,  1 992) .  These ages are 
very weil comparable to these from the Moldanubian zone . These a re p robably d ue 
to the late amphibo l ite facies event in the Moldanubicum with PT cond itions of 5 -
6 kbars and a pproximately 500 ° C  which is sl ightly lower than the peak meta
morphic condition in the Moravian .  

The mineral  zones ( isogrades) are obl iquely cutting the l ithological boundaries i n  the 
south and in  the north of the Thaya dome. At the same t ime they show clearly an 
inverse sequence with low temperatures in  the structura l  deeper and higher 
temperatures in the structural upper parts . This inverse temperature zonation of the 
middle Moravian phase is believed to have formed together with the overthrusting 
of hat Moldanubian crustal material over the Moravian block. The obl ique strike of 
the mineral  zone in  respect to the lithological boundaries could be explained by 
differentia l  up l ift between the central part and the northern/southern a reas of the 
Moravicum. 

PREALPINE MAGMATIC AND METAMORPHIC EVOLUTION OF THE AUSTRO
. ALPINE ÖTZTAL BASEMENT IN THE KAUNERTAL AREA 

HOINKES, G . 1 , THÖNI,  M .2, BERNHARD, F. 1 , KAINDL, R. 1 , LICHEM, Ch. 1 & 
TROPPER, P . 1 

1 Institute of Mineralogy-Crystallography and Petrology, University of Graz, Austria 
2 Institute of Geology, University of Vienna, Austria 

Petrological and geochemical investigations of the pre-Alp ine magmatic and meta
morphic evolution of the Ötztal-basement were carried out in the Kaunertal area 
which was last effected by retrogression during the Alpidic orogeny. This area is 
main ly composed of quartzo-feldspatic to pelitic metasedimentary rocks with inter
calations of different concordant metagran itoid bodies and amphibolites . 

The metag ranitoids can be subd ivided i nto three groups using petrographic and geo
chemical constra ints.  These are: 
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( 1 )  Muscovite- and biotite-bearing metagranites with transitions to b iotite-free 
compositions : The characteristic geochemical features are h igh Si02- and Rb
contents of 72 - 78 wt . - %  and 1 00 - 400 ppm, respectivly.  The highest 
va lues of both Si02 and Rb characterize the biotite-free types .The total 
amount of REE ( 1 8  - 84 ppml is the lowest of all types and the (La/Yblch
ratio is 2 . 9  - 1 0 . 5 .  Both the negative Eu-anomaly and the (Sm/Ndlch-ratio 
(0. 72 - 1 . 35)  increase with the degree of d ifferentiation .  fNd-va lues are in 
the range of -4 to -6 (489 Mal and in  combination with a 61 80 of + 9 .4  ± 
1 .0 they favour a mantle influence during magma genesis.  

(2l Main ly biotite-bear ing metagranitoids: They are dominantly granodiorites with 
68 - 74 wt. - %  Si02 and are characterized by the highest CaO contents (2 -
4 wt . - % l .  They are enriched in total REE ( 1 50 - 1 90 ppml with a (La/Yblch
ratio of 8 . 5  - 1 0 . 1 . fNd-values are lower (-8 to -9, 489 Mal and s imi lar to the 
metasedimentary rocks . 

(3l  A smal l  intrusion of hornblende-bearing metagran ite with two subtypes 
conta in ing e ither c l inopyroxene and hornblende or hornblende and b iotite as 
mafic minera ls :  This type (3l  is c learly d istinguished by h igher Na20 + K20 
contents of 8 to 9 wt . - %  and high Y (65 ppml and Zr (400 - 550 ppml 
values. They show the h ighest HREE-contents result ing in  low (La/Yblch
ratios of 2 .4  - 3. 7 with a total REE amount of 1 40 - 240 ppm. fNd-values of 
+ 1 . 6 (480 Mal and 01 80 between + 5 .0  and + 6 . 6  both suggest a major 
mantle i nput. Type (3)  metagranites are probably genetically related to the 
central-Ötztal (metalbasites (MI LLER & THÖNI ,  in prep . l .  

