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PALAEOMAGNETIC INVESTIGATIONS IN HIGHLY
METAMORPHOSED ROCKS: EASTERN ALPS (AUSTRIA AND
HUNGARY)

Herman J. MAURITSCH*, Ern6 MARTON** and Alfred PAHR***

A palaesomagnetic study was carried out in a tectonically complex area, mainly on highly
metamorphosed rocks. Nine sites in the Penninic unit, one site in the Palaeozoic of Graz and one
in the Wechsel unit, yielded characteristic remanent magnetizations (ChRM). The ChRMs were
further tested in order to estimate the age of acquisition and magnitude of a possible bias of the
observed directions due to metamorphism. It is concluded that the studied metamorphic rocks must
have been fully overprinted during the last phase of metamorphism in the area and the oriented
magnetic fabric could only have had but a minor influence on the direction of remanence.

The directions of the characteristic remanences — both before and after tectonic correction
- depart significantly from that of the Earth’s present magnetic field observed at the sampling area.
The scatter is too high to define palaecomagnetic directions for any of the tectonic units. Tendencies
in the declination rotations, however, may be recognized and interpreted as tectonic rotations.
Apart from the highest level, the Penninic is clockwise, the top of the Penninic — together with the
cover of Karpathian and Badenian age — is counterclockwise rotated. The sense of rotation is
uncertain for the Wechsel unit because of the shallowness of the observed inclination. The observed
rotations must be mainly due to mid-Miocene tectonic movements, postdating both the deposition
of the Karpathian sediments and the last phase of metamorphism at 20 Ma.

Keywords: Palaeomagnetism, metamorphic rocks, Eastern Alps, magnetic fabric, ChRM, tectonic
rotation

1. Introduction

The investigated area belongs to the eastern part of the Eastern Alps, where
the Penninic crops out (Fig. 1) such as the windows of Mdltern, Bernstein and
Rechnitz [schmidt 1951]. They are parts of a chain of windows exposing the
lowermost tectonic unit of the Alps between Genoa, ltaly, and Kdészeg, Hun-
gary.

The Penninic unit is characterized by a particular lithology and metamor-
phism, showing all the elements of an ocean floor development, such as cal-
careous phyllites, limestone shales, quartzites, greenschists, serpentinites, and
metagabbros. The sequence is dated mid-Cretaceous by sponge spiculae in
limestone members [Schontaub 1973].

The geological environment of the windows of Méltern and Bernstein is
dominated by overthrust crystalline rocks of the Lower East-Alpine Wechsel
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unit. The Rechnitz and Eisenberg windows are surrounded by Tertiary sedi-
ments of Karpathian through Pannonian age.

The Tertiary cover conceals the tectonic situation in the southern part of
the investigated area. Nevertheless, we know from other observations that it is
not simple. For instance, the greenschist of Hannersdorf (Fig. 1, site 13) and
its surroundings cannot belong to the Penninic in spite of the similar lithology
and the present geographic position. The arguments are stratigraphical — as
the age of the Hannersdorf dolomite is Devonian in contrast to the Cretaceous
age of the Penninic — and geochemical, as the Penninic is derived from the
ocean floor whereas the greenschist of Hannersdorf is a metamorphosed intra-
plate basalt [Gratzer 1985]. Concerning the metamorphism in this area, three
main phases have been recognized [Lelkes-Felvari 1982, Koller 1985]:

a) oceanic metamorphism at high temperatures (500-750° C);

b) metamorphism during subduction at high pressure (6-8 x KO8 Pa) and
low temperature (300-370° C); these conditions require subsidence of the sedi-
ments of the Penninic ocean to a depth of about 15-25 km; the metamorphism
is dated at 65+6 Ma by the K/Ar method.

c) Regional metamorphism at pressures less than 3x 08 Pa and tem-
peratures of 390-430° C (greenschist facies); this event is dated at 19-22 Ma by
the K/Ar method. It seems that the temperature of the metamorphism increases
from north to south.

Based on 6-axis orientation and the degree of complexity of the metamor-
phic texture, the Penninic may be subdivided into two nappe systems, both
emplaced after the last phase of metamorphism. In the lower unit the 6-axes are
usually N-S oriented, in the upper unit they lie close to the E-W direction [Panr
1980]. Members of the lower unit may be recognized as such by observing
crenulations in addition to the dominant schistosity, since crenulation is totally
absent in the upper nappe system.

2. Sampling and analysis of magnetic remanence

Six to twenty-six cores were drilled at twenty four sites in greenschists,
calcareous phyllites, quartz phyllites, serpentinites belonging to the Penninic
unit (Fig. 1, sites 1-12, 14-18, 24), in amphibolites and albite-chlorite-quartz
-schists of the Wechsel unit (Fig. 1, sites 21-23), greenschist belonging to the
Palaeozoic of Graz (Fig. 1, site 13,) and in Tertiary sediments (Fig. 1, sites 19
and 25); 332 samples in all. The cores were oriented by a magnetic compass.
Orientation of schistosity planes and fold-axes were measured in the field as
precisely as possible. These observations were meant to serve a double purpose:
firstly, to facilitate full tectonic correction of the palaeomagnetic directions;
secondly, to decide whether the site belonged to the lower or the upper nappe
system. The serpentinite of Bernstein (Fig. 1, site 24) was the only site at which
tectonic elements could not be measured.
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Fig. 1. Geological sketch map of the eastern part of the Eastern Alps with palaeomagnetic
sampling sites. Key to geology: a) Upper East-Alpine Palaeozoic, b) Middle East-Alpine
Crystalline, c) Lower East-Alpine Grobgneiss unit, d) Lower East-Alpine Wechsel unit,

e) Penninic. Sampling sites are in the Penninic of the Rechnitz window (sites 1-11, 18), of the
Eisenberg window (sites 12 and 14) and of the Bernstein window (site 24), in the Palaeozoic of
Graz (13), in the Wechsel unit (sites 21-23), in Karpathian (site 19) and Badenian (site 25)
sediments covering the Grobgneiss unit

