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from the Frankenwald Area (Northwestern Edge of the Bohemian Massif)
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Abstract. In the Frankenwald area (northwestern part of the
Bohemian Massif, mean geographic coordinates: 11.72°E,
50.33°N), 15 sites of mostly Upper Devonian and partly older
(Late Ordovician) diabases and pillow lavas have been sampled.
The entire region has been affected by the Variscan Orogeny
(Sudetian Phase) causing folding, uplifting and a low grade re-
gional metamorphism. For 11 of the 15 sites, consistent mean
characteristic remanence directions (ChRM) could be determined
after AF demagnetization and application of various techniques
for vector separation. Thermal demagnetization, though partly
confirming the alternating field demagnetization results, was in
general not successful. The characteristic remanent magnetiza-
tion of 8 sites, all of reversed polarity, cluster together with
a mean direction at D=198.9°, I= —~17.2° (N=8, R=7.877, k=
57.0, ag5=16.6°) before tectonic correction. They become dis-
persed (k="7.6) after tectonic correction indicating that the char-
acteristic remanent magnetization is syngenetic or younger than
folding.

Compared with the European APWP of Irving (1977), the
mean pole position obtained from the 8 sites (1'=164.4°E,
@'=457°N,K =82.3,445=15.5°) givesa Permian ageto the reman-
ence (270-240 m.y.). The magnetic overprint was probably caused

* Present address: Department of Geology, Busan National Universi-
ty, Busan 607, Republic of Korea

by the Variscan Orogeny of the region or possibly in connection
with the intrusion of the granites of the nearby Fichtelgebirge,
for which youngest cooling ages of 280 m.y. have been deter-
mined. The reversed characteristic remanence may be explained
by the reversed Kiaman interval (290-230 m.y.).

Key words: Palacomagnetism ~ Bohemian Massif — Paleozoic
palaeopoles

Geology and Sampling

The ““Frankenwald” in north-eastern Bavaria is a section of
the Saxothuringian Zone of the western part of the Bohemian
Massif. The geology of the area has been described by v. Horstig
(1964), and Wurm (1961, 1962). It consists of Paleozoic sedimen-
tary rocks (slates, limestones, greywackes and conglomerates)
ranging in age from the Middle Cambrian to Early Carbonifer-
ous time and volcanic rocks (diabases, diabase tuffs, keratophyrs)
with ages between the Ordovician and Early Carboniferous.
The entire region has been affected by the Variscan orogeny,
which caused folding and uplifting, mainly during the Late Car-
boniferous (Sudetian Phase). The intrusion of the granites in

Table 1. Sample locality name, geographic coordinates, age, rock-type, strike and dip of the strata

Site Locality Geographic Age Rock type Strike/Dip

coordinates

(°E/°N)
BL Blechschmiedhammer 11.690/50.397 Ordov.? diabase 240/25 NW
BS Bad Steben 11.656/50.366 Late Devon. diabase 55/30 SE
D Diirrenwaid 11.571/50.347 Late Devon. diabase 160/35 SW
ER Erbsbiihl 11.677/50.316 Ordov.? diabase 0/60 E
F Feilitzsch 11.934/50.357 Ordov.? diabase 10/20 E
H Hof 11.880/50.330 Ordov.? pillow lava 320/25 NE
HB Hof-Bad 11.930/50.312 Ordov.? diabase 50/50 SE
HD Haidt 11.944/50.339 Ordov.? diabase 120/50 SW
HO Hofeck 11.881/50.330 Ordov.? diabase 50/40 SE
K Koditz 11.839/50.321 Ordov.? diabase 270/30 N
L Langenbach 11.592/50.374 Late Devon. diabase 140/20 SW
NA Naila 11.698/50.321 Ordov.? diabase 110/45 SW
NT Neutauperlitz 11.958/50.299 Paleozoic pillow lava 330/30 NE
RO Rothenbiirg 11.768/50.312 Ordov.? diabase 180/15 W
W Weidesgriin 11.747/50.298 Ordov.? pillow lava uncertain

(horizontal?)
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Table 2. Palacomagnetic results

