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Holy Cross Mts 

ABSTRACT: Paloomagnetilclin:vestig,atJ.'ons .of ,the !folded Upper Pevo.nian ltme
S<tones at Kostomlodty ;in :the ,Holy Cross !Mts, Oe.ntral ,Boland, revealed !the pre
sence od: charad.edstk remanent magneiti'zatLon (CHRM). Its du-'oo'liLon and space 
relationship to the !fold structures inldkate t-hait CHRM ' w 's OOqu'ired nOlt later 
than the ,M.1ddi!e eaT;boniierous,su~sing the fo]d:fuluc'l1ure,s already eJOIsf;ilig 

in >their recent shape. . . 

INTRODUCTION 

DuJri.tnlg last y.ears, a new approach 'to '1lectogenesis df the Holy Ovoss 
Mts has !been ~.de. As a roons~uence, same . fold s'tructu:res. prev.iously 

. ragardoo as Va:riscan . were reoogni'Zed or in many ,~ses suspected to be 
of poSt-Cretaceous age (for lcietaileld discussi.onseeK,utek & Glazek 197i2, 
Racki & ZajpaSnik 1979). HOWevlat", the idea ,that Va~isca:n stru~tures 

were distu.TIbed !in tlhe Laramide ,~ycle, well prov'ed aJt the southwestern 
part df 'the Holy OrOSiSlMts; stanld still .as anopenqu~l()n in the .cen
ltraJ part of 'this l"agion where the Permo-<'Mesozaic coY-er 'upon 'the Pal-eo
zoic~ore j~ lacikmg. 

In' this paper' it is showln 'how, with the help of paleomagneticda'ta, 
we are able ItO. il"E!SOlve the problem of damg of fo~'d structu:r:es ing,edlo
gical time whenconvenltiional Ifield metlhods are unsuccesful. An idea 
of the method. 'applied here (!Olmes .from GrahalJn (see IrwD!g 1964), who 
proposed a 'test, wrlId'ely known among p8teomagnetJ:isis toO estalbilish the 
sta'biHty Of ma:gnetizaltion of fu!d~ rocks: Aeoording to Grahani'g me
thod, 'thelboth' :umbs . of . a fold aa-e sampled and . direc'tions 0I:f natural 
:r~anentlIllagtneUzation (NRM) are · measured'. Th~ , test is positive, if 
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the redudtion in scatter of !the dtrec~ions of NRM apjpeaa-s after correc
tian ' for geologtlcal dip. The testt jg nega'tive, 'ii the scatter ' is smaller 
before correCtion. The latter result means that .the investigated fold 
st:ruiCtwre was ;rema'g:n~zed so 'the l'emanen(!€ [B secondary in its origin. 
Though sooonrdary, 'the NRM does not hav,e Ito !be unstable. The introduc
tion of lalbora'tory tests !for stabililty show·ed that tile secondary rema
nen(!€ may :be persistenlt in geological time. Such aremanence is often 
called 'the characterUStic reman€'Il~ ma'gn€tization (CHRM). The !time 
when CHRM was acquired must be estalblished ' ' by com'Parlsion' !the 
CHRM dlirection with other paleomagnetic directions of well defined 
time Of acqu:isti'tion, considered as primary and 'taken froim ij;he stahle 
plaiifoITlIl, ita which rOOks under study belong. In this way, 'the 'time 
when the exa\Ill!inEtd fold structw-e already existed may Ibe esta:blished. 
The aboVe methOd was applled to determine the age of the folds within 
the Kostomloty Beds well 'expoSed . in the northern part of the Holy 
Cross Mts '(see Text-'f1g. 1). 