1 abra. Foldtani vazlat a Keleti Alpok keleti részér6l, a paleomagneses mintavételi helyekkel.
Jelmagyarazat: a) Fels6 Keletalpi paleozoikum, b) K&ézéps6é Keletalpi kristalyos egység, c) Alsé
Keletalpi Grobgneiss egység, d) Als6 Keletalpi Wechsel egység, €) Penninikum. Mintavételi
helyek a Penninikumon: a Rohonci ablakbél (1-11 és 18), a Vashegyi ablakbol (12 és 14) és
a Bernstein ablakboél (24); a grazi paleozoikumon (13), a Wechsel egységen (21-23), és
a Grobgneiss egység feddjét képezd karpati (19) és badeni (25) uledékeken

Puc. 1. l'eonornyeckas cxemMa BOCTOYHOIO OKOHYaHWS BOCTOUHbIX AnbN ¢ 0603HaYeHneM
NyHKTOB 0T60pa Npob Ha naseoMarHWTHble onpeaeneHns
a) BEPXHe-BOCTOYHOANbMUIACKNIA Naneo3oi, b)  cpeAHEBOCTOYHOANLMUIACKNE KPUCTaNIMYecKue
KOMMJIEKCbI, C) HMXXHEBOCTOUYHOANLNNIACKME TPy6ble FHeChl, d) HKHE-BOCTOYHOANLNNIACKINI
Bexcenbckuii NOKpoB, €) MeHHUHCKUIA NoKpoB. MyHKTbI oT6opa Npo6 u3 MeHHUHCKOro
nokposa: no Kécercko-PexHuuyckomy okHy (1-11 u 18), no BawwxeabCcko-Ali3eHOEPrckoMy OKHY
(12 »n 14), no bepHwTanHCKOMY OKHY (24); 13 rpauckoro naneosos (13); n3 Bexcenbckoro
nokposa (21-23); 13 0Cafo4YHOro Yexna eamHuLbl rpy6biX THERCOB: MO KapnaTCKuUM
oTnoxeHuam (19), no 6afeHCKNUM OTNOXeHUAM (25)
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The field cores were cut into 2-4 standard-size samples. From each core,
sister specimens were subjected to stepwise demagnetization, both by AF and
by the thermal method, independently in the palaecomagnetic laboratories in
Budapest and at Gams. Full demagnetization was rarely achieved with AF (only
at sites 24 and 25, see Fg. 3). Thermal demagnetization combined with AF or
alone were more efficient (Fig. 2. and Fig. 4). Where full coercivity or a blocking
temperature spectrum was available, palaeomagnetic site mean directions were
calculated combining first the characteristic remanences of sister specimens on
sample, then on site level (sites 3, 10, 14, 18, 22, 25); samples with sister
specimens of different directions (angular difference higher than 25°) were
rejected (Fig. 5).

Unstable behaviour on cleaning often prevented complete demagnetiza-
tion. Samples with dominant spurious components were disregarded. Moderate
instability, however, was dealt with in the following way. After removing an
obviously different and moderately resistant component, remanence directions
measured at successive heating steps were averaged to enhance the signal
(Fig. 6), provided that the susceptibility had not incresased considerably.

The remanence directions thus obtained served as a basis for calculating
site means (Table I. sites 4, 6, 8, 13, 24, 12J. At site 12 the component with the
higher blocking temperature was further tested by repeating the demagnetiza-
tion at the same temperature twice, first placing the specimen in the oven in one
direction, then in the other, i.e. with X and Z in two opposite orientations;
finally, the results of four cleaning steps — two at 450° C and two at 475° C -
were averaged. This was done because of the moderate increase in susceptibility
(20 per cent on average above 250-350° C, relative to the initial value).

Table | | summarizes the ChRM directions before and after tilt (sites 19 and
25) or full tectonic correction — first for the 6-axis tilt, then for the schistosity
position, the latter being assumed to be parallel to the bedding for most sites.1

1+ All samples bear the code of HA (for Hungary and Austria)



Palaeomagnetic investigations ... Eastern Alps 53

a b

N.up c

normalized to 7.6 -I07A/m initial intensity
and 2A-Vjit Sl susceptibility

Fig. 2. Comparison of the behaviour of the NRM on AF (a) and on the combined AF and
thermal (b, c¢) demagnetization. Rechnitz window, Penninic at Steinwandriegel (site 18): a) and
b) r.re orthogonal plots (demagnetization steps in a): NRM to 1x 10 - T, in b) as in c)), ¢) is
a normalized intensity (dots) and susceptibility (circles) diagram

