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Palaeomagnetic constraints for Variscan mobilism of the
Upper Silesian and Matopolska Massifs, southern Poland —

reply

GENERAL REMARKS

In his earlier papers, J. Nawrocki (19934, b) has argucd that Upper Silesian Block (USB,
southern Poland) was an integral part of the Old Red Continent (ORC'Y in the Middle
Devonian, based on the position of palaeomagnetic pole I obtained from the Eifelian/Give-
tian dolomites of the USB. I have shown (M. Lewandowski, 1994) that this concept is
doubtful, since it leads to a confusing ORC Middle Devonian palaeogeography, in which
carbonate oolite of the Laurentian craton had to be deposited at too high palaeolatitudes.

Accounting for the ca. 70 Ma time error associated with the palaeopole D and aiming
to solve overmentioned palacogeographic paradex, I have reinterpreted palacomagnetic
data by J. Nawrocki (19934, &) accordingly. A newly created general seenario of the
" Variscan mobilism of USB, involving dextral strike-slip block translations and/or intra-
block vertical-axis rotations is an original approach {(not just a comment, as suggested by .
Nawrocki) that does not require elimiration of the existing palacomagnetic data and it is
not handicaped by the drawbacks of the former interpretations (J. Nawrocki, 19924, b, see
M. Lewandowski, 1993, p. 56).

In the comment, kindly put forward by J. Nawrocki (1995, p. 272-282), he rejects my
interpretation and concludes: “None of arguments presented by M. Lewandowski {1994)
imply the necessity of mobilistic interpretation...”. As a matter of fact, I did not imply
necessity but just possibility, which makes some difference. Since, however, no arguments
of mine have been regarded important by J. Nawrocki, there is nothing to do but leave his
comment without reply, as it looks that we practice different palacomagnetology, indeed.
This paper is therefore intended as a necessary supplement to J. Nawrocki’s comment,
consisting the merits unspoken by my opponent. Since not all remarks by J. Nawrocki
require broader discussion, I will refer to some of them only briefly. The more important
points I wili discuss in the later sections.

1. Time error problem. In his comment J. Nawrocki supported my estimation in this
respect, One should just to note that, although the source data are still the same, the age of
the remanence D is gradually getting older in the successive papers by J. Nawrocki (from
Givetian/Frasnian through Givetian down to Eifelian — cf. J. Nawrocki, 19934, b and this
volume, respectively).

! Understood as Baltica and Lavrentia in the fit of Bullard and his colleagues.
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2. Precision of the palacomagmetic record. With respect to the precision parameter £,
I would like to make it clear that I was interpreting the & value on the sample level (ca. 77)
— quite adequate to the problem, as it averages the laboratory errors. With respect to the
spatial variability of mineralization, I am a bit surprised by J. Nawrocki’s reluctance to
acknowledge such a possibility. In my experience, composition and distribution of magnetic
cartiers can vary within one sample, not to mention over a distance of several hundred
mefres.

3. Reliability of the direction C, obtained from the Namurian/Westphalian clastics of
the Upper Silesian Coal Basin (USCB, an integral part of the USB). Given a negative
polarity test for direction C (information that appeared later than my paper of 1994), it’s
likely that the sediments hosting this remanence may be handicapped by an unresolved
component, so they should be reinvestigated. It should be noted that the problem of the
reality of the C direction is relevant to the mobilistic scenario presented by J. Nawrocki
(19924, &) for USB but has no meaning for the mid-Palaeozoic rotations of the Matopolska
Block (M. Lewandowski, 1991, 1993), since the latter was an earlier event.

4. The Late Carboniferous palaeogeography, depicted in Figure 3 can hardly be
eommented on for it is a specific mixture of different ideas on the consecutive stages of the
Variscan orogeny. With respect to Armorican unit, it is portrayal of the one of two of
scenarios presenfed by I. B. Edel and M. Lewandowski (1993). Suggested by J. Nawrocki
independent northward drift of Armorican bloeks in the Stephanian-Early Permian time,
allegedly postulated by J. B. Edel and M. Lewandowski (1993), is a myth resulted from the
misunderstanding of the text, since we have underlined that the youngest palasomagnetic
overprint {A4), observed along the Variscan belt of Europe, is compatible with the late
Carboniferous-Early Permian poles of Baltica, indicating common northward movement of
the blocks under discussion.

