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ABSTRACT: The Tertiary basaltic rocks of Gracze near Opole, Lower Silesia 
(poland), .bellong to the €astern extremity of the Central European volcanic province 
aIlid are part of the Bohemo-Silesian 'belt. They are represented by melanocratic type 
of nepheline ibas'anite (me1a:basanite) with local transitions to ankaraitIiite, and occur 
as plugs, vent fills ofcrate<rs and larva flows. The present paJper details: (a) pala­
eomagnetic investigations based on 'the determination of directions af the natural 
remanent magnetization of rocks (NRM) and their magnetic stability; {b) investi­
gations of magneti·c properties of basaltic Tocks as related to their mineral content. 
The latter inclUde measurements of changes in saturation parameters as a function 
of 'temperature; deteTmina'tion of Curi€ points; determination of Fe and Ti contents 
in the magnetic fraction; and microscopic analysis of polished sections in reflected 

ligh .. t. 

INTRODUCTION 

The Tertiary basaltic roclks of Gracze near Opole (L'O'Wer Silesia, 
Po1.and) 'be'long to the e8S'llern extremli.ty of the Centrad EUiropean volcandc 
p;rovince and are part of the Bohemo-Silesian belt (Fig. 1). They are 
represented iby melanocratic type of nepheline basanite (melabasanite) 
with local transitions to· ankaratrite, and occur as plugs, vent fills of 
craters and lava flows. 

The palaeomagnetic characteristics of the plU'gs and vent fills of 
Gracze have !been IPres:ented <by Birlkenmajer & Nairn (19169) and Biriken­
majer & a'l. (linO), based on pilot samples (up to 6 samples per exposure), 
and the geological forms of the basaltic roOks have Ibeen dis'cussed 



246 .. KRZYSZTOF BIRKENMAJER & AL. 

separately by Bi~enmajer (1966, 19'67). The present paper is based on 
investigations of a much larger collection of oriented samples (up to c. 20 
samples per eXlpOSuxe), including 'an major rock types and volcanic forms 

Fig. 1 

Position of the Lower Silesian basaltic roc'ks within the Central European Tertiary 
volcanic !province 

G meta'basandtes of Gracze 

(plugs, vent fills and lava flows) ~e'cognized in the field; it is supplemented 
by petrological and chemical analyses. 

'The tpIl.'I8Sent ipaper d€1iaiiJ1s: {a) pailiaeOlIIlagnetic ]nvestigations based 
on determination of directions of the natural remanentmagnetization of 
rocks {NRM) and their magnetic stability; (b) investigations of magnetic 
properties of /basaltic rocIks as re'lated to their mineral content. The latter 
include: measuremen'ts of changes in saturatiOlIl parameters as a function 
of temperature; detertrlination oi Curie points; detertmination of Fe2+, 
Fe3+and Ti contents in the magnetic :fIraction; and mic'l"OOCOIpk analysis of 
polished sections iIn reflected light (ore microscopy). 
. . The preliminary results of the investigations described in the present 
paper aTe given by Birfkenmajer & al. (1972) and Kqdzialko-HofrnO'kl & 
I{ruczyk (1972). 

OUTLINE OF GEOLOGY 

General remarks 

In the vicinity of Gracze there occur several separate volcanic plugs 
clustered in the :zone of the NW -SE-trencUng Odra fault of Tertiary age, 
and associated with lava flows (Fig. 2). Based cm preliminary (petrological 
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invest1gations '(Wojno & al. 19;51) these volcanic rociks have Ibeen ,classified 
as nephelinite, ibasanite and basalt (Birkenmajer & Nairn 1009, Birken­
ma.'jer & aL 19"7'0). Tohe lpI'esent investigations show, however, that an are 
varieties of me!l.abasanite. 

The volcanic plugs cut through the Upper Cretaceous marine marly 
clays. Baked kagments of Cretaceous rooks may a'lso he found as xeno­
liths in melabasanite plugs and lava flows and, especially, in volcanic 
breccias separating the flows or forming vertical pipes. The age of 
volcanic activity is believed to Ibe Tertiary (without closer determina~on). 
The Miocene-Pliocene fresh-water sediments which surround the basaltic 
rodks '(cf. SalWidki 1966) aTe supposed to post-date the volcanic activity or 
the aTea. As no radiometric dating of the melabasanites have been ava­
ilable so far, the ,exact age determination of the volcanic activity at 

61 
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Fig. 2 

Localization of sampling s[tes ,at Gracze G I - G IV, Lower Silesia 
aasallb1c rocks in blacttj Neogene sediiments blank; :pre--Neogene Tocks hatched; heavy mes 
denote major d!islocBltdons. J:n the bax: me1abasani1le pJru,gs 1.n black; melabasall!Lte lava sheets 

hatched 



Gralc.z,e CaJll:not yet !be estaiblished. For more geological information the 
reader is referred to papers by Bil"ken:majer (1966, 19'67) and .Mexandro­
wicz & BiVke:ntmajer (19'72). 

Description of localities 

Site G I (Radoszowice). Melabasanite plug (nepheline basalt of WOj­
no & al. 1951; ·nelphelinite of BiVkenl1lla:jer & Nairn 19,69, and Bir!kenmajer 
& aI, 1970: Site 63), possihly elongated SW-NE, with columnar and platy 
jointing aJ."lranged in a system typical of plugs (cf. Bir'ke:nmajer 1966, 
Figs 9 & 11;1967, Figs 35 & 38). EXIPOsure in an old quarry Shows besides 
the melalbasanite a'Iso the presence of weathered tuffs with fragments of 
altered Cretaceous marls. Country rociks represented !by argillaceous 
sediments of Upper Cretaceous (Coniacian) age, ibaked at the contact with 
the plug. In the NE and NW parts of the quarry, the melaibasa:nite caps 
the baked. Cretaceous sedinients; there it !pOssibly represents a lava flow. 
Local:iIZlBJtiap. of samples is sOOwn !in F1i!g. 3; 1~ sanliiplea wetre analysed. 

:. ~. 

~1 ·~. 2 _3, 
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Fig. 3 

Localization of samples at Radoszo-
' . ... . wice(GI) 

1 exp08Il}"EIs in me1abasanite plug; 2 ex­
poIIIKes in melabasamte lava flow; 
3 altered Upper cretaceous sediments 
and contact breccias. Numbers and thli.ck 

'dOtS '1"efer to samples. Numbers I.n 
brackets refer to samples ·not used for 

investdgaticms 

Site G II (" Ameryka"). Mela!basanite plug (plagioc1ase-nepheline 
,basalt with glass of WO'jno & al. 1951; basanite of Birtkenmajer & Nairn 
1969, and Birlkenmajer & al. 1970: Site 64), 'With platy a:nd columnar 
jointing an-anged in a system typical of . plugs (cf. Birlkenmajer 19-66, 
Figs 9 & 11; 1967, Figs 35 & 38). Ex,posure in an oId. quar~y called "Ame-
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rylka" shows besides the :melabasanite also the presence of barked Upper 
Cretaceous (Coniacian) sha'les and ,days at the contact with the plug. 
Localiza1tion of samples is showtn iIIl Fig. 4; 15 sa1mples were analysed. 