2. abra. Az NRM viselkedésének dsszehasonlitasa valtoaramu (a) és kombinalt valtoaramua- és
termo- (b és c) lemagnesezésre. Rohonci ablak, Steinwandriegel, Penninikum (18. mintavételi
hely): a) és b) ortogonalis vetiilet (lemagnesezési Iépések a)-ban: NRM-t6l 1x 10 - T-ig, b) és c)
azonos), ¢) normalizalt intenzitas (teli korok) és szuszceptibilitas (lres kordk) diagram
Puc. 2. ConocTaBneHue nosefieHnss NRM npu unicTKe nepemMeHHbIM TOKOM (@), a Takxke
KOM6MHaL e nepeMeHHOro Toka ¢ HarpeBaHmeM (b 1 c). PexHuULCKoe OkHO, LLITaliHBaHApUreNb,
MeHHMHCKMI NoKpoB (MYHKT npob6ooTbopa 18): a) n b) NpAMOyronbHas NPOeKUns; CTyNeHN
ynctkm B a) oT NRM pgo 1-KrI: T; b) 1 c) oanHakoBsbl; C) guarpamMa HOPMUPOBaHHOWA
WHTEHCMBHOCTM (3aNUTble KPYXXKW) U BOCTIPUUMYMBOCTU (MOMbIE KPYXKKMU)

Fig. 3. Fast reduction of the NRM intensity on AF demagnetization, a) and b) Bernstein
window, serpentinite (site 24) c¢) Badenian sediment (site 25). For explanation, see Fig. 2.
(demagnetization steps: NRM to . x 10“sT)

3. dbra. Az NRM gyors csokkenése valtoarami lemagnesezésre. a) és b) Bernstein ablak,
szerpentinit (24), c) badeni tledék (25).

Jelmagyarazatot lasd a 2. abran (lemagnesezési Iépések: NRM-t6l 4« 10~s T-ig)

Puc. 3. BbicTpoe y6biBaHne NRM npu 4iCTKe nepeMeHHbIM TOKOM, a) U b) BepHLTaliHcKoe
OKHO, CEeprneHTUHUTbI (24), ¢) 6ageHCKMe 0TNOXeHMA (25). YCnoBHble 0603HAYEHS CM. Ha puc. 2.
CryneHu unctkm — ot NRM go 4 10 3r
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Fig. 4. Fast reduction of the NRM intensity on thermal demagnetization, a) and b): Wechsel
unit, St. Corona, amphibolite (site 23); c) and d) Penninic, Markthodis, calcareous schist
(site 3). For legend see Fig. 2

4. adbra. NRM gyors csdkkenése h6kezelésre a) és b): Wechsel egység, St. Corona, amfibolit
(23); c) és d) Penninikum, Markthodis, mészpala (3). Jelmagyarazat a 2. abran

Puc. 4. BoicTpoe yobiBaHne NRM npu TepMUYECKON YMCTKe, a) U b) BexcenbCcknii MoKpos,
Ct. KopoHa, amtn6onuTbl (23); ¢) u d) MeHHWHCKMIA NoKpoB, MapKTrognc, U3BecTKOBUCTbIE
cnaHubl (3). YcnoBHble 0603Ha4YeHNs CM. Ha puc. 2
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Fig. 5. Characteristic remanences for sister specimens. Wechsel unit, albite-chlorite schist
(site 22). Stereographic projection, negative inclinations. ChRMs of sister specimens are joined
and angular distances close to or higher than 25° marked

5. abra. lkermintak jellegzetes remanenciaja. Wechsel egység, albit-klorit pala (22).
Sztereografikus vetillet, negativ inklinaciok. Az ikermintak jellegzetes remanenciai 6ssze vannak
kotve és a 25°-nadl nagyobb szdgtavolsagok megjeldlve.

Puc. 5. XapakTepHasi ocTaTo4Has HaMarHU4YeHHOCTb [BOMHbIX NP06. Bexcenbckuii MoKpos,
anbbuUT-xNopuUTOBbLIE CNaHLbl (22). CTepeorpauueckas NPOEKLUMs, OTPULATENbHbIE HAKIOHEHNS.
3HaueHNsl XapaKTepHON 0CTATOUHOM HAaMarHWYEHHOCTW COeAMHEHbI MEXAY CO6Oi
C 0603HAYEHMEM YT/IOBbIX PACCTOSHMIA CBbile 25°

N.up

Fig. 6. Moderate instability of the NRM on thermal demagnetization. Penninic unit, Bernstein
window, serpentinite (site 24)

s. abra. Az NRM kozepes instabilitasa h6kezelésre. Penninikum. Bernstein ablak,
szerpentinit (24)

Puc. 6. CpegHsaa HecTabunbHoCcTb NRM npu TepMmUYecKoi umctke. MeHHWHCKWIA MOKpOB,
BepHLWTanHCKOe OKHO, CEPMEHTUHUTLI (24)
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Site rock type

Rechnitz, Penninic, upper unit

3 greenschist

4 greenschist

6 carbonatic
schist

18 calcareous schist
and phyllites

Rechnitz, Penninic, lower unit

schist
10 calcareous
phyllite
Eisenberg, Penninic, lower unit
2. greenschist
122 greenschist
14 greenschist

Palaeozoic of Graz
13 greenschist

Bernstein, Penninic, upper unit
24 serpentinite

Wechsel unit
22 albite-chlorite
schist

Tertiary sediments

19 {Carpathian
sandstone

25 Badenian
sediment

N - number of samples used for evaluation;
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njn