THE ORIGIN OF NRM

Judging from the comment it seems that J. Nawrocki does not perceive that in my paper
I have not excluded the possibility that pole D from Siewierz is of Bifelian/Givetian age.
Nonetheless, J. Nawrocki questions my suggestion on diagenetic, secondary origin of
magnetile in Siewierz dolostones and maintains, without evidence, that the remanence is
primary.

To support his view J. Nawrocki cites Z. Betka (1993) to indicate that the dolostones
from Siewierz area were never been heated in the geological past. First of all, dolostones
from the Mata Wioska and Podle$na quarries are not on the list of exposures investigated
by Z. Betka (1993). From the map by Z. Betka (1993, his Fig. 8) it is obvious that the
dolostones from Siewierz are situated in the area where the conodont alteration index (CAI)
varies trom 1 to 5. The closest to the formation in question are the (Givetian rocks
encountered in borehole §-43, which has yielded CAI =2 (see Z. Betka, 1993, his Table in
the Appendix}. Fluid inclusion studies of ore-stage minerals reveal that ores of Mississippi
Valley-type were commonly formed in the 70-140°C range (D. T. A. Symons, D. F.
Sangster, 1994, although temperatures 200°C were also encountered, see H. Pan etal., 1953)
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that corresponds to CAI values of 1-2 (max. 3, respectively). Hence, a thermochemical
overprint in the Siewierz dolostenes cannot be excluded.

Remagnetization due to migration of fluids during orogeny is not a single, time and
space restricted event as suggested by J. Nawrocki. It has been proven that orogeny-induced
remagnetization is a general process that has affected many Phanerozoic foreland sediments
on the North American craton. It was repeated several times, from the Acadian orogeny
{(e.g. Newfoundland zinc deposits, H. Pan, D. T. A. Symons, 1993) through Ellesmerian (D.
T. A. Symons, D. F. Sangster, 1992), then post-Middle Mississippian/pre-Late Pennsylva-
nian (H. Pan ef al., 1993), subsequent stages of Alleghenian (D. Suk et al., 1993¢, b, D. T.
A. Symons, D. F. Sangster, 1994), up to Laramide orogeny (¢.g. Pine Points Zn-Pb deposits,
D. T. A. Symons er al, 1993). Palacozoic formations of the USB were in a similar
geotectonic position relative to the Variscan front as their North American counterparts
were with respect to the Alleghenian orogenic belt, hence they might have experienced
remagnetization associated with orogeny-driven fluids. Spatial variability of mineralization
and associated magnetization is quite expectable, bearing in mind the multiplicity of factors
that control these processes. Formations that experienced several events of remagnetization
may carry acomposite or simple magnetization, the latter being an effect of a total overprint.
Remanence D could be, therefore, obliterated by a younger overprint on the areas farther
south of the Siewierz platform.

THE AGE OF MAGNETIZATION

J. Nawrocki argues for primary origin of characteristic natural remanent magnetization
(NRM) in dolostones of the Siewierz area, relying on the similarity of his pole IF with the
one Middle Devonian pole from Eifelian ophiolites of the southern Mugodzhar region
(South Urals). Note that in the paper to which I have most referred (J. Nawrocki, 1993a),
the age of remanence has been determined as Givetian-Frasnian, hence J. Nawrocki's
complaint that I have used the poles from the Upper Devonian of the ORC for comparison
is not justifiable. By the lowering of the age of remanence D down to the Eifelian, J.
Nawrocki has not achieved very much since the southern Laurentia was not situated under
latitude of S0°S in this time, too (cf. C. R. Scotese, W. S. McKerrow, 1990, P. A, Ziegler,
1989; R. Van der Voo, 1993).

My opponent regards the pole from the Middle Devonian ophiolites of the Mugodzhar
region {South Urals) as the key reference pole for Baltica and points out that I have used
this pole for construciing my apparent polar wander path (APWP) for this palacocontinent.
(I did it following the M. A. Smethurst and A. N. Khramov ([1992) data compilation, but I
have not used this particular pole to draw any geotectonic conclusion for they note that the
pole is of “._limited reliability and should be interpreted with caution.”). On the other hand,
J. Nawrockd regards the APWP by T. H, Torsvik et al. (1993) as the most reliable one (see
my remarks in M. Lewandowski, 1994). However, the most reliable APWP does not include
J. Nawrocki's key pole, as T. H. Torsvik e al. (1992, 1993) did not include the Middle
Devonian ophiolites from the South Urals inte Baltica.