25

NRM natural remanent magnetization; ChRM . characteristic remanent magnetization, before and after bedding correction; N: number of
samples; R: resultant vector; D: declination; I" inclination; k- precision parameter; ags, Ags: semiangle of cone of 95% confidence; AF"
optimum alternating field in mT; 1’, ¢’ geographic coordinates of palacomagnetic pole position; Dy, I : declination and inclination,

respectively, after bedding correction

Site NRM ChRM
N R D(CE) I) &k a9s(>) | N R D(°E) I(%) k  aes(®) AF FCE)  @CN) Deorr.CE)  Leour ()
BL |21 1211 2153 -39 22 204 |14 13.575 200.7 —19.3 30.6 6.8 30-40mT 161.6 46.1 197.0 — 2.7
BS* |12 11.8 2947 79.5 651 5.0 |not possible to isolate ChRM — - - -
D 26 144 179.5 727 22 18.7 |11 10.296 1958 —14.4 142 11.2 3040 mT 169.1  45.1 182.1 -31.9
ER®*|14 121 21.2 748 6.9 14.2 |not possible to isolate ChRM — — — -
F 30 250 2206 846 58 10.6 9 8833 1969 —194 479 6.7 30-45mT 167.0 473 203.2 —15.9
H=* |22 21.0 241.1 83.3 20.5 6.6 |not possible to isolate ChRM — - - —
HB |14 126 43.1 808 9.0 125 |12 11.760 200.9 —30.6 458 6.0 45-50mT 158.0 52.2 239.1 —40.4
HD* |17 138 288.7 87.6 50 152 |not possible to isolate ChRM — - - -
HO |28 23.6 231.6 798 6.1 10.7 5 4962 1844 —12.2 1041 6.1 30mT 185.7  45.7 203.3 —40.0
K 23 19.6 188.6 54.1 64 11.5 9 8776 1954 — 42 357 7.8 30-60mT 171.5 40.0 196.9 +24.7
Lb 25 240 399 853 238 57 |19 18619 97.2 +844 472 47 30mT 28.1 47.8 215.6 +73.3
NA |14 106 2140 13.1 3.8 193 |11 10.504 209.6 —16.8 20.2 94 30mT 150.9  41.6 219.0 —60.7
NT®|20 19.2 351.7 78.6 245 63 |15 13.949 3048 +71.8 133 99 50mT 314.9 57.7 21.9 +62.8
RO |17 16.2 220.5 651 194 7.7 8 7.415 2084 —19.7 12.0 143 30-40mT 151.6  43.5 202.6 —26.2
we 6 55 1644 578 9.7 183 |14 13.835 1708 + 1.6 788 4.2 40mT 203.5 38.3 170.8 + 1.6
8§ 7.877 1989 —17.2 570 6.6 A =164.4°E N=8; R=17.085
@ = 457°N  D=203.7°
Mean ChRM direction before bedding K = 823 I =-254°
correction Ags= 5.5° k=76, 095=17.9°
Mean pole Mean direction of ChRM
position after bedding
correction

* Sites where no ChRM could be determined
® Discarded because of too steep an inclination
¢ Discarded because of uncertain tectonic position

the Fichtelgebirge (about 25 km SE of the investigated area)
occurred at that time and is believed to be responsible for a
anchi- to epizonal metamorphism of the Paleozoic rocks in the
Frankenwald area.

As mentioned above, the diabase volcanism occurred from
the Ordovician until Early Carboniferous times with strongest
activity during the Late Devonian. The ages of the volcanic
rocks (see Table 1) have been determined from the stratigraphic
relations with the fossiliferous sedimentary rocks. However, the
Ordovician ages are not certain and there are good arguments
(v. Horstig, 1964) that they are in fact mostly of Late Devonian
age.

A simplified geological map of the area is shown in Fig. I
(modified after Wurm, 1961). The 15 sampling localities are
shown as dots. More details about the sampled sites (geographic
coordinates, age, rock type, strike and dip) can be taken from
Table 1.

From each site, a large number (see Table 2) of oriented
cores and hand samples have been taken. The very low magneti-
zation of the rocks allowed the use of a magnetic compass for
orientation.

Palaeomagnetic Measurements

Natural Remanent Magnetization, Q-Ratio

The measurement of the remanent magnetization has been car-
ried out with a Digico spinner magnetometer. All specimens
with a magnetization less than 0.5x 1073 A/m have been dis-

carded (89 specimens=6.8%) in consideration of lack of pre-
cision of the magnetometer in our laboratory. Most specimens
had NRM intensities between 1-100 x 107> A/m.

The Koenigsberger ratios Q determined from an inducing
field of 0.474 Oe=47.4 uT have a maximum at Q=0.1, which
is about two orders of magnitude smaller than Q of Tertiary
volcanic rocks (e.g. Becker, 1978) and indicates that the primary
thermoremanent magnetization (TRM) of the diabases and pil-
low lavas may have decayed considerably or has been replaced
by a secondary magnetization.

