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Post-folding characteristic remanent magnetization
of the Upper Deévonian Kostomloty Beds in the
Holy Cross Mts

ABSTRACT: Paleomagnetic ‘investigations of the folded Upper Devonian lime-

stones at Kostomloty in the Holy Cross Mits, Central Poland, revealed the pre-

sence of characteristic remanent magnefhlza‘bmn (CHRM), Its direction and space

relationship to the fold structures indicate that CHRM was acquired not later

than the Middle Carboniferous, superimposing ‘the fold structures alteady existing
in ‘their recent shape.

INTRODUCTION

During last years, a new approach to tectogenesis of the Holy Cross
Mts has been made. As a 'comsequence, some. fold struetures previously
- regarded as Variscan were recognized or in many cases suspected to be
of post-Cretaceous age (for detailed discussion see Kutek & Glazek 1972,
Racki & Zalpasnik 1979). However, the idea that Va;'Jscan structures
were disturbed in the Laramide cycle, well proved at the. southwestern
part of the Holy Cross Mts, stand still as an open question in the cen-
tral part of ‘this region where the Permo-Mesozaic ¢over upon the Paleo-
zoic ¢ore is lacking.

In this paper it is shown how, wmh the helrp oi paleomagnetlc data,
we are dble to resolve the problem of dating of fold structures in geolo-
~ gical time when conventional field methods are unsuccsful An idea

of the method applied here comes from Graham (see Irving 1964), who
proposed a ‘est, widely known-among paleomagnetists to establish the
stability of magnetization of folded rocks. According to Graham's me-
thod, 'the both limbs of a fold are sampled and directions of natural
remanent magnetization (NRM) are measured. The test is positive, if
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the reduction in scatter of the directions of NRM appears after correc-
tion for geological dip. The test is negative, if the scatter is smaller
before correction. The latter result means that the investigated fold
structure was remagnetized so ‘the remanence lis secondary in its origin.
Though secondary, the NRM does not have to e unstable. The introduc-
tion of laboratory tests for stabilily showed that the secondary rema-
nence may be persistent in geological time. Such a remanence is often
called ‘the charactenistic remanent magnetization (CHRM). The time
when CHRM was acquired must be established by comiparision  'the
CHRM direction with other paleomagnetic directions of well defined
time of acquistition, considered as primary and ‘taken from the stable
platform, to which rocks under study belong. In this way, the 'time
when the examined fold structure already existed may be established.
The above method was applied to determine the age of the folds within
the Kostomloty Beds well exposed in the northern part of the Holy
Cross Mts (see Text-fig. 1).
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for discussion. Thanks are also due to Professor A. Radwaniski (University "of
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FIELD AND LABORATORY METHODS

* “Ten independently worfentated paleomagnetic hand samples have been
taken from‘the folded limestones, belonging to the lower part of ‘the-
Kos’wnﬂoty Beds (Frasnian) well exposed at ‘the western end of the
Kostomloty Hills in the Laskowa Quarry (Text-figs 1—2). The folds
axes are approximately horizonta]l and (paralel to the axis of superior
structure (that is Miedziana Géra syncline; cf. -Text-fig. 1) trending
WNW-ESE Detailed analysis of ‘the Kostomloty Beds, its lithology and
stratigraphy including, is given by Szulczewski (1971) and Przyby—
szewska (1973).

Six cubic spe-c.imé.ns, cut from each sample, were demagnetized (by means of
alternating magnetic field. The peak amplitudes 'were increasing in steps 1o 600 Oe.
After each 'step, components of the NRM vector of each specimen were measured
with a spinner magnetometer JR-3. The results were averaged on the sample
level and ai'berw.ands, on the site level for a given demgm‘txwtuon step (Text-
-tig. 3). In the case of sample K10, thiee additional specimens wers subjected to
thermal delnag,netlzaﬁon in the \Paleomagnetmc Laboratoratory at the Departmeént
of Geophysics and -Planetary Physics, ‘University of Newcastle upon Tyne, which
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¥ig. 1. Geological skebch map of the north-western part of the Holy Cross Mts
(after Szulczewski 1971, Text-fig. 1; simplified), to show location of the Laskowa
Quarry (L) at Kostomloty village

1 Cambrian, Ordovician and Silurian, 2 Lower and Middle Devonian, 3 Upper Devonian, 4
Lower CarboniteTous, 5 post-Variscan cover (Zechstein — Upper Cretaceous)

Fig. 2. Fold structures in the Laskowa Quarry at Kostomloty; seme sampiing
places are indicated
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yielded the same results, in the range of experimental error, as the alternating
field cleaning method.

RESULTS

The mean resultant vectors of NRM are presented (Text-fig. 3) in
two coordinate systems (cf. Schmidt 1974):

(i) ancient coordinate system, in which the x,y plane caincides
with the primary surface of deposition
(i}') site coordinate system, in which the &,y plane is horizontal.

The x axis poinits north in the both above systems.