·Aoknowledgemem.ts. The author expresses his m03,'t sincere 'thanks to Dr. Z. 
Ma~ko:ws:ki i(:Polisll A~emy <of Scienees) ior Ihi;s gu.i.danQe and help dUring this 
w,orik, to;P.rofessO:r K. !M. Cr.eer I(U.nivetrsityof EdiIllburgh) and Dr. D. H. Tarling 
(Univer.sity ·:Jof Newca.stle) for the1r hOSipi~8,l;jty during his staying in iGreat Britain, 

' to Pir.ofeSsor IM.Szulczewski ,(UndiversJ.!tiy ,00 ,Warsruw). Dr. ·P. TUCI}:lOlka, D~" M. Kq
dzialko~Ho:frtlokl ' (both CIf the 1P.().llsh Academy 00 &:ienoos) and tto other colleagues 
tor doiscwSsioo. Thaa1ks axe also due to ,Professo,r A. Radwanski (Uni,ver£ity ' of 
Wa·rsaw) far critical reading CIf t.he tY'Pescrivt. 

FIELD AND LABORATORY METHODS 

'Ten mdependentlyorientatedpaloomagnetic hand samples hav.e been 
ta'kenfrOm · 'thefuldeici limestones, belOJJJging ·to the loWer part of !the . 
Kostomloty !Beds :(oFraSnJia'Ji) wel'l,eX'pOsed, at " ~e western end ofilie 
KostQm}dty Hills tin the LaSkowa Quany (Text--figs 1~2)~ The folds 
axe:; alte approximately norizon:tal anti (para~el to the · axiS ' of superior 
svr.ucture ·~tha't 15 rMiOOliiana GOxa syncline;cj. 'Text-fIg. 1) !trendinig 
WNlW-ESE; ·iJ)etailed anruySisOf 'the Kostonlioty Beds, its Jithology and 
s'tratig1raph.y incl1kll'Ilg, as given by SruIJ.crewski (1971) and iPrzy,by:
szewska (197;3} 

Sixcubi<: .s-peclmerui, cut from each .sample, were dema.gneti7Jedlby means of 
al'ternatdnig ma~et1c field. The j>eaJkampMiudes were increaSing in . steps too 600 Oe. 
M)ter each'sitep; com'po.nen/t.s of the NRM -veCtor {)f each specimen were ~asured 
wiltha SiPin.ner magne'tometer JI!.-3. The results were avera.gedon the sample 
leVel and, ~rw,a'rds, on the .si'te 'level :tor a given demagnetization step (Text
-.ft!g: 3). ' 'In tjfue ' ~c.:f Saffi!ple KiD, thiee additd.oinaJ specime.n:s wer,~subjected :f.o 
thermal demagnciization in If he ,Palmagrt€lbi,c ILa!borailoratory at the Depar'tmel1t 
of GeophysIcs and· Planetary PhYiSk:s, University of Newcastle upo."1.Tyne, which 
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."[<'i'g. 1. Geological s.ke1Jch map of [the no.rth-wester·n ,pa.r't 'Of t he H oly 'CtWSlS lVIts 
(after Szulc'Z€1WSikd 197.1, TexJt-ti.·g. 1; simplified), It,o ,Slh OlW l'oca,tiQn 0If the LaSik,owa 
Quar,ry (L) at K!os't{)ml'oty vi11age 
1 Cambrian, Ordovician and Silurian, 2 Lower and Middle Devonia n, 3 Upper Devonian, 4 
Lower Car,bonHerous, 5 post-Variscan cover (Zechstein - Upper Cretaceous) 

F·ig. 2. F'o.ld stroUctur,es iJn ;the LaskoWla Quar.ry at K{)stoml-oty; some samp.l~ng 
places atl'e indicate,d 
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yielded the same results, in ·the range of eXlperimenial err'or, .as thie .alter.nating 
field cleaIlli.ng method. 

RESUL'IS 

r:J;he mean resUltant vectors of NRM are' presented (T-ext-fig. 3) in 
two ooardina:be systems (cf. Schmidt i974): 

(i) anlClienlt COOIJ.'Idlinalte SyStem, ID wh:i.ch the x, y , plane codncildes 
w!ith 'th~ prim:axy surtface of Ideposition 

(ii) siJte ooOrtiiinaite systettn, in whidh the x, yplane is horizontal. 