Having read(?) the paper by A. N. Didenko and D. M. Pechersky (1989) J. Nawrocki
has come to the conclusion that these authors have changed their previous opinion about
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tectonic mobilism of the Mugodzhar ophiolite suite. In fact, from the text by A. N. Didenko
and D. M. Pechersky (1989) we can easily learn that the pole under discussion represents
only the eastern part of the ophiolite suite whose magnetization is similar to the pole DII,
reported by A. N. Khramov (1982) as characteristic for the Silurian/Devonian {not Eifelian!)
of the Russian Platform. By refetring to the paper by A. N. Didenko and D. M. Pechersky
(1989), therefore, J. Nawrocki indirectly confirms that his pole D overlaps exactly the
pre-Eifelian poles. It is worth mentioning that magnetization of the western part of the
ophiolite is different, although equally well defined as the eastern one, which suggests that
some, yetunrecognized, tectonic correction is required to obtain characteristic, overall mean
formation magnetization.

A.N. Didenko and D. M., Pechersky (1989) were certainly aware of this problem, since
they write as follows: “The palaeomagnetic inclinations are similar except one (Tab. 7) but
palacomagnetic declinations are significantly different, which can be accounted for in the
most logical manner by block rotations about a vertical axis. This is in agreement with the
geological situation {Fig. 1).” and later: “Prior to the Permian (the time of post-folding
remagnetization), the allochton (i.e. ophiolite complex — M. L.) was thrust upon the
continent, producing appreciable deformation and block rotations.” The same text (in
Russian) the reader may find in the paper by K. S. Burakov e al. (1984). Why, therefore,
J. Nawrocki has understood the view of A. N, Didenko and D. M. Pechersky as opposite to
the previously formulated one and why he considered the Mugodzhar Block stable with
respect to Baltica, I can not really guess. Is this an example of the “discerning analysis”, as
J. Nawrocki calls his own research in the Polish summary?

For a more detailed geotectonic story of the Mugodzhar region, comprising the Late
Eifelian-Early Givetian formation of oceanic crust, subsequent oblique convergence and
collision in Late Devonian-Early Carboniferous time, accomplished eventually by a sub-
sequent large-scale thrusting due to collision of the Kazakhstan Plate with the East-Euro-
pean eastern continental margin, the reader is kindly referred to the paper by L. P.
Zonenshain et gl {1990). This should dispell J. Nawrocki’ sreservation to the post-emplace-
ment mobilism of the ophiolite of the South Urals.

J. Nawrocki certainly overestimates the meaning of the high quality index Q. R. Van
der Voo (1990, 1993) indicated that, for a given time interval, palaeopoles of O higher than
value of 2 display the same scatter with respect to the overall mean. The reason for rejection
the “highest quality index” approach in a construction of APWP was too few entries, which
led to a starkly underdetermined APWP (R. Van der Voo, 1990}. Moreover, there is no
doubt that some of the highest quality poles represent secondary magnetization. Paradoxi-
cally, evidence for this also comes from J. Nawrocki, who states that good quality Devonian
poles (namely four he has chosen) from North America are very dispersed! This gives J.
Nawrocki reason to call the Devonian part of the North American APWP artificial, leaving
without answer the question as to how the most reliable poles could produce an artificial
APWP. I cannot understand why the Devonian APWP based on the two highest quality
poles for Baitica, is superior to the coeval APWP constructed for 43 palaeopoles averaged
by time intervals for the ORC (see R. Van der Voo, 1993). This is the critical question, as
the former path introduces discord between QORC facies distribution and palaeoclimatic
zonation in the Devonian, while the latter does not,
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It is well known that relying only on single poles (whatever quality) may lead to the
palaeogeographic nonsense. This has happened to J. Nawrocki, since his Figure 1 implies,
asignificant overlap of Laurentia onto Baltica {Laurentian poles lie too far to the south-west
when compared to the APWP for Baltica in Bullard’s reconstruction of the ORC).

CONFIGURATION OF THE OLD RED CONTINENT IN THE MIDDLE DEVONIAN

In the comment on my paper J. Nawrocki argues against my data and interpretations
although the proper targets for the critics should be the reconsiructions by C. R. Scotese
and W. 5. McKemow (1990), P. A. Ziegler (1989), R. Van der Voo (1993) and others, who
show Laurentia, incorporated into the ORC, straddling the equator in Middle Devonian
time. To weaken my palacogeographic arguments, J. Nawrocki recalls the idea of large-
scale sinistral offset along the Great Glen Fault (R, Van der Voo, C. R. Scotese 1981) —
disproved long ago (T. H. Torsvik, 1984, 19854, &; J. C. Briden ef al., 1984) and perhaps
forgotten by the creators.