5/11
6/10
10/13

14/17

12/25

7126
17/26

19/26

4/18

19/19

14/19

9/13

5/9

7112

Table 1. Palaeomagnetic data
- number of collected samples; D° . declination;

D°

43

319
333
301
327
214
193

95
98
113
115

232
228
286
283
89
91

133
60

287

139

58
56

123
133
167
165

+ 47
+ 64

+ 54

24

-19
+9

-36
54
-42
-36

EEERrroo

N~ oo

IS

17

e

~~EBE

*95

33.6
33.6
40.8
40.8
15.2
15.2

9.6

19.6
19.6
11.7
11.7

14.4
14.4
8.8

18.9
18.9

10.0
10.0

12.9

19.9

6.1
6.1

23.9
23.9
25.0
23.9

cleaning

300" C
300" C
150 300° C

300° C. 20 60 mT

300-400" ¢

150-400“ C

250-350" C
450 475° C

150" C

50 150"C

NRM

300-425" C

250-525* C

300° C

20 mT

I - inclination, before tectonic correction ; D°, fc- same after tectonic correction ; Kk and ags

statistical parameters [Fisher 1953]
|. tAblazat. Paleomagneses adatok

n — értelmezésbe bevont mintdk szama; n0 — begydjtdtt mintdk szdma; D° - deklinacid;
I — inklinacid tektonikai korrekcié el6tt; D°, ic— ugyanaz tektonikai korrekcié utan;

K és a9% — statisztikai paraméterek [Fisher 1953]
Tabnuua /. ManeoMarHUTHble AaHHble

N — KO/MYeCTBO Npo6, 1CMONb30BaHHbLIX B MHTEPNPETaLUM;
n0— KONWYECTBO OTOBPaHHbIX NPo6; D° T — CKNOHEHWEe W HaKNOHEeHWe 0 TeKTOHUYECKOI
nonpasku; D°, 1° — TO Xe C TEKTOHNYECKOM MOMpPaBKOM; K N ass — CTaTUCTUYECKME

napameTpbl, No ®uwepy (Fisher 1953)

7. dbra. Normalizalt IRM felvétele: a)-d) és szuszceptibilitas-h6mérséklet gorbék: e)-h).

Teli kérok — normalizalt intenzitas, tres korok — szuszceptibilitas

Puc. 7. Cbemka HopmupoBaHHOR IRM : a)-d) 1 KpuHBbIE BOCMPMUMUMBOCTb-TEMMEPaTypa €)-h).
3annTble KPY>XKU — HOPMUPOBAHHAA WHTEHCUBHOCTb, NOMbIE KPYXKW — BOCMPUMMUMBOCH

@)
@)
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3. Magnetic mineralogy and susceptibility anisotropy

The vector plots indicate composite NRM in most cases. The magnetic
minerals responsible for the different components of the NRM were not iden-
tified precisely. The behaviour ofthe NRM on cleaning, that of the susceptibility
on heating, IRM experiments and the inspection of polished sections, however,
permit one to make some conclusions about the magnetic minerals in the
samples.

Normally the IRM curves show fast saturation (Fig. 7/a, b, c) ; the decay
of the NRM on heating is also rapid while the susceptibility may increase (Fig.
7le), decrease (Fig. 7If) or remain constant (Fig. 7/g). Thus the magnetically
soft mineral may be iron sulphide, as identified in the polished sections (sites

12 and 14) and/or maghemite
(e.g. sites 3, 19). When the us-
ceptibility  remains  stable,
titanomagnetite is likely to carry
the NRM (e.g. sites 18, 22, 24)
since this mineral often occurs in
the Penninic [Korrer 1985].

In addition to a soft com-
ponent, some specimens contain
a phase which does not reach
saturation in a field of 15 T.
This is not likely to contribute to
the NRM because the NRM ver-
sus temperature curve (Fig. 7/h)
is similar to those with one soft
component only.

Fig. 7. Normalized IRM acquisition:
ap-d) and susceptibility versus tempera-
ture curves:

e)-h). Dots  normalized intensity, circ-
les—susceptibility
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Magnetic fabric was studied by measuring directional susceptibility in a
low magnetic field. By analysing the magnitudes and orientations of the prin-
cipal susceptibility axes and their relationship to the direction of the ChRM and
the macroscopically observable schistosity planes we hoped to estimate the
deflection of the directions of the ChRM of the ancient magnetic field due to
anisotropy and the degree of complexity of the fabric.

Concerning the possible influence of magnetic anisotropy on the direction
of the remanent magnetization, the observations can be summarized as follows.
The degree of anisotropy is usually not high enough to cause considerable
deflection from an external magnetic field due to magnetic anisotropy (Table If).
Moreover, combined high and low field measurements indicate that the ob-
served anisotropy is due largely to paramagnetic minerals (e.g. at site 12 entirely,
at site 10, 90 per cent: Rochette, personal communication).

The relationship between the orientation of the principal susceptibility axes
and that of the fabric observable in the field is not straightforward.The direc-
tions of the principal susceptibility axes may be randomly distributed; if not,
the minimum axes cluster, or define a great circle. In the last case, the great circle
contains the pole of the macroscopically observable schistosity plane (Figs. 8
and 9). Such distribution may be explained by assuming that the minimum
susceptibility directions, originally coinciding with the pole of the dominant
schistosity, became displaced by adding a second ‘component’ to the original
one during a later deformation process, or that the sampled rocks changed
orientation in a constant stress field. The composite nature of the susceptibility
is proved by the drastic reduction of the distance between extreme points along
the great circle after heating, i.e. after having practically destroyed one of the
magnetic minerals (Hg. 9).