The xaxi.s~in!ts north in the !both above systems. 

Due 'to '(the fa1dt; . that tlhe NRM vector do~ not chang-e its di:rection 
during malgnetic oleandng, it may 'be considered as stable '(fur details see 
Irving 1004). In aJccordanc-e with ithecriterion of- Irving, 'the NRM di
reot:ion af' 200 Oe level 'should !be ' chosen 'as ~presentative of the CHRM. 
The dixeCtion of CHRM is de'termined in the site ooordiina'te system, in 
which ooincidence I(a , = ,8°) islIlllUch bett'er then in ancient coordinates 
(a = 32°), where a :is -the tradius of th-e ci.rele of COlllfidence in which the 
true mean afpopu:la:tion of N dJr.ections lies' with 8pl"obahi1ity ()f ,9&I/o. 

H In Site coordinates I Ancient coordinates 
I 

[Oe] (nT] I 0 at.95 L F ! I 0 a .5 L F 

! 
1 

- 1~5 35, 234 9.5 30W 65 37 256 32 . 1 47W 9N 

150 ' 1.1 '17 ,227 7.9 29W 185 I 27 243 ' 30.a " 42W ,4S 

20.0.' La 14 225 7.9 291J. ', 20.5 25 24:t 32.0. ,41W,' 65 

30.0. 0.6 ' 12 , 223: 8.3 " " 27'N 22S 24 239, 33.1 39W ~5 

95 
, 

' 40.0. 0..3 ' 12 ,221 9.3 251'1 245 25 235 - 361'1 

60.0. 0..3 13 222 10..1 26W 235 25 237 , 37',v " 85 
: ., -, 

Fig;3.Resu!lIts:df demqnetization of the Lower Frasnian ILinestoriesLroIll l{;os!t<i~ 
ml!o'ty " , 

IfpeaJk inte~y of alte:rna'tdng magnetic field, In mtensd.ty ,of N.R!M vector, I in:~ 
cliIlation; D , declifialtLon, ;"" raddus Off the cIrcle of oond'kienJce, L longittUdeof 'piJ.:': 
le<linagne!;i'c pole, F , latitudeo!paleomagnef4;c ,pole , " , , ' ," :;' . 

The CaD.vergen<:e in , 1t'h.~ "sit-e cOQi'dinate system means ' thalj; 'eHR-Ni d.iTec-
, tiOn does not depen1i IQn 1;hegoom~y qf fold structua-es ~GrahalD.'S test 

is negaltive);'tberefure, th-e fold structures must hav-ealready existed 
wh.~ the CHRM waSacqUi:red. 

The geolQgi.~1 t ime of the oaoquiSbiJtLan ,ar CHRM may 100 estaJbLi.&hed .indi
rectly by c'ompa;rdn.g Ithe directLon of CHRM with t'he ,so-called e2Cpectedpa:leoma,g
gnetie mean .dJ1r€1otions i(ef. Mal!k~wski 1975). ,For the adm of thilS wOO'k the. expec-
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~ig, 4, ' Expected !p81eomagnetk mean doi.rection caurlted f<J.rgeogra'Phkal position 
c>fKielce in !the HwyC:t,oss Mts {cj.Text .. 1f1g. n ' , 
Sotlditne ~ path based on ihe data 'liven by Irving (1m, simplified), broken' ltne '- path 
based mainly on the data from the RUSllian platform (given , by "Paleomagnetic ' direction 
and paleomagnetic poles, Data 'from USSR", published by the Sov, Geoph. Comm. Acad, 
Sciences USSR, 1971, 1973, 1976, 1979), 'AmOunt of points, describing every period, determine 
degree of the, equal part division of this period iwith exception of Russian data 'for which 
only Middle ~Baskhirian aiut Moscovian stages) and Upper CarboJuferous (Uralian stage) 
directions are presented; whereas Lower' Carboniferous (ToUrnaisian '""- NamUrian stagesj are 
rejected as, unreliablej, 'Dotted . line is a border ,of "U$ a,rea, summarized for the' both 
paths, Declinations are given by merldiSns, incllnatiOlls by parallels of latitude, Letter K 
shows Kostomloty CHRJII[ direction. Equal area projection ' , . 