J. Nawrocki points out (after B, I, Witzke, 1990) that carbonate volite might be deposited
up to 45° of ]atitude, not mentioning that this concerns one site only. The reconstruction of
the ORC according to his pole D (M. Lewandowski, 1994, his Iig. 4) requires that the bulk
of carbonate oolite of Middle Devonian age of Laurentia has to be situated at a palaeolatitude
of 40-50"S, while B. J. Witzke (1990) places them within the range of 5-25°S. C. R. Scotese
and S. F. Barrett (1990) calculate that carbonates have maximum likelihood of occurring
between 15 and 25° latitude, giving only a 3% chance for development of carbonates
between a latitude of 45°and the geographic pole. Consequently, there are the same chances
for J. Nawrocki’s concept that the final welding of the USB with the ORC had already taken
place in the Middle Devonian. With respect to Gondwana, some part of this palaeocontinent
could really be at distinctly higher atitudes, but this certainly does not apply to its carbonate
shelf; given the size of this megacontinent, Gondwana must have included polar environ-
ments at the geographic pole at the same time as carbonate facies in the tropics.

By the way, Il am indebted to J. Nawrocki for his remark on the age of rocks from Bukowa
Géra — indeed, they are of the uppermost Emsian age, while the remanence is probably
Middle-Upper Devonian (M. Lewandowski et al., 1987). However, I do not agree that
uppermost Eifelian sandstones do not occur in the Holy Cross Mts ; it is unknown if they
oceur.

MOBILISM OF THE MAEOPOLSKA BLOCK AND
PALAEOMAGNETIC DATA FROM USB

The fundamental assumption of J. Nawrocki {19934, &) for disproving the strike-slip
movement of the southern Holy Cross Mts., was structural unity of the USB and MB since
the Late Silurian onwards (“It is obvious that the Matopolska Massif (MB — M. L.) was
behaving similarly (to USB — M. L.) because of the tectonic framework of these areas.” J.
Nawrocki, 1993a). According to J. Nawrocki (1993a), this idea was supported by many
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Polish geologists. Following J. Nawrocki {19934, &) I have also extrapolated palacomag-
netic data and resulted geotectonic implications from the USB over MB (M. Lewandowski,
1994). To my surprise, ignoring this time the opinion of many Polish geologists, J. Nawrocki
(1995) wrote without explanation: “Possible movement of the Upper Silesia block does not
have to indicate the necessity of occurrence of such movement in the Holy Cross Mts. area.”
‘This implies that J. Nawrocki, does not consider the USB and MB a coherent structural unit
any more. One would, therefore, expect that J. Nawrocki will retract his negation of Variscan
mobilism of MB, since it has been formulated under a wrong assumption.

NEW TEST OF PALAEOMAGNETIC STABILITY

J. Nawrocki has presented a new test to determine palaeomagnetic stability of a rock.
By now, a higher unblocking temperature (T,;) has been considered a necessary and
sufficient condition for palacomagnetic stability of rocks, since the process of acquisition
of viscous remanent magnetization (VRM) is related to the low T, prains. This is because
domain wells of such grains can easily cross energetic barriers and record a VRM. The
coercivity of the high T, magnetic grains have not been considered important for magnetic
stability of rocks, since the T, is the first-order factor that controls magnetic stability in
geological time. That is why we clean a rock specimen by means of alternating field (AF)
method at the room temperature first and then we subject it to thermal cleaning, if any
remanence is still left.

J. Nawrocki has reversed the standard palacomagnetic brocedure to ascertain that the
specimen kgdd 500 of the Gruchawka Formation displays very low coercivity after heating
in 450°C. This observation has led J. Nawrocki to the conclusion that the specimen is
unreliable,