A similar model may account for the fact that the statistically well-defined
minimum susceptibility site mean directions often cluster away form the pole
of the schistosity (Fig. 10). In this case, however, the deformation process
responsible for the dominant fabric is totally overprinted.

Thus we may conclude that the magnetic fabric in itself or in relation to
the texture of the studied metamorphics suggests that the rocks were subjected
to complex tectonic and metamorphic processes. Our results, however, are
indifferent to the timing, i.e. we cannot tell with any certainty whether the
magnetic fabric was formed during one or during more metamorphic events.

In order to estimate the actual influence of the anisotropy on the direction
of the remanence, remagnetization experiments were carried out. Some AF
cleaned specimens were given IRM (Fig. 11) or ARM (Fig. 12), then stepwise
heated and cooled in a laboratory field of controlled direction with the X (Hg.
11) or the Z (Fg. 12) axis parallel to the applied field. Remagnetization was
complete or nearly complete at 435° C during a short heating run. The results
of this experiment imply that

a) the directions of minimum susceptibility are close to the IRM directions
(25/- 3and 349/-8) and the ARM directions (337/86, 340/57, 356/31, 180/31)
respectively, i.e. the deflection from an external field due to the anisotropy of
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azimuth/dip susceptibility anisotropy ChRM
b-axis plane of degree (KTa/kTb) mean direction of D'IT
schistosity per cent min. (field system)
average max. min. azimuth/dip

Rechnitz window, lower unit

1 150/12 240/54 10 12 4 (120/54) -
2 170/20 253/49 9 13 6 86/33 -
5 358/10 280/63 - - - - -
6 335/22 204/35 - 301/ —37
7 160/18 135/15 - 5 -
10 340/3 260/20 5 8 1 (113/-3)
15 190/9 275/35 22 37 13 (67/6) - A —
16 200/10 280/72 20 32 13 (143/55) -
17x 10/10 320/40 20 25 13 160/61 -
97/60
Rechnitz window, upper unit
3 205/29 187/31 38 72 4 108/71 (43/-6)
4 240/14 170/25 6 8 4 337/54 (319/-57)
8 310/18:225/26 223/16 - (95/-2)
9 60/10 125/16 -
u 230/10 260/13 - -
18 358/17 282/41 9 28 3 * 214/-29
Eisenberg window, lower unit?
12 275-95 320/9 6 8 4 . 286/-24
232/-23
245/20 (89/2)
Bernstein window, upper unit
24 (39/71) (287/54)
(139/-24)
Graz Palaeozoic
13 350/46
Wechsel unit
22 220/20 248/28 12 16 7 94/62 58/- 19
23 255/22 240/32 9 15 4 (185/47) -
Karpathian Sandstone covering Grobgneiss unit
19 - 10/20 3 9 1 (130/71) 123/-36

Table 1I. Oriented fabric: field observations and data from magnetic fabric analysis
Direction in brackets: poorly defined statistically (k< 10 and/or ass > 15°); asterisk: minimum
susceptibility directions define a great circle

Il. tablazat. Iranyitott szovet: terepi megfigyelések és a magneses szovetanalizis eredményei
Iranyok zardjelben: statisztikailag gyengén meghatarozott (A< 10 és/vagy [&s > 15);
csillag: minimum szuszceptibilitas iranyok egy fékort hataroznak meg

Tabnuua Il. OpreHTUpOBaHHAA TEKCTYypa Ha OCHOBaHWM MOMEBbIX HabMOAEHWIA N MarHUTHOTO
TEKCTYpPHOro aHanusa HanpaBneHus B CKO6Ke — CTAaTUCTUYECKM Mano 3Haunmble (A<10 u/nam
a%> 15°); 3Be3fa — HanpaBfeHWSMU MUHUMANbHON BOCMPUMMUYMBOCTY OnpefensieTcs Ayra
60/bLLOV OKPYXXHOCTN
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the susceptibility is indeed not significant;
b) under geological conditions any previously existing NRM must have
been totally overprinted during the last phase of metamorphism.

8. dbra. A minimum szuszceptibilitas iranyok
eloszlasa egy fékorén (Hétforrasors. mészfillit,
10). Sztereografikus vetilet. Kér: a minimum
szuszceptibilitas iranyok gydrédés nélkili
rétegekben; kis csillag: palassag (és
rétegz6dés) polusa kismértéki gydrédésekben;
nagy csillag: ugyanez az altalanos palassagra.

Puc. 8. PacnpeaeneHne HanpaBieHWiA
MWHUMaNnbHOW BOCMPUMMYMBOCTY BLONb AYry
60/bLLONA OKPYXXHOCTK (XeTgoppallépLu,
N3BECTKOBMCTbIE (OUANINTBI, 10).
Ctepeorpaguyeckas npoekuuns. Kpyxkm —
HanpasneHns MUHUMabHOM
BOCMPUMMYMBOCTM B HeCKIaAuaTbiX
npocnosx; Manble 3Be3fbl — NOMOC
CnaHueBaTocTu (M CNOMCTOCTU) B HEBONbLUMX
CKNafkax; KpynHble 3Be3fgbl  TO Xe And
006Lein cnaHueBaTocTn