1 Devonian, a Carboniferous, 3 Permian, 4 Triassic 5 Jurasaic, IJ Cretaceous, 7 Tertiary 
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too mean dire'otiOIliS were ,ca1culatedon the ground od' 'axial geoeentrk dipole 
hY'po'tbesis, alo.nggooclhro.n!Ol~ltiJIxie !sea'le ifor , the Holy Cross Mts latitude and 
longitude. The 'OO!se 0If caleullaltioqns were paleomagnetH: lPole positions ir,OOl Ithe 
RusS'ian 'plaifor.m., pulblished , ,~t9 ' i979~ tAtfew 'Poles ·from pr,e-Alpine ' stabl~: area 
were also ftaken. lPaleomagnetie poles baSed onu.ndemagnetlilZed samples" were 
rej,eoted. ' 

Comparatively,/the pole positioOns given by lIVi.ng (a77) for northern 
Eurasia were 1'ocounrted for 'the geographical position af the Holy Cross 
area. The juxtaposition of t'he'ex:pecied mean directions (Tex't..tfig. 4) and 
the CHRM direction revoeailed at Kost~oty leads to oon<!llliSion, that 
the CHRM is of the Upper Dev'Onian or Middle Carbonif.erous a,ge. A 
conforma.bility with the former is ob'tain,ed, ' after ·co.rrec'tion ' for, .. the 
Permian Q5° IN dip, wh~a good a,~ent with !the latter isadhie
ved after turnilng ' the iiold structures of iVhe Kootomloty Beds lin hori-
zonital ' plane ;by alOOut 20° noi'th~ ', ' 

Generally pre-Permrian age of ifbe CHRM is also corufirmed lby 'the 
data of McElhinny(197,3) and ,Van derVoo (1974). The revErsed 'Pola
rity of the CHRM a~ , Kostamloty is an additional ' fact to ;support its La't·e 
Paleozok ag'e, as opposite to coriteqJ:porary, pplarity was dominated dur
ing thait period, Therefure, the , KoStOlmloty fold strwc'tUl"es shouJ.4 be 
considered as a result of 'the Var'i.scan ' tectonic movemen1s. 

DISCUSSION AND '~, REMARKS 

Theoretically it 18 possible that the CHRM diI'€ction dn the investi
gated area is o.f the Lara.mide age. 'If so, we have toO accept that dber . 
post-Cretaceous r :EmiagnetizatiOlIl the iKostomloty fold structU1.'el were 
turned en broclt .by a'lmost 90° ~round ithe ·horizonltaJ ' 18X'is. ,A'part from 
the low proibalbHJity of !finding th~ CHRM vector along another expected 
dilreCtiOIl, Itbere are no geological or geophysical evidences fO!l' suchtec
tonic movetIIlents, which should a1ifectaLso 'the Miedz.iana G6ra synclilIle, 
as theKos~oty strucltures aTe their 'integral part. ' 

Ther.e are dther :paleomagnebic~its,which coniirm the existence 
of pl"Ie--Laramide ,fold struotureS. 'As lit :is, ,fdldstructures .in the Jamca 
,QuaJrry (see' Racki & ZapaSndik 197'9) were rema:gnetized an their cootem
po:raTY shape albou't 170 irn:1n years ago (cf. Irvirng 1977), what have been 
asoer'tadineid iby 'the Authox {LewaiIldowSki in preparation). Malk;QWSki 
(197'5) .found 'the folded Ordovician cl:ays ait BaTdo (eastern part ' of Holy 
Cross Mlts) alS Tetnalgnetized J,n the TriiasSic. If we W'()'Uld recognwed 
those [01(1 stru.ct'Ulres and directions of theitr CH RM as, lbeing of post
-cretaceous a~ ' we should oonc1ude, on 'the !base of·the aboveoonsi
derations tthat !the Hoily Cross Mts halVe quitte difie:rent tectcnic history 
than it :is supposed today. 
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The .m~11hoId desc.rilbed in It'his paper can 'be applied, in suitalble· cases, 
to athertectonk prablems, as fold relaxations (cf. Jaroszewsk.i 1974, p. 
220), . ilnteI1£erences of phases of t'edanic mOVlements (cf. Bonhommet, 
COIbibo1d '& P.eI"roud 1'980) or ;rejiUvenatinJg of 'foOM structUtres (i.e. in the 
Ch~iny anticline in the sa.Ulthlweste:rn margin of the Holy Cross Mts, 
see Kutek & G1a..rek 197;2), allthOiUlgh ithe accuracy of time determination 
ofsuoh ,ev'ents is sibilJl not very precdlse (et: also Van der Voo & Chaamell 
1980). 