Table 2 gives the mean directions of NRM of all sites. With
few exceptions, the precision parameter & was less than 10 indi-
cating a large scatter. Figure 2 shows the means of all sites
together with the cones of confidence. The present geomagnetic
field in the sampling area (asterisk) has no major influence on
the NRM directions. In only one case it is situated within a
cone of confidence (site ER). The means have a trend towards
a great circle distribution between a very steep direction with
positive inclination and a shallow direction with negative inclina-
tion in the third quadrant (site BL). This distribution of the
directions indicates that the NRM is composed of at least two
remanence components.

Demagnetization Experiments

Alternating Field (AF) Demagnetization. AF demagnetization
was made with a Highmoor AF demagnetizer (maximum field
1,000 Oe= 100 mT). The occasional application of higher fields
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Fig. 1. Geological map of the sampling area (simpli-
fied, after Wurm (1961)) showing sampling sites
(closed cireles). Open circles: localities HOF, Naila
(N), Miinchberg (M).

Fig. 2. Equal area projection of the site mean NRM directions together
with their ag5 cones of confidence. All sites except site BL have a
positive inclination. Note the great circle distribution. Asterisk: direc-
tion of the present geomagnetic field in the sampling area

with a home made AF demagnetization apparatus (maximum
field: 2,500 Oe=250 mT) yielded no general improvement. As
it was very difficult to isolate a stable and consistent direction
of characteristic remanence (ChRM), different methods of analy-
sis (stable endpoint method (Irving, 1964), reversal test (Cox
and Doell, 1960), minimum scatter (Dagley and Ade-Hall, 1970),
vector differences (Roy and Park, 1974; Hoffman and Day,
1978) and Zijderveld diagrams (Zijderveld, 1967; Dunlop, 1979)
had to be applied simultaneously. Only sample means with an
internal precision parameter larger than 15 have been used for
the computation of a site mean direction. Furthermore the results
of specimens with a magnetization less than 0.5x 10™% A/m have
been omitted (see above). Figure 3 shows some typical examples
of demagnetization experiments plotted in Zijderveld (1967) or-
thogonal vector diagrams (see also legend of Fig. 3). An example
of the presence of two almost antiparallel components of differ-
ent stability is given in Fig. 3a (Na 30/2/3).

Thermal Demagnetization. Thermal demagnetization was carried
out using a nonmagnetic furnace described by Schweitzer (1975).
The laboratory field was compensated by double p-metal shield-
ing and Helmholtz-coils. This demagnetization method was ap-
plied in order to test the results obtained by AF demagnetization

MMM

a: Amphibolites and green schists; b: Lower Carboni-
ferous — Upper Devonian, mainly greywackes and
schists; ¢ Ordovician, mainly schists; d: granites of
the Fichtelgebirge, cooling ages from 280-310 m.y.;
e- Devonian sediments, diabases and keratophyrs;
f: Lower Carboniferous; g: Gneisses of the Miinch-
berger Gneismasse

MR

o

8.

12

and to investigate all those sites where AF demagnetization failed
to yield a consistent direction. However, thermal demagnetiza-
tion was unsuccessful in many cases, as shown in Figure 3b
(specimen from site ER). This was mainly due to the instability
of maghemite (see below) at elevated temperatures.

Characteristic Remanent Magnetization (ChRM )

The final results together with their statistical parameters are
listed in Table 2. The optimum peak alternating field in mT
is also given. For sites marked with a, no consistent remanence
direction could be obtained with any of the techniques mentioned
above. The sites L and NT have a mean remanence direction
very close to the NRM direction with a steep positive inclination
(even after tectonic correction, see below). They have been dis-
carded. The direction of site W is also apart from those of
the others and has therefore not been included in the computa-
tion of a mean ChRM direction. The remanence directions of
the other 8 sites are well grouped (see Fig. 4) and give a mean
of: D=198.9°, I=—17.2°, k=57.0 and aq5=06.6°. It is noticeble
that all ChRM directions are of reversed polarity. We will refer
to this point later.

Application of Bedding Corrections

The diabases which have been sampled are located within compli-
cated geological structures. Strike and dip at each site is listed
in Table 1. The ChRM directions corrected for the bedding are
listed in Table 2. The 8 directions, well clustered, before bedding
correction become more dispersed by the correction, while the
mean value does not change very much. The exact figures can
be taken from Table 2. The precision parameter drops from
k=157.0 before to k=7.6 after bedding correction indicating that
the ChRM direction is of the same age or younger than folding
(Graham, 1949). We will discuss this again below.