Fig. 4 

Localization of samples at Gr,acze-"AmerY'ka" (G II). For explanations see Fig. 3 

Site G III (Gracze, main quarry). Melabasanite (plagioclase-nephe­
line basalt with glass of Wojno & a1. 1951; Ibasanite of Birlkenmajer & 
Nairn 1969, and BiIikenmajer & a1. 1970: Site 65) plug, ~esp. vent fill of 
crater, distinctly elongated SW.;.NE, with well developed columnar jo­
inting. Surrounded by melaJbasanite lava flows, massive and columnar in 
the lower part and scoriaceous in the upper part, alternating with tufi 
breccias containing f~agrments of baked Upper Cretaceous marls. Two lava 
flOiWS have been distinguished, intocstratified with ,brecdas.These 'have 
been :interpreted as ~ower part of a sI1ooto cone (F]g. 5; cf. Bir!kenmajeT 
1966 Figs 9-11'1; 1967, Figs 3'5, 37~38). Other tuff 'oceccias wdth albUrIldant 
xenoliths of .baked Cretaceous -roads ooou~ at the boundary of the strato 
cone and tlhe vent [ill (Iplug), in the form of 'Pipes (Fig. 5). The swhstrate 
of the lavas and the country rOOks for the plug are represented by Upper 
Cretaceous sediments. Localilzation of samples in the big working quaDry 
is shown in Fig. 6; 60 sattliples were analysed. 

Site G IV (Rutki). Melabasanite plug (plagioclase basalt of Wojno & 
a1. 19151; lbasalt of Birlkenmajer & Nairn 1969, and Birlkenmajer & a1. 1970: 
Site 66), with 'P1aty jointing, .contacting with melabasanite lava flow, 
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poosihly slightly younger than the 'lactter. The lava flow as oolumnaT. 
contacting with baked Upper Cretaceous roads (cf. Birkenmajer 1967. 
Figs 35---36). The country roc'ks farther from the contaoet are r~resented 

NW SE:SW NE 
Grocze 

Radoszowice 

.0 500 , , 
No. 

Fig. 5 

Geological reconstruction of central volcanoes of Gracze-Radoszowice (after Bir'ken­
majer 1967, slightly modified) 

1, 2 pLugs a·nd laVl8-flilled vents; 3 l:ava flows (massive, columnar lava iJn tlhe lower part, and 
vesiClUlar reep. SCClIl"iaceous lava :in the upper PBll't); 4-5 tuff brecc:ias with xeIliOlliths of Upper 

Cretaceous ;rocks; 6 Upper Cretaceou:s sed·imenrt:s 

by daT'k grey shales and clays with Upper Cretaceous (Coniacian) marine 
foramin:L:fers and other microfossils. For localization of samples see Fig. 7; 
15 oo'nljples 'W,ere analysed. 

PETROGRAPHIC CHARACTERISTICS OF VOLCANIC ROCKS 

The basic volcanics in the vicinity a.f GTacze consist of hladk 
aphanitic rodks tin which only olivine phenocrysts, a few millimetres in 
size, l(M'.e vlisible to 'the naked ·eye. Under the IIllicl'OSoape, the rooks show 
characters of typical melanocratic lavas !belonging to ,basanites, rwhich 
locally:pass into 8lI1k:aretrites. 

A rather unilform. variety of basanite of seriate-porphyritic texture occurs in 
all mentioned sites. It abounds in microliticgroundmass devoid of glass ~Pl. 1, Fig. 1). 
Marfd!c milIJJeIl:Ia:ls SUich .as \1WtanJau,gite Ia:DJd 'baSiaUiti<: 'alUgite <IllJ.d loliiivinoe .otf 'the F.ll{2--1.s 
chrysolite memlber (2Va = 88.6-89.7°) are the essentia'l components. Augite and 

--
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A 
o 100rr 
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Fig. 6 

Localization of samples at Gr.acze, main quarry (G 111): A - SW 'part Cif the quarry. 
B - NE part of the quarry 

1 melabasanirte plug; 2 lower melabasandJte lava flow; 3 uP);leI' mellllrbasanite lava flow; 4 volcanic 
breccias. Numbers IIIiIld thick dots refer loo samples 

~ - --"--,-- -... - ~." - ._-_._ ._----- _ ... _--
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-o1ivine form crystals of various size between Pl:J.enocrysts and microlites (PI 1, Fig. 2; 
PI. 2, Figs 1-<2). The olivines f~oni the Upper lava ;flow at Gracze (Locality GIll: 
.NW upper -lava flow) and :from volcaniC plugs close to the contact with the country 

910\ 0 100m I '~~ __ ~ ______ ~. I __ ~' 

l 

Fig. 7 

Localization of samples at Rutld 
(G IV) 

Harirrontal1y hatched unaltered LOwer 
Senonl:an clays. For other explanations 

see Fig. 3 

:rocks (e.g. a:t Localities G III and G IV) are almost completely altered into iddingsite 
.(pI. 2), the 'latter lbeing -characterized by reddish-yellow colour and extremely variable 
axial an~e (2Va = 46-66°). Serpentine and magnesite are less frequent alteration 

:products. 
Hourglass structure is a characteristic feature of pyroxenes, sometimes in 

,combination with zoning structure .. Wide-angle sectors of prisms are formed of 
tiilflalnaugirte or basaltic augiile tZJ,,;;:Sl-56°, 2V,,=48--530), whereas ,the diJops.ide arugd.te 
,or common augite are involved in narrow-angle sectors (Z/y = 46-49°, 2Vy = 56_58°). 
The same V'alI'tietiJes IO!f lRuglite take "piarl iIIllPY'l"Oxenes of ZIClIllJiJng struct\llIle, and the 
,outer rims are always enriched in trOn 'and titanium. Sometimes one may observe 
clustered augite-phenocrysts which are , eitherradially arranged or non-oriented 
-(PI. 3, Fig. 1). The share of felsic minerals usually in form of microlitic nepheline 
prisms and small laths of plagioclases do~s not exceed 1/5-th of all components 
(Tab. 1: col. 1-4). The proportions of both minerals 'even in the same .exposure are 
hlgbly variabile, shJOwing :prevalellJ~e either IO!f tne;pheliaJ.'e, or of labnLdQrdte Am50-70, 

the !latter bei:ng usually lo1osed IiJn aI!l aI!ldesiJne Am.S6 'l'Iim. It .is 'W'OT'tih of rt'O'te th'at 
:relative larger but xenomorphic n'ephelinegrains are observed in basanites from the 
volcanic pJ..ugs, attaining a diameter of 1-2 mm (e.g. Gracze GIll, Rutki G IV). 
'They overgrow many augilte microlites aI!ld better ary5ta1Lized laths of labradorite '~n 
:form of poikilitic grains. 