The resu:lts pr'esenited !here show Ithat the fold structures in the Up
per Devoniian lKoStomloty Beds we!l'e remagnetiz'ed not 'laiter 'than' the 
Midd1e Carlboniiferous. At the time of remaJgnetization, the investliga'ted 
fold strUldtures exiSted :in their tpresent shape, so they should be consi-
dered as ,an i€!Meet solely OIf 'the VarlswlIl diastl1qphdc cycle. ' 

Institute of Geophysics 
of the ,PoUsh Academy of ,Sciences, 

ul. Pasteura 3, 
02-093 WaTszawa, Poland 
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WTORNA, STABILNA POZOSTAŁOSC MAGNETYCZNA W WAPIENIACH FRANU 
W KOSTOMŁOTACB 

(streszczenie) 

Przedmiatem pracy jest próba określenia czasu fa'łdowa'nia wapieni fra,nu w 
Kostomlo~a,ch k<Jł.o Kielce . '(patrz fig, l~) na ,pods,tawie paleoma.gnetyczneg,o :,tWt.u 
Grahama. 

StandardolWe badanii.a la'bora'toryjne (oo2ll'IlagriesowandJe polem ~miennym, patrz 
fig. " 3) d~ie.si'ęci u prób, 'pclIbranych w kaniien1!ołomie .. ,,.:r..askowa" " z ,systemu tfal,dpw 
zbudowanych z 'walpieni franu, !pOZWoliły . określić .s<kładowe wektorów st;a,bilnej 
p071ostałośCi ma,gnErty.cznej. Stwielrdzl()no, że pozycja pr'zestrzenna śregn'iego wekto
ra powstałości m:agnetycz.n.ej ka7xiej z prób :ndezależy od geometr·ii fałdów, co 
oznacza;' ~ lPooo.stałość magnety.czna ma ,geneię wt,6nną i ' l)owstałą p6miej" .. ~riJ.k.u 
badane f~y lfaQ;dowe. . . . 

Czas llrzemagueSlowanń.a jbadanychwapie~iw ;fałd~ch ko.st'omł~~ki'ch olqeśiono 
PQPrzez poo-ówname 'kierunku wy.padkowe'go wektora stabilnej pozo:s,tałoś<i :. ma
gnetYC'Żnej (tzw. (!haraklte:ry>SltycznapoZiosiałość magnetyc~na .:..... CHRM) z drogą .;,vę.2 
dróWlk:i &redndego we1dtora paleomagnetycznego; ,obUczoną dla wlS:półrzęd.nych geo
gra:ticznyOh ' Kdek na: ipOdstaWUl ska.talogowanych pa:iJ.eobieguiJ.ów magnetyczrty.ch 
obszaru Eu.ropy plQ:t\f,ol"lIll{)'W.ej I(patrz fig. 4). . ' . 

Wynikli a.na'li.zy ipaleoanagnetyc:llIlej iPr-OlWadzą · do wnioSku, 'Że fałdy kosto
młockie .. :powstały w wary,scyjSlk;im' ,cyklu diastl10ficznym i nie ' zmienny swo:jego 
'kształtu 100 d7Jilś. 
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