From the fact that only 6% of the initial remanence was left after thermal cleaning, I can
guess that remanence may reside in Ti-magnetite (typically a low-coercivity, moderate T,
magnetic phase). Bearing in mind that bigger grains display higher T,, but lower coercivity
(and vice versa}, what kind of response to AF cleaning may be expected from this type of
carrier after heating in 450°C, when most of the smaller grains have been relaxed in the
free-field space and only the bigger ones remained palacomagnetically oriented? Nothing
else than it has been ascertain by the experimentor. Does it mean that we have to reject all
pataeopoles defined for rock containing Ti-magnetite rocks that otherwise have been proved
to carry as old as a Palaeozoic remanence? Perhaps so, but how the coercivity of the heated
specimen translates into terms of palacomagnetic stability and how magnetic carriers
interact in a sedimentary matrix J. Nawrocki does not explain. By application of AF to the
specimen from Gruchawka, J. Nawrocki has only intreduced spurious magnetization that
obscured a well-defined, shallow northwesterly characteristic component (see orthogonal
diagram of his Fig. 4), similar to that from the Upper Emsian sandstones farther east of
Kielce (cf. M. Lewandowski, 1991)..

Since J. Nawrocki declares that the investigated specimen is representative for the Lower
Devonian Gruchawka Formation (see his Fig.4}, it therefore confirms rather than denies the
reality of significant departure of the direction of the characteristic remanence, residing in
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the rocks in question, from a reference, coeval direction of Baltica. Consequently, contrary
to J. Nawrocki’s opinion, it speaks in favour of post-Early Devonian mobilism of MB,.

The test described above has prompted J. Nawrocki to call the pole from the Emsian
sandstones (M. Lewandowski, 1951) very suspect. I would very much like to see, therefore,
what the coercivity of a Siewierz dolostone would be after heating above 450°C. Taking
specimens from Podle§na quarry (J. Nawrocki, 15934, his Fig. 2} as examples, they reveal
a lack of any remanence at ail, so there is nothing left for later AF treatment. Consequently,
the dolostones of Siewierz should be considered less stable than the sandstones of Gruchaw-
ka and, with a clear conscience, J. Nawrocki may address suspicion to his own data.

Relying on the experiment, carried on the Siegenian?-Emsian? (J. Malec, 1993) Gru-
chawka Formation from Kielce, J. Nawrocki infers palaecomagnetic properties of the
younger (the Upper Emsian) sandstones, located some 3040 km eastward and concludes
that they have also have low coercivity, since the directions in both formations are similar.
Then he extrapolates his conclusion onto various Varscan formations of Central and
Western Europe, suggesting that their palacomagnetic record may also be unreliable for the
same reason. In other words J. Nawrocki assumes that similar palacomagnetic directions,
whatever age and region, belong to the same genetic population. Consequently, it is enough
to disprove one in order to reject all the rest. Such an induction does not follow generally
accepted standards of scientific reasoning and, as such, cannot be approved.

SUMMARY

This paper indicates that the relatively stable model for the post-Early Devonian
geotectonic development of the Upper Silesian Block (southern Poland) is based on an
illusive superiority of individual, very well-defined palaeopoles, over the majority of
sufficiently, well defined palaeomagnetic poles. It has been, therefore, documented that the
key pole for this concept has been erronecusly used by J, Nawrocki since it represents only
one structural unit of the otherwise strongly rotated ophiolite suite of the South Urals. It has
also been substantiated that recognition of palacomagnetic stability from the coercivity of
a specimen previously demagnetized by means of temperature has no foundation in the
physical background of palaeomagnetism, hence the test is rejected.

Instytut Geofizyki
Polskicj Akademii Nauk
Warszawa, ul. ks. Janusza 64
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Marek LEWANDOWSKI

PALEOMAGNETYCZNE OGRANICZENIA MOBILIZMU WARYSCYJSKIEGO
MASY WU GORNOSLASKIEGO [ MALOPOLSKIEGO — REPLIKA

Streszezenie

W odpowiedzi na komentarz J. Nawrockiego wskazano, Ze postulowana przez tego autora poeifelska
stabilnogd bloku gdmoslaskiego wzgledem Baltiki oparta jest 0 iluzoryczng wyzszo$éé zbioru kilku paleobiegunéw
o najwyiszym w skali siedmiostopniowej wskaZniku wiarygodnodci { nad zbiorem wielu paleobiegunéw, z
ktdryeh kazdy ma wartoié 0 > 2.

Jednoezesnie udokumentowano, 2e kluczowy dla argumentacji J. Nawrockiego paleobiegun z poludniowego
Uralu pochodzi z kompleksu offolitowego, kidry podlegal poeifelskiej rotacji, w zwigzku z ezym nie moze byé on
reprezentatywny dla pozycji paleogeograficznej Baltiki w etflu.