Miarolitic cavities filled in withnePheline or andesine Anoo are 'connected with 
basanites from plugs as well as with tlJ,e upper lava flow of Gracze G HI (PI. 3, 
.Figs 1---2). The andesine, because of 'a .'delicate twin structure, is most similar to 
.anorthoclase, from which it differs in.larger extinction angJ.es a'/(OiO) and optic axes 
·(2Va = 74°). This plagioclaseis certainly younger than nepheline microlites of the 
.rock groundmass, as the latter form frequent inclusions in it. Mdaroles 'are -limited 
usually by augite prisms. Beside of riepheli,ne or andesine, fibrous calcite also oc'curs 
in them with analcite inclusions and oxidated iron sulphides. The presence of those 
minerals proves that local concentrations of gaseous components took part in the 
formation of the miarolitic forms. 

Other components of tJhe rock groundmass are titanomagnetite and various 
.accessories such as apatite, analcite and, in some samples, also 'biotite, Analcite is 
interstitial and in some cases It fills in small miaroles. The latter contain sometimes 
-only calcite or chlorite, 

The quantitative md.neral composition of the investigated basanites 
is presen1Jeid .in T'aJble 1. It takes into account only the bette:r orystallized 
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1 - Seriate-porphyritic texture of melabasanite (plug) from Gracze-"Ameryka" 
(G Il). One polarizer , X 100. 

2 - Melabasanite (plug) from Gracze-"Ameryka" (G Ill. Olivine phenocryst in fine ­
-grained matrix of augite, labradorite, nepheline and titanomagnetite. One pola­
r izer, X 88. 
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1 - M~~abasanite (plug), Gracz.e - main quaxry (G Ill) . PhenoCTysts of titaniferous 
'<l'Ugite, and iddliings.ite rarllte.r olivine (da·r1k ,~n the mi'CTolibic matr ix .of a'U1giilte, 
la1bradOIii'tJe raIIl'd nepheooe. One polaJrtizer, X 88. 

2 - iMelabasanite (plug), Gracz,e - main quarry (G Ill) . Iddingsite pSe'udomor phs 
after oHvine phenocrysts (dark) in the microlitic matrix of augite, labradorit~ 
and nepheline. One polarizer, X 89. 
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- MeIaha\Sla'lli te (plug), Rado6zIQwke (G I) . Aggregation od' titaniferous <a'ugite 
·phenocrysts surrounding a single olivine phenocryst. The miarolitic cavities 
(white) between th€ pyroxene prisms .and groundmass are f illed with andesine, 
ca'lcite and analcite. One polarizer, X 82. 

2 - Melabasanite (plug), Rutki (G IV). Miarolitic cavity f illed with large nepneline 
grain (white), titaniferous a'ugite prisms and alter-ed iron sulphides. One pola­
r izer, X 38. 
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3 

4 

'Sha·pes of 1>itanomag.netite grains (white) .in melabasanite f rom Gncze, main quarry 
(G Ill) , upper NW lava. Reflected light, X 250. 
Frequently found poikil!itic struc~ure of titanomagnetite grain (white) i n melabasanite 
fr·om Gracze, main qual'll'y (G Ill) , plug. Reflected light, X 250. 
Fresh grain of optically homogenous rtta·nomagnetite ion melabasanite from Gracze, main 
quarry (G Ill), plug. Reflected light, X c. 1000. 
Gra~n of optically homogeneous titanomagonetite after heat·ing in a ir at 600· C for 24 hrs. 
Visible characteristic mosai c of newly formed titanohaematite. Gracze, madn qua'rTY 
(G Ill) , plug. Reflected light, X 1000. 
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Table 1 

Mineral composition of melaibasanltes from Butld, Gracze .and Radoszowice in volume 
peroentages 

r----------liT2' r--"'r~--i 

,:.,!,:., ~ 0l1T1.. 18.0 17.) 

~1tan1ferau8 augit. '4.0 '7.' 60.2163.9 '4.' 

•• pheltDe + pl&g1oolaaa + 
120.0 19.0 1)"1 '2 •0 28.9 aaalo1te + apatite 

~itanomagnet1t. ,8.0 6.2 8.al 7.8 5.1 

lllaas - - - - '.0 

Cslo1te, .... l1tas - - - - 6.' 

Calour tDdex 80 81 86 88 o. 60 

1 qUBTIl'y at Rutki (G IV), plug; 2 quarry at Gra.cze (G 111), plug, western part; 11 quarry at 
Gracze (G 111), upper SE laya flow; 4 q'u'al"'l'Y at iRadoszowlce (G I), pllug; s qual'ry at Gr-acze 
(G 111). Mesoty:pe dolerltdc vardety O'f basalt· from a thin vein ILn melalbasa.n1te (after Chody-

niecka 19'11) 

Table 2 

Chemical composition of melabasanites from Radoszowice and Gracze, in weight 
percentages 

-Y--i 3 --r-;--
~-4--,~,-2-4--r-

Pea 

MgO 

CaO 

TiO . 
2. 

4).60 

11.96 

6.50 

10.70 

1).49 

).90 

'1.20 

0.51 

44.40 

11.91 

4.42 

7.51 

11.85 

12.47 

).50 

0.90 

0.70 

~:~: ,I ~::: 
0.98 0.79 

0.12 I 0.13 

CO2 I 0.87 I -
cr20)" n. d., n. d.1 

CuO I· n. d. n. d. 

40.75 44.45 

10." 15.80 

'6.86 11.82 

'.72 ,).05 

11.69 ).41 

13.70 '8.41 

)~),. ).35 

0.84 1.40 

0.08 1.49 

CI.57 1.4>1-

).27 2.41 

. 0.96 0.76 

n. d. n. d. 

1.46 1.80 

0.09 0.20 

0.14 0.0' 

0.007 0.004 , 
·0.17 . 0.0) 

::: I ::o::l' ::0:: I 
E --l-~~- 100.4'1--1-1-0-0-.2-0-7+-'9-9-.-87-4-1 

1 quarry at BadOllzow.!ce (G I), plug, nephe1ine-rdch variety of melabasamte (amalysed by 
A. NowakowBki); 2 qwmry at ,Gracze-"Ameryka" (G 11), plug,plagioclase-Nch 1I\adetyof 
mela.bass.n!Jte (analysed by .ft.;: NowoakowBlki): 3 main QUarry 'at Gracze (G 111), melalbasanite 
(aft8T ChodyIlliecka 19'11): 4 m ,ain quarry at Gr'acze (G 111), mesotype doledtd.c va,rietyof basalt 

from a th4iri vein din melabasa.nt.te (after Chodyniecka 19'11) 
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varieties, as only such ones were suitable to micrometric analysis. The 
rocks in question (belong to a melanooratic type of nepheline 'basanite 
(melalbasanite) of variable amount of mafic and felsic essential compo­
nents. The plagiodase and nepheline contents are most diversified. As the 
result, the basanites in which labradorite exceeds nepheline (Talb. 1: col. 
1-3) show transitions to the rocks rich in nepheline and containing only 
a subordinate quantity of lP~agioclase, usually of andesine range (Tab. 1: 
col. 4). In some cases, however, the andesine disappears almost 'completely, 
and suoh a rock shows petirogr,a'Phic c!hara.'cter of ankaratrite. 