Due %o tthe fact that the NRM vector does not change its direction
during magnetic cleaning, it may be considered as stable (for details see
Irving 1964). In accordance with the criterion of Irving, the NRM di-
rection of 200 Oe level should be chosen as representative of the CHRM.,
The direction of CHRM is determined in the site coordinate system, in
which coincidence (@ = 8°) is much better then in ancient coondinabes
(a = 32°), where @ is the radius of the circle of confidence in which the
true mean of population of N directions lies’ with a probability of 95%b.

Site coordinstes Ancisnt coordinates

Oa | ] g oles Lt F 1 D s L . F

~ 7| 1.5 35 234 9.5 30N 6S ! 37 258 32,1 47" ON
150, [ 1.4 {47 227 7.9 29W 185 | 27 243 30.8 42w .45
| 200 | 1i0 | 14 235 7.9 20w 205 | 25 241 32.0 41w &S
‘300 | 0.6 | 12 223 8.3 ‘27w 225 | 24 239 33.1 3w s |
<400 | 0.3 | 12 ‘224 9.3 25% 245 | 25 235 - acw 6§ |{.
600 [ 0.3 | 13 - 222 10.4 26w - 235 | 256 237. . - 37w, 8s

Pig. 3. Resuﬂlts of demagnetization of the Lower Frasnian hmestones Jlrom K,os’to-
mbo‘ty -

H peak intensity of alternating magnetic field, In intensity .of NRM vector, 1 mv
c!mation, D. declination, o radius of the cxrcle of oomfndamce, L longi:tude of ‘pa-
ledmagndtlc pole, F . latitude of paleomagnetic pole _ _

The cohvengence m._zthe si-te-coordina-te systéem means that CHRM direc-
tion does not ‘depend on the geometry of fold structures (Graham's test
is negative); therefore, the fold structures must have -already existed
when the CHRM wals acquired.

The geological time of the acquistition of CHRM may be established indi-
rectly by comparing tthe direction of CHRM with the .so-called expected paleomag-
gnetic mean directions icf. Makkcowski 1975). For the aim of this work the. expec-



i N .
*3 x. 7
D . ) .
% ‘R 2 - 6
S x1 o 5
e » 4
b{ " N
1
it
>
1841
1T 1Tt 3
i
4+ N
0 »; v
TP IR
1 e Q
T NN
,_{H' L ANCARRS N
TR X Q
ihl H‘I‘I‘l‘ll S
T ERREARARESY & \
HERT SRR
- (BAENARE] . & 3 -
T N
1T .
jEEARES 3
| :
HH‘ o\
T ‘11 % LAV
T
TR
funs mNANE! WY
1T T u
am) (RENH
1 NAREENS
1a A NNENE] 4
fEiicts :
mana -
IEAREARRKN
HHHHA
NaS 4
Il L
1 Ul
M Y :
T4
4 ¥ H il i !
o |
i 1
9 € :
> ] ARRASRETNIE
T el t
PR e |
i T T !
o o H
an: T
gESANS 1] (AR ¥
] I LT
1T INEEREAR
S ann (NEERERN -
i - s
_H_1 7 /l
i
'y [
IH]
4 /17
2 UL
;
'
2 '
< 77 */” -‘«C St Sl LT,

Flg 4, Expected rpaleomagnetxc mean dmrectlon corurtted for geogrdrph»cal posmon
of Kielce in ithe Holy Cross Mts (cf. Text-fig. 1

Solid line -~ path based on the data given by !\rvmg (197, simplified), broken- lme — path
based mainly on the data from the Russian platform (given by “Paleomagnetic 'direction
and paleomagnetic poles. Data from USSR", published by the Sov. Geoph. Comm. Acad.
Sciences USSR, 1971, 1873, 1975, 1879). Amount of points, degcribing every period, determine
degree of the equal part division of this period [with exception of Russian data for which
only Middle (Baskhlﬂan and Moscovian stages) and Upper Carbonlferous (Urahan stage)
directions are presented, whereas Lower Carboniferous (Tournaisian — Namurian stages) are
rejected as unreliable]. Dotted . line is a border of ap; area, summarized for the both
paths. Declinations are given by meridians, inclinations by parallels of latitude Letter K
shows Kostomloty CHRM direction. Equal area projection

1 Devonian, 2 Carboniferous, 3 Permian, 4 Triassic § Jurassic, 8 Cretaceous, 7 Tertlary
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ted mean directions were _?:_alcularte!d on the ground of axial geocentric dipole
hypothesis, along geochronological time scale tfor the Holy Cross Mts latitude and
longitude. The base of calcxmaltu-ons were paleomagnetic pole positions from the
Russian platform, published up 0 1979, 1A dew poles from pre-Alpine’ stable area
were also ftaken. lPaleomgnehc poles based on undanagnetmze.d samplea were
rejected. - :