Zwrécono uwage, #¢ test stabilnogei paleomagnetycznej autorstwa J. Nawroekiego, pelegajgcy na badaniu koerci
prdbki skalnej po jej uprzednim rozmagnesowaniu temperatura, nie ma uzasadnienia w fizycznych podstawach
paleomagnetyzmu i, jako taki, nie moie byé¢ podstawg wyciagania jakichkolwiek wnioskéw.

COMBINED REFERENCES

ALEXANDROWICZS. W.(1970) — Lower Devonian sediments al Klucze near Clkusz (in Polish with English
summary). Rocz. Pol. Tow. Geol., 40, p. 151-166, no. .

BELKA Z. {1993) — Thermal and burial history of the Cracow-Silesia region (southern Poland) assessed by
conodont CAT analysis. Tectonophysics, 227, p. 16[1-190.

BRIDEN J.C., TURNELL H. B., WATTS D. R. {1984) — Brilish palcomagnetism, Japetus Ocean, and the Great
Glen Fault. Geology, 12, p. 428431,

BURAKOV K. 8., DIDENKO A.N., PECHERSKY D. M. (1984) — Otsenka geomagnitnove polya w sredniem
devonie po obozhzhennym kremnistym porodam i gabro {yuzhnyje Mugodzhary). Fiz. Ziemii, 8, p. 45-59.

DIDENKO A. N., PECHERSKY D. M. {1989} — Direetion and intensity of the geomagnelie field in the Middle
Devonian and Lower Ordovician: southern Mugodjary ophiclites (Urals). Phys. Earth Planet. Int., 8, p.
289-306.

EDEL 1. B. (1987) — Paleoposition of the western Europe Hercynides during the Late Carboniferous deduced
from paleomagnetic data: consequences for “stable Europe”. Tectonophysics, 139, p. 31-41.

EDEL 1. B., LEWANDOWSKI M. (1993) -— Polyphased paleomagneltic overpanting in the central part of the
Variscan belt, with emphasis on the southemn Vosges Devonian — Dinantian basin, Geotecton, interpretation.
Geol. Carpathica, 44, p. 381-398, no. 6.

EDEL J. B., WICKERT F. (1991) — Paleopositions of the Saxothuringian {Nerthern Vosges, Pfalz, Odenwald,
Spessart) in Variscan limes: paleomagnetic investigalicns. Earth Planet. Sc. Leu., 103, p. 10-206.

ELMORER. D, CATES K., GAOD G., LAND L. (1994) — Geochemical constrainls on the edgin of secondary
magnclizations in the Cambro-Ordovician Royer Dolemite, Arbuckle Mountairs, southern Cklahoma, Phys.
Earth Planet. Int., 85, p. 3-14.

KHRAMOV A, N.(1982) — Paleornagnitologia, Nedra. Leningrad.

LEWANDOWSKIM, (199 1) —New paleainagnetic data from the Lower Devonian sandstenes of the Holy Cross
Mis. Publ. Inst. Geophys. Pol. Acad. Sc., A~19 (236}, p. 13[-150.

LEWANDOWSKI M. (1993) — Paleomagnetism of the Pajeozoic rocks of the Hely Cross Mts (Central Potand)
and the orgin of thc Yarscan oregen. Publ. Inst. Geophys. Pol. Acad. Sc., A-23 (265), p. 1-85.

LEWANDOWSKI M, (1994) — Paleomagnelie constraints for Variscan mobilism of the Upper Silesian and
Malopolska Massils, southern Poland. Geol. Quart., 38, p. 211-230, no. 2.

LEWANDOWSKI M., JELENSKA M., HALVORSEN E. (1987) — Paleomagnetism of the Lower Devonian
sandstones from Holy Cross Mts, Central Poland: Part |, Tectonophysics, 139, p. 21-30, no. 1/2.



Palaeomagnetic constraints...(reply) 291

MALEC J. (1993} — Upper Silurian and Lower Devonian in (he western Holy Cross Mis. Geol. Quart., 37, p.
50[-556,n0. 4.

NARKIEWICZ M., RACKI G. (1987) — Correlalion and sedimentary development of the Upper Devonian
between Dgbnik and Zawiercie in southern Poland {in Polish with English summary). Kwart. Geol., 31, p.
341-356, no. 2/3.

NAWRQCKI 1. (19924) — Pre-Permian paleomagnetic dircctions from European Variscan Fold Belt. Bull. Pol.
Acad. Se., Earlh Sc., 40, p. [-9.