Such fluctuations in plagioclase and nephelinecontent are also 
observa:ble in normative composition. The basanite rich in plagioclase 
contains more normative anorthite a;ndless nepheline than its equivalent 
with IPrevalence of modal nepheline (Tabs 2 & 3: 001. 1-2). 

A considerable deficiency of silica in the basanites is reflected 'both 
in the normative composition, and in the modal one, in the presence of 

Table 3 

Mineral norms (C. I. P. W .. ) 'composition of me'laibasanites from Radoszowice and Gra­
ICZJe :iIn wedght per,cenltaiges 1(1-4 'as :iIn 'liable ~ 

I 12· I) 4 f 
r----------~--f~~-~~~ 
'Cluart.. Cl - - I - ')e •• )8 ", I Orthoo lase Or 7.2 , .• ). 1",:0 
,-J.lbite Ab 6.2 8.0 1'8.6 28.) 

lJ.northits Aa 11.6 14.) 1"') 2).9 I 
I Kephel1ne lie 14.' 11.6 J'0.7 -.J 
,L_ l:~' 'I 
L--______ ~::)9.5 .)9.2 1:::#4').1 
!DioPSide Di )'.2 )4.0 f)2., 1.4 I 
I Hypersthene ~ I . I 78 1 
IOl1Tine ' , 0110~8115~0 9~8 I : ., 
hlagnetite lit 7.8 I 6.' I 9,8 2.7 
I Chromite CIl - I - I 0.2 0.) 
11lmenite 11 ).2 ).0 I 6.2 4.6' 

! Haematite Bm - -,' 0.1· 10.0 
!APatite Ap 2 . • 1 i.e. 2.1 1.7 I 
I Pyrite Pr 0.04 0.04 - - I I Caloite Co 2.0 - I),) 4.1 

,L -l:FU 60.)4 60.)41 64 •0 )2.6 

I-______ ~~_~~ :::':~199'5419~~'::::" 
, 1101. An percent 1n , 
~~rmatiTe plagioo1a5e 64 6) '~~I 

1 - III (IV). 6 (7). 2 (3). 4' ['2.2.2(3).21 
2 - III (IV). 6. 3. 4 (5) [,2.2.2.2] 

3 - (III) IV. 6 (2) 3. 4 (5) [2.2.2.2] 
4 - Il'. 5. 3. 4. 

olivineand nepheline (Tabs 1-3). This is a common feature of the 
Tertiary 'basaltic lavas of Lower Silesia, which represent Atlantic type of 
magmatic differentiation (cf. Smu'lik,owski 19,57). The dolerite ,basalt 
devoid of olivdne ifTom a tlriJn vein cutting thrrough the ibasam.ites at 
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Gracze, found by Ohody.n;i.eckia (1971), js a definite devi'atrl.on. There quart'z 
is present in the normative composition of the doleritealthaugh, in fact, 
it contains 9 val. !per cent of nepheline (Tab. 1: ·col. 5; Tabs 2 & 3: col. 4). 
Probably seoondary alterations a~e the main cause of this striking 
discordance, What seems to be suworted by a large quantity of water 
and trivalent iron. 

PALAEOMAGNETIC INVESTIGATION 

Natural remanent magnetization (NRM) has been measured by 
means ot.f an astatic magnetometer MA-21. From each saIniPle taken in 
the field, two oriented 'cu!bes with dimepsions ,of 24 X 24 X 24 mm were 

Fig. 8 

Thermal and A. C. demagnetization 
curves for sample G 1II-29: A 
changes in value of NRM, B -

changes in direction of NRM 
.O'ashed curve - thermal deroagnetizatdOlll; 
solid curve - A. C. demagnetization; 
.Jno NRM before eoleandng; In NRM afteT' 
ea·ch clea:n.ing step; D declination; J in-

clination 
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cut. One of these was demagnetized with the use of alternating magnetic 
field (cf. KqdziaNw-HofimOlld 0& al. 1972), the other with temperature. The . 
purpose of appllying both the alternatinJg field and the thermal demagne­
tization, ,was to study the stability of NRM. 
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The alternating magnetic field demagnetization was carried out in 
a stepwise manner, every 5(}----100 Oe, with maximum am.plitude of the 
fielid :i.noreasing ftrom 50 :to 500 Oe. The thermal demagnetization was 
performed hyconsecutive heating of sarnlples in permalloy screens to 
temperatures of 50, 100, 150, 200, 250 and 300°C. It was expected that by 
using such two procedures, it would be possible to obtain the fraction of 
the remanent magnetization synchronous with the formation of the rock 
(cf. Pietrowa & Kruczylk 1966). 
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Fig. 9 

Thermal and A. C. demagneti­
zation curves for sample G 111-15 

For expl!llllatlons Bee FLg. 8 

Figures 8-10 present oharacteristic demagnetization curves. In m.ost 
cases, the presence of two ·components . of NRM with different staibilities 
was IOIll!I1d. The first, 1ess stable cOIll\POnent, was demagnetized in the field 
of the order of 50--100 Oe, Which was mariked Iby a change in .the D and 
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J angles (declination anld inclinati'On). ' This • less stable component was 
demagnetized at temperatures of about , 100°C. An application of alter-- , 
nating fields of more than 100 Oe andtemperai7ures of more than 1(}Q0C; 

did not change tfhe NRM dirSICtions. ' 

Fig. 10 

Thermal and A. C. demagnetization 
curves for sample G IV-9 
F·or explana·tLons see Fig. 8 
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As a result of the albove measurement, the D and Jangles oIbtained 
after the demagnetization by means of alternating magnetic field of 200-
250 Oe and tettnperature of 150-2-Q0°C were assumed to be the directions 
of the stable oomponent of NRM. 

Figures 11-13 present the "cleaned" NRM directions for separate· 
groUlpS of 'the rodks under investigation. The grQlUps correspond to the 
sites locaHzeld in the preceding chapters. Fig. 11 gives the distribution of 
directions for the samples fram sites G I and G H. It is supposed that in 
these rocks part 'Of the primaTY remanent magnetization is preserved. 
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Figure 12 refers to site G Ill, where the following groups have <been 
-distinguished: the plug, the upper south-east lava flow, the lower north-
-west lava flow and the upper north-west lava flow. 

Figure 13 !ref.ers to site G IV. The scatter of direc'tions 'is here so 
:large that the samlPles are unsuitable for palaeomagnetk measurements. 
The samples, except for a few ones, turned out to be rather unstable 
under alternating field demagnetization: after demagnetization with an 
.amplitude of 200 Oe, only about 10~15 per 'cent of NRM was preserved. 
Theseeondary remanence with low stahility prevails in the majority of 
samples from this site. 

The least scatter of the directions of remanent magnetization was 
found in the samples from the plug and from the upper south-east lava 
flow of site G Ill. The samples from the utpper- and lower nnrth-west lava 
1lows of site G Ill, and from the plugs of sites G I and G Il show larger 
scatter (Fig. 11). 