Comparatively, fthe pole | posmons given by Irvmg 1977) for northern
Eurasia were mecounted for the geographical position of the Holy Cross
area. The juxtaposition of the expected mean directions (Text-fig. 4) and
the CHRM direction revealed at Kostomloty leads to conclusion, that
the CHRM is of the Upper Devonian or Middle Carboniferous age. A
conforma,bﬂmty with the former is obtained after correction for. the
Permian 25° N dip, whereas a good ag:reement with the latter is: ach1e-
ved after tum.mg the fold structures of “c'he Kostomloty Beds in hon—
zon'tal plane by about 20° north. "

Generally pre-Permian age of the CHRM 'is also confirmed by the
data of McElhinny (1973) and Van der Voo (1974). The reversed pola-
rity of the CHRM alt Kostomtoty is an additional fact to support its Late
Paleozoic age, as opposite to contemporary. polarity was dominated dur-
ing that period. Therefore, the Kostomloty fold structures should be
considered as a result of the Variscan tectonic movements.

DISCUSSION AND GENERAL REMARKS

'I‘heoretncally it is posszbzle that the CHRM direction in the investi-
gated area is of the Laramide age. If so, we have to accept that after
post-Cretaceous remagnetization the Kostomloty fold structures were
turned en block by almost 90° around the horizontal-axis. Apart from
the low probability of finding the CHRM vector along another expected
direction, there are no geological or geophysical evidences for such tec-
tonic movements, which should affect also’ the Miedziana Géra syncline,
as the Kostomioty structures are their integral part.

There are other paleomagnetic u'esu1¢s -which confirm the existence
of pre-Laramide fold structures. As it is, f0ld structures in the Jazwica
Quarry (see Racki & Zapaénik 1979) were remagnetized in their contem-
porary shape about 170 mln years ago (cf. Irving 1977), what have been
ascertained by the Author (Lewandowski in preparation). Matkowski
(1975) found 'the folded ‘Ordovician clays at Bardo (eastern part of Holy
Cross Mis) as remagnetized in the Triassic. If we would recognized
those fold structures and directions of their CHRM as béing of post-
-Cretaceous age,” we should conclude, on ‘the base of the above consi-
derations that the Holy Cross Mts have quite different tectenic hlsbary
than it is supposed today. .
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The method described in fthis paper can be applied, in suitable cases,
to other tectonic problems, as fold relaxations (cf. Jaroszewski 1974, p.
220), interferences of phases of tectonic movements (cf. Bonhommet,
Cobbold & Perroud 1980) or rejuvenating of fold structures (i.e. in the
Checiny anticline in the southwestern margin of the Holy Cross Mis,
see Kutek & Gilazek 1972), althowgh the accuracy of time determination
of such events is still not véry precise (cf. also Van der Voo & Channell
1980).

The results presemted here show that the fold structures in the Up-
per Devonian Kostomloty Beds were remagnetized not later than the
Middle Carboniferous. At the time of remagnetization, the investigated
fold structures existed in their present shape, so they should be consi-
dered as an effect solely of the Variscan diastrophic cycle.

Institute of Geophysics
of the Polish Academy of Sciences,
ul. Pasteura 3,
02-093 Warszawa, Poland
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WTORNA STABILNA POZOSTAELOSC MAGNETYCZNA W WAPIENIACH FRANU
W KOSTOMEOTACH

(Streszczenie)

Przedmiotem pracy jest préba okre$lenia czasu faldowania wapieni franu w
Kostomlotach koto Kielce.(patrz fig. 1—2) na podstawie paleomagnetycznego testu
Grahama. -

Standardowe badania labora'torane (mozrnagnaesowam:e polem zmiennym, patrz
fig. . 3) dziesigciu préb, pobranych w kamieniotomie . ,Laskowa” -z systemu faldéw
zbudowanych z wapieni franu, pozwolily . okrefli¢é skladowe wektoréw stabilnej
pozostalo§ci magnetycznej. Stwierdzono, Ze pozycja przesirzenna Sredniego wekto-
ra pozostato$ci magnetycznej kazdej z prob mie zalezy od geomeltrii faldéw, co
0mMACZa, e pozo.staloéé magnetyczna ma geneze wibrma i powstaly péimej, amzeh
badane mnmy fatdowe.

Czasg przemagnesowama fbadanych waplem ‘w faldach koswmlocmch okreélono
poprzez poréwnanie kierunku wypadkowego wektora stabilnej pozostaloscx ma-
gnetycznej (tzw. charakiterystyczna pozostalosé magnetyczna — CH RM) z droga we-
dréwlki &redniego weldiora paleomagnetycznego, obliczong dla wspélrzadnych geo-
graficznych Kiele na podstawie skatalogowanych pa'leoblegunéw magnetycznych
obszaru Europy platformowej (patrz fig. 4). ’

Wyniki analizy paleomagnetycznej prowadza- do Wmoz#ku, Ze :[aldy %kosto-
miockie powstaly w waryscyjskim- cyklu dnastnoﬁcznym i nie zm'lomly swojego
ksztattu do dzis. :
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