NAWROQCKL J. {19926) — Aceretion-rotalion model of European Variscides (in Polish with English summary).
Prz. Geol,, 40, p. 719-721, no. 12,

NAWROCKI I, (19934) — The Devonian-Carboniferous platforin paleomagnetic directions from the Silesian-
Cracow area and Lheir importanee for Variscan paleotectonic reconstructions. Geol, Quar., 37, p. 397—430,
no. 3.

NAWROCKI J. (19936) — New middle Devonian paleomagnetic pole from Siewierz Anticline — the end of
conceplion of jarge-scale strike slip movements along SW margin of the East European Platform during
Variscan time!? {in Polish with English surmmary). Prz. Geol., 41, p. 853-856, no. 12.

NAWROCKI I. (1994) — Paleomagnetism of the Devonian-Carboniferous scdiments rom Silesia-Cracow arca.
Ph. D. Thesis, unpublished. Paristw. Inst. Geol. Warszawa.

PANH., SYMONSD.T. A, SANGSTER D. F. (1990} — Paleomagnetism of the Mississipi Valley-type ores and
host roeks in the northern Arkansas and Tri-State districts. Can. 1. Earth. Se., 27, p. 923-931.

PANH, SYMONS D. T. A,, SANGSTER D._F. (1993) — Palcomagnetism of the Gays River zinc-lcad deposit,
Nova Scotia: Pennsylvanian ore genesis. Geophys. Res, Lett,, 20, p. [159-1162, no, 12,

PAN H., SYMONS D. T. A. (1993) — Paleomagnelisin of the Mississippi Valley-Type Newfoundland zine
deposit: Evidence for Devonian mineralization and host rock remagnetization in the Northern Appalaehians.
1. Geophys. Res., 98, p. 22415-22427, no. B12,

PEGRUM R. M. (1984) — The exiension of the Tornquist Zone in the Norwegian North Sea. Norsk Geol. Tids.,
64, p. 39-68.

PIPER 1. D. A, ATKINSON D., NORRIS S., THOMAS S. (1991) — Paleomagnelic study of the Derbyshire lavas
and intrusions, ceniral England: definition of Carboniferous apparent polar wander. Phys. Earth Planet. [nr.,
69, p. 37-55.

REISINGER 1., EDEL J. B., MAURITSH H. J. (1994) — Latc Carboniferous-Late Permian paleomagnetic
overprintitg of Carboniferous graritoids in soulthern Bohemian Massif (Austda). Phys. Barth Planet. Int., 85,
p. 53-66.

SCOTESEC. R.,BARRETT S. F. (1990) — Gondwanan’s movemnent over the South Pole during the Palacozoic;
evidence from lithological indicators of climale. In: Palaeozoic paleogeography and biogeography (eds. W.
5. MeKerrow, C. R. Scolese). Gecl. Soc. Mem., 12, p. 75-86.

SCOTESEC. R., McKERROW W. 8. (1990) — Revised world maps and introduction. In: Palaeozoic palecgeo-
graphy and biopeogrophy {eds. W. S. McKerrow, C. R. Scotese). Geol. Soc. Mem.. 12, p. 1-21

SMETHURST M. A, KHRAMOV A. N.(1992) — A new Devonian paleornagnctie pole for the Russian Platform
and Baltiea, and relaled apparent polar wander patle. Geophys. J. In(,, 108, p. 179-192.

SPARKS N., MANNS., BAZYLINSKI D. A, LOVLEY D. R., JANNASCH H. W., FRANKEL R. B. ([990) —
Strueture and morphology of magnetite anaerobically-produccd by a marine magnctotactie bacterium and a
dissimilatory iron-reducing baeterium, Earth Planet, Sc. Lett., 98, p. 1-22.

STOLZ J. F., LOVELY D. R, HAGGERTY S. E. (1990) — Biogenie magnetite and the magnetization of
sedinents, J. Geophys. Res., 35, p. 43554362,

STORETVEDT K. M., TORSVIK T. H. (1985) — Palecomagnetism of the Middle-Upper Devonian Esha Ness
ignimbrite, W Shetland. Phys. Earth Planet. Int., 37, p. 169~173.

SUK D., VAN DER VOO R, PEACOR D. R. ([993a) — Origin of magnetite responsible for remagnetization of
Early Paleozoie limestones of New York State. I. Geophys. Res., 98, p. 419434, no. BI1.