The majority of samples are magnetically stable When SU1bject to 
demagnetization under alternating field and temperature; these samples 
pr'eserved a part of the primary rrem8JIl.ent magnetization. The directions 
.shown in Figs 11-13 are similar to those already found in the Gracze vol­
canies by Birkenmajer & Nairm. (1969) and Birke.nmajer & al. (1970). Part 
-of the present samples have the "cleaned" NRM directions deviating from 
the majority of samples. It is supposed that thei'I' NRM is either a super­
position of secondary oV€'!' primary remanences which have a similar 
.stability, or is a sta:ble secondary Temanence. 
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Directions of NRM cleaned by temperature and A. C. fi-eld for sites G I and G II 
Pireselllt geomagnetic field diil'ecmon maJI"ked by cross 



PALAEOMAGNETISM AND MAGNETIC PROPERTIES 

COMPOSITION OF MAGNETIC FRACTION 

To SO'lve the question whether the NRM found in the roCks under 
investigation is pr:iimary or seoondmy, microsoopk amill.ysis of poI:ished 
sections and detemlination of composition of magnetic fraction were made 
(such investigations have been rperlormed alre·ady for the Tertiary ande­
sittes of 'the BoldSh Oru'lpathiJams - cj.KJruIClzylk '197·0). 
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Magnetic properties of roclks depend on the character of minerals 
containing Fe and 'IIi oxides, whi<:h form the magnetic fraction. These 
oCCUr mainly in the form of two mineral series, ' TiFe204-Fea04 and 
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Fig. 13 

Directions of NRM cleaned by temperature 
and A. C. field for site G IV 

Present geOInagnetic fl.eld marked by cross 

TiFeOa-aFe:Pa, and constitute ulP to about 10 per cent of the mineral 
content in Ibasalts (Har!graves & Petersen 1971). Those Fe-Ti oxidic 
minerals whdch crystaUize from the magma at temperatUIres of mOIre than 
1000°C are titanium-rich. Formed under such oonditions, the minerals of 
the TiFe~4~Fe304 series are characterized by Curie temperatures from 
-50 to +300°C, while those of the TiFeOa-aFe:Pa series -.by tempe­
ratures from -200 to -50°C. Thus, if a roCk of basaltic type has Curie 
temlperatures higher than + 300°C, its Fe-Ti oxidic minerals have been 
oxidized. 

At tem!peratures higher than 600°C (between 1000 and 600°C) -
temperatures close to the Ourie point of magnetite - oxidation processes 
in magma lead to changes in the composition of titanomagnetite and 
titanohaematite. The titanomagnetite oxidizes producing 'both the lamellae 
of Hmenite-rich titanohaematite and the ulvospinel-<poor titanomagnetite. 
The oxidation of titanohaematite produces ulvospine'l"",poor titanomag-

. netite. 
At temperatures below 600°C, exsolution of ulvospinel and magne­

tite begins in minerals of the titanomagnetite series. In minerals of the 
titanohaematite series thjs process does not occur. The resulting asso­
ciation of magnetic minerals contains thus Iboth the initial and final 
members of the titanomagnetiteand titanohaematite series~ 

At temperatures lower than 600°C, and in the presence of a large 
amount of volatiles and water solutions, the oxidation processes lead to 
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the forlmation of stable titanomaghemite. This mineral may be also 
stabilized in the presence of kations Mg2+ or AJ3+in the lattice. 

Oxidation processes at low temperatures depend on conditions to 
which the roc!k is being subject, e.g. on hydrothermal action. Generally, 
these processes develop along the same line as that deS'Cribed above, 
leading to the formation af Ti-;poor titanomagnetite (resp., in the extreme 
case, of magnetite), and titanohaematite, which subsequently oxidize into 
Fe20a and Ti02 (cf. Har:graves & Petersen 1971, Creer 1971). 

Microscopic analysis of polished secticms 

On the basis of microscopic analysis of the ,basaltic rocks under 
investigatio'llS, it w,as found the Fe-'ru oxidic nrinerals constitute from 
4.5 to 7 vol. per cent of the roclk. These are mainly titanomagnetite 
represented !by two generations of grains: (a) finer, isometric, hypauto­
morphic or automorphic grains 'With diameters of 0.'001 to 0.01 ttn!m, and 
(b) larger grains xenomol'lphic with nUlmerous automorphic inc1.usions of 
non-ore minerals, 'With diameters of 0.01 to 0.1 mm. In ail mela'basanites, 
except for the plug G Il, the majority of grains are the finer ones (some 
typical examples are shown in PI. 4, Figs 1-2). 

Thirty six poldshed sections were analysed 1. In 15 samples, the presence of an 
optically homogenous titanom.agnetite was s'tated. In the remainin'g 11 samples, 
bleaching of a part of titanomagnetite erystals on their whole surface, or in spots, 
was observed. In 5 samples, titanohaematite lamellae were found to occur in 
sin:g~e crystals oIf titalnioim:aigne'bLte. In 4 samJples there 'Ocouroed both the b'leachling 
of titanomagnetite crysta'ls and the ti'tanohaematite ~amellae. In one sample there 
were Observed titanomagnetitecrystals with systems of exsolution titanohaematite 
lamellae surrounded by strong bleaching haloes. 

The appearance of :bleacihing may indicate the formation of titanohaematite 
or titanomaghemite in lfue titanomagnetite .grains. This problem an be elucidated 
by thermomagnetic analysis. 

Thermomagnetic analysis 

The thermomagnetic analysis of the basaltic rooks from Gracze con­
sisted in stu1dying the ,changes of saturation remanent ma'gnetization Ira 
with temperature. On curves Irs(T) we sought iriflexion points an'd points 
in whi'Ch Irs decreased to ZeTO. In the case of a single-;phase ferromagne­
tic mineral, its Cm,'ie temperature is the temtperature at rwhi,ch Ir• equals 
zero. In the case magnetic fraction consists of several minerals, the Curie 
temperatures of individual minerals are marked by the inflexion points 
on the Irs{T) 'curve. The Irs(T) curves of solid solutions of titanomagnetite, 

1 The microscopic analysis of . !polished sections was made · by ilVIessrs. S. Ku­
bicki M. Sc. and J. Siemis,1lkowski M. Sc. at the Geological Survey of Poland, Warsaw. 
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titanohaematite and titanomaghemite ate devoid of inflexion ipOtnts. Four 
kinds of magnetic f.raction have been distinguished; and these are discus­
sed below. 
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Fig. 14 

Thermamagnetic curve typical for samples 
with single-!phas·e titanomagnetite, sample 

G 1-16 
Dashed curve - f t·m heating; soLid curve -
second heatingj ITSI remanent saturation mag­
netization at room temp&1atUire; ITS rema.nem 
saturation magnetization at tempffature T; 
IrsII rema·nent &aturation magnetizat~OIIl after 

first heating to 600 0 e 

(1) Homogenous titanomagnetite (7 samples) with single CUrie point, with 
tempetrla!tuire !l'ange between 200 oand 300°C, thus OOlTespolllding to ·1iitanoma,gnetite 
with 40-60 [per cent of ulvospinel (Fig. 14). C'haracteris'tic for these s·amples is a sub­
stantial increase ocf I rs after heating to 6000 C, which indicates the oxidation of 
titanomagnetite 'and the Ifonnation of either Ti-poor titanomagnetite or magnetite 

Fig. 15 

Thennoma:gnetic curve typical for 'samples 
with two-pha:se titanomagnetite, sample 

G II-15 

For explanations see Fl.g. 14 
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durIng heating. This is also indkated by an increa:se of the Curie temperature after 
reheaJting (cf. Cm:eer 197'1, K~d:zJia~o-HIOlfmokll. & Kiruc:zy<k 1972). 