Geochronological studies were performed to unravel the magmatic and metamor
phic evolution, using separated minerals and whole rock samples. 

207Pb/
206Pb eva

poration dating of s ingle zircons from a type (3l metagran ite resulted in a mean 
value of 48 1 ± 7 Ma which is consistent with a Sm/Nd-age of sphene (478 ± 5 
Mal from the same outcrop. These mineral ages and a Sm/Nd-whole rock errorchron 
age using ten d ifferent type (1 l metagranitoid samples of 489 ± 74 Ma most 
probably reflect a magmatic event. The Rb/Sr whole rock ages of the three d i fferent 
types vary between 454 ± 1 5  Ma (type 1 ) , 408 ± 20 Ma (type 2l and 41 7 ± 9 
Ma (type 31 and coincide with the numerous published Rb/Sr-whole rock ages from 
the Ötzta l-basement (470 - 420 Mal .  

A Sm/Nd-age o f  apatite (429 ± 8 Ma) from a type ( 1  l metagran ite a n d  a Rb/Sr-age 
from coarse grained ( > 1 mm) muscovite (435 ± 8 Ma) fal l with in  the same age 
group which most probably dates the Caledonian metamorphic i::vent .  These ages 
coincide with Rb/Sr-data of migmatites from the central Ötztal area (CHOWANETZ, 
1 990) . 

Rb/Sr- and Ar/Ar-cool ing ages of white micas (300 - 330 Mal as wei l  as Sm/Nd
ages of garnet from metapel ites (330 - 345 Mal ind icate a high grade Variscan 
metamorph ic episode which produced the dominant mineral  assemblages in  the 
study area. 

The Variscan metamorphic conditions are best derived from the minera l  assem
blages in  the metapel ites. The KFMASH assemblage Gt-Sta-Ky-Bio-Mus-Plg-Ou was 
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used to derive P-T-conditions applying multiequi l ibrium methods (TWEEOU accor
ding to BERMAN, 1 99 1 ) and conventional geothermobarometers, result ing in 570 -
650 ° C  and 5 . 5  - 7 kbar. Nonequi l ibr ium textures as ( 1 ) continuous chemical zoning 
of garnets, (2 )  the replacement of garnet by biotite and fibrol ite and (3)  the growth 
of porphyroblasts of andalus ite including kyanite and fibrol ite are typical and were 
used to constra in  the P-T-path during P-release: Appl ication of the Gibb's method 
(SPEAR, 1 99 1 ) shows a prograde growth of garnet with decreasing P. Ouantifica
tion of the garnet breakdown using the SGAM-geothermobarometer (McMULLIN, 
1 99 1 )  revealed temperatures of 550 - 600 °C and rather low pressures of about 4 
kbar. Andalusite formation is thought to represent the final ind ication of the 
Variscan P-T-evolution .  

I n  summary, the  magmatic and metamc:irphic evolution of the  western Ötztal base
ment is characterized by an emplacement of acid magmatic rocks fol lowed by high 
temperature metamorphism lead ing partly to migmatization d uring the Caledonian 
event. The dominant metamorphic overprint occurred dur ing the Variscan orogeny 
which is characterized by a P-T-evolution from eclogite- to amphibol ite-facies con
d itions . 
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were kindly provided by Prof. S. Hoernes (61 80), Dr. H.R .  Pfeiffer (RFA), Dr. U. Klötzli (
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MODELLING O F  MAGNETIC ANOMAL V SOURCES I N  THE AREA O F  LIEBENAU 
AND ITS IMPLICATIONS 

HÜBL, G„ SLAPANSKY, P. ,  BELOCKV, R. ,  SEIBERL, W. & HEINZ, H .  

Geological Survey of Austria, Dept. of Geophysics, Vienna 

The main target of this study has been the development and a ppl ication of easi ly 
usable program packages to calcu late source bodies of magnetic anomal ies and 
more over to interpret the results in  respect to geochemical and geological 
evidences. C lose reference is made to the papers and posters by SLAPANSKY et a l .  
( 1 994) and HEINZ & SEIBERL ( 1 994) . As a resu lt the program MAGI has been deve-

61  