SUK D.,, VAN DER VOO R., PEACOR D.R., LOHMANN K. C.(19935) — Late Palcozoic remagnetization and
its carrier in the Trenton and Black River Carbonates from the Michigan Basin. J, Geol,, 101, p. 795-808.

SLIWINSKI 8. (1964) — Mineralization of Devonian and Triassic rocks in the area of Siewierz (in Polish with
English summary). Roez. Pol. Tow. Geol,, 34, p. 151190, no. /2,

SYMONS D.T. A, PAN H.,, SANGSTER D. F,, JOWETT E. C. (1993) — Paleomagnelism of the Pine Point
Zn-Pb deposits. Can. I. Eanth Se., 30, p. [028-1036.

SYMONS D. T. A, SANGSTER D. F, (1992) — Late Devonian paleomagnetic age for the polaris Mississippt
Valley-type Zn-Pb deposit, Canadian Arctic Archipelago, Can, I, Earth Se., 29, p. 15-25.



292 Marek Lewandowski

SYMONS D. T. A., SANGSTER D. F. (1994) — Palacomagnetic methods for dating the genesis of Mississippi
Valley-type lead-zinc deposits. Spec. Publ., no. 10. Soc. Geol. Applied to mineral deposits Fonlbote (ed. Boni),
Scdiment-Hosted Zn-Pb Ores, p. 42-58. Springer-Verlag. Berlin-Heidelberg.

TORSVIK T. H. (1984) — Palacomagnetism of the foyers and strontian granites, Scotland. Phys. Earth Planex.
Int., 36, p. 163-177.

TORSVIK T. H. (1985a) — Magnetie properties of the Lower Old Red Sandstone lavas in the Mid-land Valley,
Scotland; palaeomaguetic and tectonic considerations. Phys. Earth Planet. Int., 39, p. 194-207.

TORSVIKT. H.{1985b) — Palaeomagnetic results from the Pelerhead granite, Scotland; implication for regional
late Caledonian magnetic overprinting, Phys. Earth Planet. [at,, 39, p. 108-117,

TORSVIK T. H., SMETHURST M. A, VAN DER YOO R., TRENCH A., ABRAHAMSEN N.,, HALVORSEN
E. (1992) —Baltica. A synopsis of Yendian-Permian paleomagnetic data and their paleotectonic implications.
Earth Sc. Rev,, 33, p. 133-152.

TORSVIK T. H.,, TRENCH A., SVENSSON . WALDERHAUG H. J. (1993) — Paleogeographic significance
of mid-Silurtan paleomagnetic results from southermn Britain — major revision of the apparent polar wander
path for eastern Avalonia. Geophys., J. Int., 113, p. 651-668.

VAN DER YOO R. {1988) — Paleozoic palecgeography of North America, Gondwana, and intervening displaced
terranes: Comparision of paleomagnetism with paleociimatology and biogeographical pattems. Geol. Soc.
Amer. Bull,, 100, p. 311-324.

VAN DER YOO R. (1990) —Phanerozoic paleomagnetie poles from Europe and North America and comparisions
with continental reconstructions. Rev. Geophys., 28, p. 167-206.

VAN DER VOO R. (1993) -— Palecmagnetism of the Atantic, Tethys and lapetus Oceans. Camhridge Univ,
Press.

VAN DER VOO R, SCOTESE C. R. (1981} — Paleomagnetic evidence for a targe (—2,000 km} sinistral offset
along the Great Glen fault during Carboniferous time. Geology, 9, p. 583-589.

WESTPHAL M. (1993) — Paleomagnetyzm i wiasnoéci magnctyczne skal. PWN. Warszawa.

WILSON R, L,, EVERITT C. W. F. (1963) — Thermal demagnetisation of some Carboniferous lavas for
paleomagnetie purposes, Geophys. J, R. Astron. Soe., 8, p. 149-164.

WITZKE B. 1. (1990) — Paleoclimatic constraints for Paleozoic paleolatitudes of Laurentia and Euramerica. In:
Paleozoic paleogeography and biogeography (eds. W. . McKerrow, C. R. Scotese). Geol. Soc. LondonMem.,
12, p. 57-74.

ZIEGLER P. A (1989) — Evolution of Laurussia. Kluwer Acad. Press. Dordrech-Boston-London,

ZONENSHAIN L. P, KUZMIN M. L, NATAPOV L. M. (1990) — Geology of the USSR: A plate-tectonic
synthesis. Geodynamic Ser., 21 {ed. B. M. Page). Am. Geophys. Soc. Washington,