(2) Two-phase titanomagnetite ~11 samples) with Curie temperatures between 
200 and 2800 e,and !between 300 and 4500 C (Fig. 15). It is S'Ilpposed that the phase 
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with the higher Curie point was formed as a result of partial oxidation of that with 
the lower Curie point. The curves of the !first and second types were obtained for 
the samPles in Which an optically uniform titanomagnetite was observed on poli9h,ed 
sections. 

Fig. 16 

Thermomagnetic CU:l"Vie typkal for 
samples with titanohaematite and 
one- or two-phase titaJIlomagnetite, 

sample G IV'-15 
Flor eJqllan-atlons see Fdg. 14 
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Jrsr G IV 15 
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(3) Two-phase titanomagnetite and titanohaematite (7 samples) - Fig. 16. The 
titanohaematite phase has a Curie temperature !between 100 and 140° C. Both tita­
nomagnetite phases ,al'e 'the same as those desoribed under (2). It is supposed that 
a partial decay ()If the 1ow-temperature pbase of titanomagnetite Itodk place, according 
to the reactions (cf. Buddington & Lindsley .1964, Unan .1971): 

Jrs 
Er 

6 F~TiO, + O2 ---)0 2 FeaO, + 6 FeTiOa 
4 F~Ti:O, +02 ---)0 4 FeTiOa + 2 Fe20a 

(a) 
(b) 

G 112 

rOe 

Fig. 17 

Thermom.agnetic curve typical for 
samples wtith sUpiplOSeld ti1lallloirna,g­
hemite and titanomagnetite OT tita-

100 200 300 400 500 600 
nohaematite, sample G II-2 
For expLanations see Fig. 14 

The final products of these ;reactions are: Ti-poor titanomagnetite and Ti-rich 
titanohaematite for {a), and Ti-ric'h titanohaematite and Ti-poor haematite for (b). 
Usually, both reactions take placesimultaneoosly. 
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The ourvesshO'Wn in FIg. 16 were Obtained for the samples in which titano­
haematite lamell.ae and bleaching of titanomagnetite grains were observed on polish­
ed sections. 

:(4) 0111 t1lhe 11lhermomagnetic ,CUlI''V'es olf the [IOUII',th :type C3 samples) ;we 'see Curie 
points ,corresponding to low-temperature phase af titanomagnetite or titanohaematite 
anid, alJ:so, to a high-temperature phase with Curie paint of about 500° C. The shaJPe 
of Irs(T) curves may indicate that the latter corresponds to titanomaghemite (Fig. 17). 
The curves of this type were obtained !for the samples in which the spotty bleaching 
of titanomagnetite grains was observed on polished sections. 

Oxidation processes of titanomagnetite in laboratory 'conditions 
were Observed in some samples. These samples when heated for 24 hrs 
at 600° C s'hdwedcharacteristic titanohaematite mosaic or network con­
fOrlmaible !With the {111) planes of titanomagnetite. A titanomagnetite 
grain ibefore and after heating is presented in PI. 4, Figs 3-4. 

Variability of magnetic traction at different sites 

In order to obtain more detai'led information on the magnetic frac­
tion of the studied rooks, the 'b1va'lent and trivalent iron and titanium 
were determined in t'he magnetic fraction from 25 samples 2; the results 
are presented in Tablle 4. 

Assuming that the magnetic fraction consisted of a uniform titano­
ma'gnetite .of the 1(1-x)Fego.i·xF~Ti04 series, the ulvospinel content 
(x) was ca1culated for each sample. The Curie points corresponding to 
various values of x were obtained on the assumption of a 'linear d~en­
den<:e between the Curie temperatUIre of 575° C for x = 0, 'and -275° C 
for x = '1 {cf. Creer & Va,lencio 1969). Good consistency was OIbtained be­
tween the Curie IpO:ints calculated and those measured tfor the samples 
contain'ing !hdmogenous titanomagnetite. For the sample with a more com­
plex composition of the magnetic fraction, such consistency, of course, 
does not exist. The data concerning the Curie ,points are p,resented in 
Table 5. 

As 'Can be seen from Talble 5, the magnetic fraction of the samples 
from site G I consists of a sing'le- (homogenous) or two--phase titanoma­
gtnetite with lowCulI1i.e paints. The samples of site G I are not v'ery stalble: 
during demagnetization with alternating magnetic field anld temperature, 
the D and J angles changed marlkedly; this indicates the presence of se­
condary remanences which is understandable in the light of the low Curie 
points found. The great scatter of the directions of the "cleaned" NRM 
observed on stereograms (cf. Fig. 11) is the 'result of the aJbove. 

The magnetic fraction from the G II samlples is very variable. It 
shows the ipr€aen'ce otf the types (2), {3) and (4) - see above, with the 

I 'l1he determination oIf 'the Ibi- and trivalent iron was made by Mr. J. Palyska 
M. Sc., and 1lhe determination of titanium by Mr. W. Szezepanowski, M. Sc., both 
from the GeolOgical Survey of Poland, Warsaw. 
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Table 4 

Chemical composition of magnetic fraction, melahasanites from Radoszowice (G 1), 
Gracze-"Ameryka" (G Il) , Gracze, main quarry (G Ill), and Rutki (G IV) 

I, ,I ITotal T1 T102 F8203 FeD 1:r821'104, I 1'821'104 
Sample !. Fe ' ~ " 

,Group Ho. lweight weight IDol. IDol. mol. mol. 'Imean 1I0l. 

~ ! . ~ ~'-L_S---,_~_,-- ~ I ' ~ . ~ 
IG I ~]8~6 ---;;~9 14.8 45.4 39.8 42.' I 11~ 68.2 9.3 15.4 45.4 39.8 44.' 40.5 

t-::-I~-_- 67.1 7.3 12'.1 47.1 40.8 35.0 

IG II 1 63.0 9.4 1'.6 50.3 34.1 4'.0 
I 6 61.4 10.1 16.8 '0.8 32.4 48.0 

I 10 61.3 11.3 18.7 51.6 29.7 53.' 