Fig. 8. Distribution of the directions of the minimum susceptibility along a great circle
(Hétforrasors, calcareous phyllite, site 10). Stereographic projection. Dots: directions of the
minimum susceptibility in beds without small-scale folding; asterisks: poles of schistosity (and
bedding) in small-scale folds (small asterisks) and that for the general schistosity (larger asterisk)

N

\

9. dbra. A minimum szuszceptibilitas iranyok
eloszlasa egy fé6korén (Fels6csatar, zoldpala,
12). Sztereografikus vetiilet. Kér: a minimum
szuszceptibilitas irdnyok a természetes
allapotban; csillag: az altalanos palassag
pélusa; haromszdg: a minimum
szuszceptibilitas iranyok a mintak 475° C-ra
vald hevitése, azaz a pirrhotit lebontasa utan

Puc. 9. PacnpegeneHne HanpaBneHwuii
MWUHWMaNbHOM BOCMPUMMYMBOCTY BLONb AYrH
60nbLIONA OKpY>XXHOCTK (Penbluéyatap,
3eneHble cnaHubl). CTepeorpaduyeckas
npoekuns. Kpy>Xkn — HanpasieHus
MWHWMaNbHON BOCNPUUMYMBOCTU
B €CTECTBEHHOM COCTOSIHUU; 3Be3fbl —
nontoca o6uleil cnaHueBaTocTy;
TPEYroNbHUKN — HanpasieHUss MUHUMabHOM
BOCNPUMMYMBOCTM Nocne Harpeea npob6 ao
475°, TO-eCTb NOC/Ne pasnoXeHUs NUPPOTUHA

Fig. 9. Distribution of the directions of the minimum susceptibility along a great circle
(Fels6csatar, greenschist, site 12). Stereographic projection. Dots: directions of the minimum
susceptibility in the natural state; asterisk: pole of the general schistosity; triangles: directions
of the minimum susceptibility after heating the specimens at 475° C, i.e. destroying pyrrhotite
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10. &bra. A palassag pdlusanak és a minimum
szuszceptibilitas iranyok 0sszekdtése
a Penninikumra (1-11 és 15-17).
Sztereografikus vetiilet, minden vektor lefelé
mutat. A f6korok, amelyek mentén
a minimumszuszceptibilitas irdnyok eloszlanak
(10, 12 és 18) szaggatott vonallal vannak
jelolve.

Puc. 10. CoeanHeH1e NonOCcoB
CNaHLeBaTocT 1 HanpasBieHNiA MUHUMAaNbHOM
BOCNPUMMYMBOCTU NO MMEHHUHCKOMY MOKPOBY

(111 w 15-17). Ctepeorpatmyeckas
npoekuns. Bce BEKTOPbI HanpasfieHbl BHU3.
[yrn 60M1bWNX OKPY>KHOCTEW, BLO/b
KOTOpbIX pacnpefefieHbl HanpasneHus
MUHUMabHOM BoCNpuumumsoctmn (10, 12
1 18), 0603HaYeHbl MYHKTUPHON NUHWEl

Fig. 10. Position of the pole of schistosity joined to the direction of minimum susceptibility(ies)
for the Penninic unit (sites 1-4, 15-17). Stereographic projection, all vectors pointing
downwards. The great circles along which the directions of minimum susceptibility are
distributed at sites 10, 12, 18, respectively, are shown in dotted lines

oI5

11. dbra. A 10. és 12. mintavételi hely mintai
IRM-jének Ujramagnesezése szabalyozott
laboratériumi magneses térben térténd
hevitéssel és h(itéssel. Sztereografikus vetiilet.
Fekete jelek: lefelé mutaté vektorok; Qres
jelek : felfelé mutatd vektorok

Puc. 11. MepemarHunumsaHne IRM npo6
nyHkToB 10 1 12 npy Harpese ¥ OCTbIBAHUU
B perynmpyeMom na6opatopHOM MarHMTHOM

none. Ctepeorpadmnyeckas NpoeKLus.
YXupHble 3HAYKN — BEKTOPbI, HanpasfieHHbIe
BHW3; MO/Mble 3HAYKN — BEKTOPbI,
Hanpas/ieHHble BBEPX

Fig. 11. Remagnetization of IRM of samples from sites 10 and 12 by heating and cooling them
in a controlled laboratory field. Stereographic projection. Solid symbols: vectors pointing
downwards; hollow symbols: vectors pointing upwards
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12. &bra. A 10. és 12. mintavételi hely mintai
ARM-jének Gjramagnesezése szabalyozott
laboratériumi magneses térben térténd
hevitéssel és h(itéssel. Sztereografikus vetiilet.
Fekete jelek: lefelé mutatd vektorok, lres
jelek : felfelé mutatd vektorok

Puc. 12. MepmarHuymeaHne ARM npo6
nyHKTOB 10 1 12 nNpy Harpese 1 OCTbIBAHUN
B perynmpyemomMm n1abopatopHOM MarHMTHOM

none. Ctepeorpaduyeckas npoekuus.
XXKUWpHble 3HAUYKM — BEKTOPbI, HarpasneHHble
BHU3; NOJble 3HAYKN — BEKTOPSI,
Hanpas/fieHHble BBEpPX

Fig. 12. Remagnetization of ARM of samples from sites 10 and 12 by heating and cooling in
a controlled laboratory field. Stereographic projection. Solid symbols: vectors pointing
downwards; hollow symbols: vector pointing upwards

4. Tectonic implication

Due to high between-site scatter for all the studied units — both before and
after tectonic correction — precise palaeomagnetic directions cannot be defined
for any of the units. Nevertheless, certain rotation trends can be recognized.