Rock Magnetism and Polished Section Studies

The induced magnetization in a 300 mT field was measured as
a function of temperature (J/T-curves) in order to identify the
carrier of magnetization. The Curie temperatures were in general
between 500° and 560° C. Most curves show a sharp drop of
J at around 350° C in the heating cycle, but not in the cooling
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Fig. 3a, b. Remanence during stepwise demagnetization. Closed sym-
bols. horizontal components. Open symbols. plot of the horizontal
component y versus the vertical component z. The directions refer
to an internal coordinate system of the specimens. Temperatures and
peak alternating field values are given in ° C and mT, respectively.
a AF demagnetization of a specimen from site NA showing antiparallel
remanence components. b Thermal demagnetization of a specimen
from site ER, where no consistent remanence could be isolated

27

Fig. 4. Equal area projection of the site mean directions of characteris-
tic remanent magnetization before bedding correction. Open square.
mean direction with cone of confidence of 8 well grouped sites, omit-
ting sites W, L and NT Closed and open symbols. positive and negative
inclination, respectively

cycle. While the high Curie temperatures indicate a phase close
to magnetite, the drop of J near 350° C is interpreted as due
to the destruction of maghemite or titanomaghemite. Only a
few measurements showed indications of a primary titanomagne-
tite. Therefore the low temperature oxidation products of titano-
magnetites, namely titanomaghemite and maghemite can be re-
garded as the typical magnetic ore minerals of the diabases of
this study. The presence of metastable maghemite also explains
why thermal demagnetization was less successful than AF de-
magnetization.

The presence of (titano) maghemite could also be confirmed
by polished section studies. Only site F showed indications of
a high temperature oxidation (exsolution lamellae). In all other
diabases the primary titanomagnetites were seriously altered by
low temperature oxidation (formation of titanomaghemite) along
margins and cracks. In the rocks yielding no consistent reman-
ence direction at all (BS, ER, H, HD), the primary ore content
was almost completely replaced by unidentified, partly transpar-
ent, in any case nonmagnetic minerals (pseudobrookite?). The
condition of the ore minerals makes the presence of a primary
magnetization, such as a TRM, very unlikely. Details of the
polished section studies can be found in Kim (1981).

Pole Positions and Conclusions

From the 8 consistently grouped ChRM directions the virtual
geomagnetic pole positions have been computed and listed in
Table 2. A mean palacomagnetic pole postion at A’=164.4°E,
@ =457°N (K=82.3, Ags=5.5°) was obtained. It’s position
(Fig. 5) is very distant from other European Early to Middle
Paleozoic pole positions and indicates that the ChRM is in fact
much younger than the ages of the rocks. A comparison with
Irving’s (1977) pole positions gives an age of ChRM of 250 m.y.
The cone of confidence (5.5°) and the course of the APWP
limits the age to between 240 and 270 m.y. This must be the
time interval in the sampling area when Variscan folding took
place or came to an end and when the primary ore content
could have been replaced by secondary ore minerals.

It should be noted here that all well grouped sites are of
reversed polarity and that the age of remanence points to the
Kiaman reversed interval (290 to 230 m.y. according to McEl-
hinny, 1973).

We conclude therefore that the Middle Devonian (or possibly
even partly Ordovian) diabases in the Frankenwald area have
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Fig. 5. Apparent polar wander path of Eurasia since the Devonian

(simplified, after Irving, 1977). Numbers are absolute ages in m.y.

Closed square with cone of confidence: mean pole position of this

investigation, derived from the characteristic remanence directions be-

fore bedding correction, showing an Upper Carboniferous to Middle
Permian age of remanence of the Middle Devonian diabases

Y

been entirely remagnetized in Late Carboniferous to Middle Per-
mian during the Kiaman reversed interval of the geomagnetic
field. The remagnetization is probably related to the Variscan
Orogeny or eventually to the granitic intrusions at the end of
the Variscan Orogeny in that region (granites of the Fichtelge-
birge) with a youngest cooling age of 280 m.y. according to
Besang et al. (1976).

Since that time the different rock units have not been rotated
or tilted separately. Vertical movements of the block cannot
be excluded from the paleomagnetic data.

Our results seem to confirm the suspicion expressed by Creer
(1968) that most of the Paleozoic rocks from Europe and North
America have been remagnetized in Permo/Carboniferous times.
We think, however, that the remagnetization of the diabases
in the Frankenwald area is due to regional metamorphism during
the Variscan Orogeny. Van der Voo and French (1977) found
recently that the Ordovician red beds in northeastern America
have been remagnetized by the Appalacian Orogeny. It therefore
remains questionable whether Paleozoic rocks from Europe,
taken from regions which have been affected by the Variscan
Orogeny, can be used for reconstructions of the Paleozoic mobile
belts within Europe.

Finally, we want to draw the reader’s attention to the sites
which have been sampled near the town Hof (sites H, HB, HO,

Fig. 1). During Roman times, the name of Hof was Curia Var-
iscorum. From this the name of the Variscan Orogeny was taken.
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