I 12 75.0 8.4 13.5 53.4 33.1 40 

15 67.8 8.3 13.7 53.9 32.4 39.' 
I 20 87.7 6.3 10.5 57.0 32.6 30 

r--r-----~-----------------------~---------
IG III 16 plUS 70.3 

I 18 §66.2, 
, r------
I 25 S& 70.9 
I 27 lan. 71 .5 

10.0 16.6 

10.1 

8.6 14.2 
8.0 12.9 

36 HI 70.1 10.6 17.6 
39 lower 69.4 9.9 16.4 

44.9 38.' 
42.2 41.1 

46.7 39.1 
42.2 44.9 

41 
38 

44.2 38.2 '0.' 
48.1 35.4 47 
"., 31.9 36.' 

39.5 

--
4' 

I 
b-- laTa 60.9 7.6 12.7 ---_._---1 
1
52 HI 61.) 9.1 15.2 

53 ur::1 61.4 8.3 13.7 

'161 plug I 71.8 9.9 16.4 
66 63.8 10.7 17.9 

50.7 34.1 43.5 
51.6 34.6 39.5 

41.9 41.7 
49.3 32.T 

48 

t----t--.---- ---------,---,--,-------------1 
60 . 2 7.' 12.4 '8.2 29.4 36 

4 plug 68.0 8.6 14.3 48.6 37.1 41 
10 67.0 9.4 15.6 48.), 36.0 4' 

13 

l' 
lava 61.4 

61.' 

41.' 
44 

40.' 

42.' 

~~------~---,------.-----------------------~ 

excejption of type (1) - homogenous titanomagnetite. Prdbably, the oxi­
dation processes todk place .partly at high, and partly at low temperatures. 
During the magnetic 'field- and thermal demagnetizations, the NRM direc­
tions did !llot ,change veiJ:Y much. Talking into account the s'catter of the 
directions in Fig. lllWecan suppose that we deal here with a stable NRM, 
which in part of the samples is synchronous with the rooks, and in the 
rest of samples is secondary. 

The samples taken from the plug and from different 'lava flows at 
site G III should Ibeconsidered separately. The magnetic fraction from 
the pl'ug consists of two phases of titanomagnetite. The NRM shows a good 
stability of directions against the demagneti:zing field and temperature. 
Good concentration of the directions of the "cleaned" NRM (Fig. 12) ma-
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Tabl€ 5 

Curie temperatures measured and calculated, m€labasanites from Radoszowice (G 1), 
Gracze-"Ameryka" (G 11), Gracz€, main quarry (G Ill), and RU'tki (G IV) , 

Sample I 70 fo fo from I 
.reup He. " 1 measured , oaloulated mean oomp. I 

----I--~~~~ __ ~~a4e81 loent1gradu/! 
11 I 12 1- 260 )70 - I 

1) 280 I 1 
14 250 260 1 290 I 

16 2)0 

• II 1 I 260 520 2601 I I 

2 140 '00 
1, 280 450 300 I I 
17 2'0 400 :1 I 3)0 1 

, 19 100 250 ~20 ~ 
20 90 220 400 360 I 

I· III 4 : ~: :~~ ~-:1--' -' t' 
I ~! - 260 380 

l' 
16 
18 
61 
66 

68 

plll& 
I 
- ~60 - 200 

1)0 220 

- 220 

- 250 

- 220 

- I 240 250 
240 

- 1 

4'0 
300 
300 Itra •• 1 
380 

200 I 

I 
'. - . 

-t-~6 -

450 

' J40 

23 9 ' ia~-260 ' -

~--;'-~o.er 110 ----;;---- 220 I 
J8. laTa 10P 320 520 , _ I 260 

~·--n-'la-U-~-8-rr1-~-0--~-~-~--:-~-:-----4I----~-'~'~----;11---2-~----r 

I-G-n-I--J - 1140 260 340 )20 I' ----I 
8 Plug~270 - - ' 1 290 I 
9 110 260 )50 - I I 

r----- ------t-----1---'------t 

Ij; 4n ;~;;~ m I :~ I ,~ I 
----1. ___ J 

kes it possible to conclude that, in the plug, the primary remanent magne­
tizati<m is [pI'eserved. The oxidati<m 'Processes which produced two pha­
sesof titanomagnetite took place at high temperatures. 

The samples of the lava flows from site G III have a variEl'ble magne­
tic fra-ction (cf. Ta-b. 5). Howe'Ve~, they axe stable under the demagnetiz­
ing action of the alternating field and temperature. As it appears from 
the distriibution of the "cleaned" directions of NRM (Fig. 12), the majority 
of these samples s'how the presence of the primary NRM connected either 
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Ta,ble 6 

Palaeomagnetic directions and pole positions for melabasanites of Radoszowice (G 1) .. 
Gracze-"Ameryka" (G 11) and Gra-cze, main quarry (G Ill); cp - '50.7° N, A - 17.3° E: : 

SUe V.loan10 

=:.I.:.I.: .. I=~.~~ ... ~ .... l====~= .. ~~=~==l ... ~:~~ , tom _ ... ••• 111-:' •• 

G I pll18 19 60· +60- 13.2 10 48,6-. 96.9-S 14.6· 11.1· ' 

GIl plug '18 30 +'6 29.2 r 64.,°11' 1a.S-X --9.4 6.8 
ro-- ----- '---------------------------------
GIll plug 43 30 +', 24.7 4 63.3°. 1)0.S·S ,6.) 4.' -

SE upper 
laTa 1, 37 +64 37;2 6 6,.3°. 103.6-S 10.2 8.1 , 

n lower 23 3' +'2 34.' , '9~2·11 129.~ex 7.2 4.9 laTa 

n upper 
la_ 11 34 +'3 90.9 , 60.1\1. 129.9~ 6.6 4.6 -- -----'--.--------------------~ 

Palaeomagnetic pole for G I -- G III sites: N = 129; D = 36j J = +57; K = 23.1; 
a = 3; (!l = 8UIN;A = lI2l.7E; 8 1 = CI.8; 8 2 = 2.7 ' 

Table 7 

Some European Cenozoic palaeomagnetic directions and pole positions 

~---------Y-I' ---~---------r---------~------ro~1!!~~;~~S- ~ r--::::::=-r-------------' f 
I 

Looation 1 Rock un;l.t I Age ~,ation ~ 1 magnetic 1 Reference, 1" --f-- rot pale I I 

tl~x:~:~:;.;;;;;---I;;;;:;:;--I ~- ~I;;;;:;;;;;~~ 
I I'" 

ISootland 'Mull intrusives IEooene-Dligocene 1 16 +60 1 11' 1720N-1JJoEl Irving, 1964 1 

/56.40N-5.s"w/1 I 1 I, ! ! 