The main problem in interpretation is caused by the spread in inclination
(Fig. 13). It may be argued that a metamorphic rock at the time of acquisition
of the ChRM might have been oriented differently from both the present and
the tectonically corrected position.

It stands to reason, however, that the position at the critical time interval
be assumed as constrained by the present horizontal on the one hand, and by
the plane of schistosity (stratification) observed in the field, on the other. As
Table | shows, the tectonic correction has but little effect on the direction of the
ChRM. Thus the low inclinations are difficult to account for, once the mid-
Tertiary age of the last metamorphic event is accepted, and the composite or
deflected nature of the ChRM is ruled out. In fact, some of the inclinations are
so shallow, both before and after tectonic correction, that they are indicative
of a pre-Tertiary, probably Palaeozoic magnetization (sites 8, 10, 14). It is
interesting to note, therefore, that previously Palaeozoic was the age assigned
to the Rechnitz and Eisenberg windows [Fe1dvari et al. 1948, Szebenyi 1948].

Apart from sites 8, 10, and 14, the Rechnitz window is characterized by
large to moderate clockwise declination rotations. Sites 3 (fully or partly cor-
rected for tectonic position), 18, and 12x form a moderately rotated group
together with 13 (Graz Palaeozoic, corrected), while 6 and 122 show excess
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13. abra. Paleomagneses inklinaciok
tektonikai korrekcio el6tt a Keleti Alpok
keleti részében. Sztereografikus vetiilet. Fekete
jelek : pozitiv inklinéci6, ures jelek : negativ
inklinaci6. Kor: Penninikum, haromszog:
grazi paleozoikum, négyzet: Wechsel egység,
csillag: harmadkori tledék. Kis jelek:
a%> 15° nagy jelek : a%g 15°

Puc. 13. ManeoMarHUTHble HaKNOHEHUS A0
TEKTOHWYECKMX NOMPaBOK Ha BUCTOYHOM
OKOHYaHMN BOCTOYHBLIX AnbM.
Ctepeorpaguyeckas npoekuus. XXnpHble
3HAYKN — MONOXUTENbHbIE HAK/TIOHEHWS;
nonble 3HaYKM — oTpuLaTe/ibHble
HaKNoHeHUs. Kpy>XXKn — FeHHUHCKWIA
NOKPOB, TPEYroNbHUK — Fpauckunii naneosowu,
KBagpaT — BexcenbCkuii NOKPOB, 3Be34bl —
TpeTUYHbIE OT/IOXKEHUA. Masible 3HaUKN —
a95> 15° KpynHble 3HaUkKn — a9x*15°

Fig. 13. Palaeomagnetic inclinations before tectonic correction in the eastern part of the Eastern
Alps. Stereographic projection. Full symbols: positive inclination; hollow symbols: negative
inclination. Circles are for the Penninic unit, triangle for the Palaeozoic of Graz, square for the
Wechsel unit, asterisks for Tertiary sediments. Small symbols: x95> 15°, larger symbols:
3B=15
rotation. The declination at sites 8, 10, 14 also deviate by a large angle from the
north which may be interpreted as clockwise rotation. It is possible that on the
CW side of Fig. 13 we see an older magnetization with more and a younger one
with less declination rotation, since at site 12 the component with higher
unblocking temperature (122) shows large deviation, the less resistant one (12x)

only moderate deviation from the present north.

The rotation angle for a single site from the Wechsel unit (Fig. 13, 22) is
high, though the sense of rotation is undecided.

A single site from the highest level of the Rechnitz unit (24), and Tertiary
sediments (sites 19, 25) covering the Grobgneiss unit (which is in turn underlain
by the Wechsel) show counterclockwise rotation. The similarity of the directions
observed for sites 24 and 19 implies Miocene rotation for the first of these.

The timing of the rotations observed for the rest of the metamorphics is
less straightforward. Some of the ChRMs may predate the Miocene metamor-
phism (e.g. sites 8, 10, 14). This idea is supported, for instance, by observations
on the metamorphic texture in the Eisenberg window by Letkes-Fetvari (per-
sonal communication) who suggests that the high-pressure low-temperature
Eo-Alpine metamorphism was not everywhere overprinted by a younger green-
schist facies metamorphism. Even if some of the ChRMs are older, there are
others which are of Miocene age, implying that significant clockwise rotations
took place between 20 Ma and the magnetization of the Styrian volcanics —
that show no rotation [Mauritsch and Becke 1987]. The young age of the
rotations in the Rechnitz area is supported in an indirect way by the orientation
of the magnetic fabric.
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As we have already noted the pole of the plane of schistosity (oriented by
the strongest metamorphism) and the directions of the minimum susceptibilities
(oriented by the last metamorphism) for the same site define a great circle. These
great circles always deviate from north-south orientation (Fig. 10). When
corrected for the measured palaeomagnetic rotations, these great circles become
N-S oriented, thus reflecting a stress field which is expected in the Neogene as
a consequence of the collision between stable Europe and the African plate.
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EROSEN METAMORFIZALT KOZETEK PALEOMAGNESES
VIZSGALATA:KELETI ALPOK (AUSZTRIA ES
MAGYARORSZAG)

Herman J. MAURITSCH, MARTONNE SZALAY Em6 és Alfred PAHR

Tektonikailag bonyolult teriilet paleomagneses vizsgalatat végeztiik elsésorban erésen meta-
morfizalt k6zetek mintazasaval. Kilenc mintavételi hely esett a Penninikumra, egy a grazi paleo-
zoikumra és egy a Wechsel egységre. Mindezek jellegzetes remanens magnesezettséget adtak,
amelyet tovabb ellendriztiink a metamorfézis okozta lehetséges torzitas koranak és nagysaganak
felbecslésével. Arra az eredményre jutottunk, hogy a tanulmanyozott metamorf kézetek teljesen
atmagnesezédtek a metamorfozis utolsé szakaszaban és az orientdlt magneses szovetnek csak
elhanyagolhatd hatasa lehetett a remanens magnesezettség iranyara.