'I I I ! r 
Soot land" IArran dykes IEOCene-Dl1gooene 7 +6) 1 N 17sol1-1490El Irving, 1964 t' 
/55.5 011-7.2 0W/1 I I 1 1 1 I 1 ,I 1 I 

I
British Isles 'ITertiary igneouslE8Cene-Dl1gocene 6 +6J' N 17Sol1-15JoEI Irving, 1.904 I 

1
1/560 11-7"w/ I rooks combined I' ',1

1 
i I 

Germany I1 Igneous rooks, Oligocene-Recent 26 +66 N 7) °N_92 oE I Irving, 1964 I, 
,/50.J oN-7"E/ Eifel 1 1 I 
1 ' I 1 
I Germany !IgneOUS rocks, Oligooene-Miocene 2) I +55 N 168ol1-1J2"E! Irving, 1964 

1/50.7oK-S"E/ Iwesterwald I I 
1 , , , 

I Germany lIgneous rocks, IOlig00ene-M10Cene, J4 +61 11 !&5 8 11_1040EI Irving, 1964 
!50.7-11-7.5'"E/IS1ebeng.b1rge 'I I, I ' , 
Germany lIgneOUS rocks, IOligOOene-Quater-! 28 +62 I N 1700N-10S0Ei Irving, 1964 

/50.6'1I-7.5"E/,Rheinland, Pfal" I nary I I 'I ! I 
" ' 'I I 

DeDlll&rk IFaeroe Islands B.cene I - I - III 778 11-161 0EIMCElhinDY,19721 

/6201l.-7-S~01D~:~:_" ___ L I l_J __ L _____ ---1 ______ J 
* K-Ar datJ.ng of ATTan rocks ~ven ages 55--65 My (.Sabine & Watson 1965). 
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with hamogenous titanomagnemte or with the products of its 'oxidation 
at 'high te'm!Pwatures. Moreover, we may suppose that a part of the sam­
ples were altered at law temperatures, which oould a~countfor the obser­
ved scatter of the NRM directions (e.g. the upper north-'West lava). 

The magnetic fraction of the samples from site G IV, both from the 
plug and the lava flaw, consists of three phases (eXICept for two samples): 
two-phase 'titanomagnetite andt:Ltanohaenta1li.te. · An analySis of the poili­
:shed sections confirms the assuimption that these roc!ksare highly oxidiz­
.00. Titanohaematite lamellae or the bleaching of titanomagnetite grains 
were dbserved in all samples from this site. The observed scatter of NRM 
.directions (Fig. 13) and ,the low~ magnetic stability suggest that the secon­
dary changes in magnetic fraction occurred at relatively law temperatures. 

The !results of the investigations descrilbed a'hove indicate that, in 
:the majority of samples from sites G I , G II and G Ill, part of the natural 
:remanent magneti'Zation is preserved. Its carrier is the 'Primary titano­
.magnetitecontaining 40-60 per cent of ulvospinel. This remanence is 
~sufficiently stable to be used for detertmination of the position of the geo­
.magnetic pole at the period of rook formation. The results are given in 
"Table 6. 

The data obtained for the samples from site G IV were not taken 
:into account in the calculations, because of the 'great scatter of the NRM' 
.directions. The lattw is due to the secondary changes in the magnetic 
iraction. 

OONdLUSION'S 

The petrograJp'hic analysis showed that the basaltic rOOks from Gra­
.cze aIIld its vicinJity &e melanOCll"atic lavas belonging to basanite (mela­
basanite) which locally pass into ankaratrite. 

The !present palaeomagnetic measurements confirm the results of 
-earlier investigations (Bil"kenmajer & Nairn 1969, Birkenmajer & al. 1970) 
that :the mel1JalbasaInirte !PIlugs of Gmcze lalre lIlIaI'1Il1!ally magn'Erttzeid, and 
:belong to the same palaeomagnetic epoch. 

The melabasanite 'lava flows d.f the biggest eXJposure, G Ill, are alsc 
,normally magneti,zOO and show values for D and J shnilar to those of 
the plugs. 

The similarity of palaeomagnetic results is consistent lwith the sug­
,gestion ,based on geological grounds that 'both the lava flaws and the plugs 
. .originated in the same palaeomagnetic epoch. This is also confirmed by 
petrological investigations which shaw close affinities of all the rooks 
sampled (melalbasanites with local transitions to ankaratrites). 

The geologica'l age of the palaeomagnetic epoch represented /by the 
results tfiI"'Olm GI"aiCZe lC'a.nm.ot: yelt be salveld due to the laCk of lI"aldi'OlInetric 

. dating. The volcanic events 'cannot 'be older than Upper Cretaceous (Co-
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niacian), but most probably are Tertiary. This is <!onfirrtled Iby comparison 
of pahloomagnetic data from GTacze (Tab. 6) with those availa:ble from 
the Tertiary rOOks Qf Europe (Tah. 7). . 

A relatively small scatter of . the NRM diredions from the upper 
south-east lava at site G 111, which shows a steep dip of about 45 degrees 
(Fig. 12), indicates that the tilt at: the lava is primary. 

The primary NRM is supposed to Ibe connected with . the products of 
oxidation of the lava a:t hi'gh temperatur€S, 'before its consolidation. Our 
investigation shows that in order to state whether the stable part of NRM 
dates from the lP8riod of lava consolidation or not, it is necessary to per­
form thorough examination of the <!omposition and structure of the ma­
gneti<! fraction. 

An· interrelation of <!omposition (and, oonsequently, the Curie points) 
of the 'primary, single-phase titanomagnetite and the depth of magmatic 
chamber forbasa!ltic laViSS is SUIglgesbeid by BagWn & al. (1970). UlSilllg the 
data presented !by them, and assumiIlJg tllat the single-phase titanomag­
netite with a Curie point of 250-350° C is primary, we found that the 
magpm:tic 'chamlber fur the basaI1tiJC !J.avas I()f Gracze.was liooatetd at 'a depth 
of 30'--46 Ikm, possibly slightly below the Moho discontinuity. The latter 
was estimated on deep seismic soundings to occur in the Odra fault region 
at a depth of about ao-321km (Guterch & a1. 1972). 
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PALEOMAGNETYZM I WI.ASNOSCI MAGNETYCZNE 
TBZECIORZF,!DOWYCH SKAI. BAZALTOWY'CH Z GRACZY NA DOLNYM 

SL.t\SKU 

i(StresZlczenie) 

Trzeciorz~dowe s!ka~y bazaltowe z Graczy w akolicaCh Opola na Dolnym 
Slqsku nalezq do wschodnlego zakonczenia srodkowo-europejskiej prowincji wulka­
nicznej i stanowiq cz~§C pasa 'czesko-slqskiego. Sq to czopy, wypelnienia krater6w 
wulkanicznych i pokTywy lawowe melanokratycznej odmiany Ibazanitu nefelinowego 
(melabazanitu) z lokalnyroi przej§ciami do ankaratrytu. 

W pracy opisano: (a) badania paleomagnetyczne oparte na pomiarach kie­
runku naturalnego namagnesowania szczqtkowego skai i ich stabiLnood magnetycz­
nej, (b) Ibadania wlasno§ci magnetycznych skal bazaltowych w zalermo§ci od ich skla­
du mineralnego. Te ostatnie badania dbejmujq: pomiary zmian parametr6w nasyce­
nia jako funkaj,i temperatw-y; okreSJ.enie punkt6w Curie; okreSl:enie zawarto§ci Fe i Tt 
We frakcji magnetycznej; analizEl mikToskopowq nasZ'lif6w w swietle odbitym. 
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