Ajellegzetes remanencia iranyok  mind tektonikai korrekcio el6tt, mind utdn — hatéarozot-
tan eltérnek a terilet jelenlegi magneses terétél. A széras tul nagy, igy egyetlen tektonikai egységre
sem tudtunk paleomagneses iranyokat definialni. Ennek ellenére a deklinacio-rotaciok tendenciai
felismerhet6k és mint tektonikai rotaciok értelmezheték. A Penninikum 6ramutat6 jarasaval meg-
egyez6, a Penninikum teteje viszont — a karpati és badeni fedével egyiitt — 6ramutato jarasaval
ellentétes rotaciot szenvedett. A Wechsel egység rotacioja bizonytalan az igen lapos inklinaciok
miatt. A megfigyelt rotaciok elsésorban kdzépsé-miocén tektonikai mozgasokhoz kéthet6k, ame-
lyek mind a kéarpati tledék, mind a metamorfézis legutolsé fazisa (20 Ma) koranal fiatalabbak.

MANEOMATHNTHOE N3YYEHWME CNJ1IbBHO METAMOP®N30BAHHWX MOPOA:
BOCTOYHbIE AJbMbl (ABCTPUA N BEHIPINA)

Fepman N. MAYPWY, 3mé MAPTOH-CAJTAW, Anbthpes MAP

Bbino NpoBefeHO NaneoMarHUTHOE M3yyeHe palioHa Co CNI0XHbIM TEKTOHMYECKUM CTPOEHM-
eM nyTeM onpo6oBaHus B NepByt0 04epesb CUIbHO MeTaMop(r30BaHUbIX MOPoA. [eBATb MYHKTOB
npo6ooT6opa 661U B npepenax MeHHWCKOro NOKpoBa, OAWH — FPafCcKOro naneosos, W oauH
— Bexcenbckoro nokposa. Bo Bcex o6Hapy)XeHa xapakTepHas ocTaTOuHas HamMarHU4YeHHOCTb,
KoTopas 6blna NpoBepeHa MyTeM OLEHKU BO3pacTa U mMacLiTaba UCKaKEHWUIA, BO3IMOXHbIX BCMes-
CTBMe MeTamopduama. Bbin cAaenaH BbIBOA O TOM, YTO M3y4YeHHble MeTaMop(uyeckne MopoAbl
ObININ LENNKOM NepemMarHuyeHbl B MOCNEAHIO CTaAWNI0 MeTaMopdu3Ma 1 YTO OPMEHTUPOBAHHAA
MarHWTHas CTPYKTypa MOrfia okasaTb Mlb NpeHe6peraemMoe BAMSIHWE Ha HanpaB/eHne o0cTaTou-
HOli HaMarHW4eHHOCTMK.

XapaKTepHble HarnpaBieHUs 0CTaTOYHOW HaMarHNYeHHOCTWN — KakK [0, TaK ¥ Noc/e TEKTOHU-
UecKoii MonpaBKU — CYLLECTBEHHO OT/IMYAKOTCA OT COBPEMEHHOr0 MarHWTHOrO MoNs peruoHa.
Pa36poc 3HaueHUii CAMLLUKOM BeNMK, TaK YTO NaneoMarHWTHbIe HampaBnaHWs He MOrAU GbiTb
onpefeneHbl ANS KaXKA0A TEKTOHUYECKOWH eAMHULbI B OTAeNbHOCTU. HECMOTPSA Ha 3TO, TEHAEHLMK
K NMOBOPOTY CK/MIOHEHWIA MOTYT 6GbiTb YCTAHOB/EHbI Y UHTEPNPETUPOBaHbI B KaueCcTBE TEKTOHMYeE-
cKnX. MeHHMHCKMIA MOKPOB 06HapY)XMBaeT NOBOPOT MO YaCOBO CTPesike, a ero BepX1m — COBMECT-
HO C KapnaTtCKUM W 6afieHCKUM 4eX/IOM — MNPOTWB YacoBOI CTpenku. MoBOpOT Bexcenbckoro
,'OKpOBa yCTaHaB/IMBAETCb HEHAZEXHO B CBA3M C Ma/ibIMU HaK/OHeHUsMW. HabnogaeMble MoBopo-
Tbl MOTYT BbITb CBfi3aHbl B MEPBYHO 04epefib CO CPeAHEMUOLLEHOBLIMU TEKTOHUYECKAMU LBUKEHUS-
MW, MPOSIBUBLLMMMUCA KakK NOC/e HaKOMMEeHUS KaprnaTCKUX OT/IOXEHWI, Tak W nocne nocnegHei
hasbl metTamopgumama (20 MaH. NeT).






