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IN TRO DUC TION

The pres ent pa per is the sixth and fi nal con tri bu tion to a 
geo chron ol ogi cal study of the Oligocene, Mio cene and
Plio cene ba saltic rocks from the Lower Silesia, Po land. This 
work fo cuses on the area of the West Sudety Moun tains and
their north ern Fore land. Our pre vi ous stud ies in cluded the
ar eas of the Fore-Sudetic Block (Birkenmajer & Pécskay,
2002; Birkenmajer et al., 2002b, 2004), east ern and cen tral
parts of the Sudety Mts. (Birkenmajer et al., 2002a), and the 
North Sudetic De pres sion (Birkenmajer et al., 2007). Ad di -
tional K-Ar dat ing re sults of the Ter tiary ba saltic rocks in
Lower Silesia have been pre sented by Badura et al. (2005).

The Ter tiary bas alts of Lower Silesia be long to the east -
ern branch of the Bohemo-Silesian vol ca nic belt, part of the

Cen tral Eu ro pean Ter tiary intraplate vol ca nic province
(Fig. 1). The vol ca nic ac tiv ity started dur ing Early Oligo-
cene (Rupelian) and con tin ued through Early Mio cene
(Aquitanian–Burdigalian) time in the plat form area to the
north of the Sudetic Mar ginal Fault, and in the North Sude-
tic De pres sion, with ca. 3 Ma break at the Oligocene/Mio -
cene bound ary. An other, much shorter cy cle of ba saltic vol -
ca nic ac tiv ity, dated from the Mio cene/Plio cene (Messi-
nian/Zanclean) bound ary through the Early Plio cene (Zan-
clean), was recognised in the east ern part of the Sudety
Moun tains.

The Ter tiary vol ca nism in Lower Silesia in cludes a va -
ri ety of forms and struc tures: stratocones (usu ally con sid er -



ably dam aged by ero sion and de nu da tion), lavas and tuffs,
plugs, less fre quently also dykes and sills (e.g., Jerzmañski,
1956, 1965; Koz³owski, 1960; Birkenmajer, 1967, 1974;
Œliwa, 1971; Birkenmajer & Nairn, 1969; Birkenmajer et
al., 1970, 1972, 1977, 2002a, b, 2004, 2007; Birkenmajer & 
Pécskay, 2000; Zago¿d¿on, 2001; Zago¿d¿on & Zago¿-
d¿on, 2006).

GEO LOG I CAL SET TING
AND PE TROL OGY

West Sudety Moun tains

Pilchowice (BP-43)
Ge ol ogy. The vol ca nic plug (Birkenmajer, 1967) is ex -

posed in an old quarry ca. 300 m NE from dam of the Pil-
chowice ar ti fi cial lake. It sits at the Intra-Sudetic Fault

which sep a rates Cam brian–Si lu rian mica schists from
augen gneiss es and a protolith (Sza³amacha, 1974). The age
of protolith to the gneiss was con strained to 515–480 Ma
(Korytowski et al., 1993; ¯elaŸniewicz et al., 2003).

Pe trog ra phy. The sam ple is a black fine-crys tal line
rock with a clear porphyric struc ture. Its groundmass is
com posed of glass (partly chloritized) with very fine
pyroxene and neph el ine crys tals in equal amounts. Euhedral 
to subhedral, usu ally fresh ol iv ine (some times with ir reg u -
lar net work of microcracks) dom i nates among pheno crysts,
which are 0.5–1.5 mm in size. Euhedral to subhedral neph -
el ine pheno crysts are sec ond in fre quency. Rare pyroxene
(Ti-augite, z/g = 36°) pheno crysts, usu ally with hour glass
struc ture, are partly chloritized.

The rock was pre vi ously clas si fied as basanite (Ko-
z³owska-Koch, 1987), how ever, based on its min eral com -
po si tion and chem is try (cf. Le Bas & Streckeisen, 1991) it
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Fig. 1. Lo ca tion of ba saltic sam pling sites: BP-43 to BP-46; SK-10 (cir cled num bers) in the West Sudety Moun tains; and sam ples
BP-47 to BP-56 be tween Lubañ and Opolno Zdrój (north ern fore land of the West Sudetes Mts.). 1 – Ter tiary ba saltic rocks; 2 – Ce no zoic
sed i men tary cover; 3 – pre-Ce no zoic rocks; 4 – ma jor faults; 5 – main lith o logic bound aries



should be re clas si fied as ankaratrite (ol iv ine melanepheli-
nite) (Ta ble 1, Figs 2, 3).

Palaeomagnetic sam pling. Two rep re sen ta tive hand
sam ples (43-1; 43-2) were col lected from the aban doned
quarry, with lo ca tion of ca. 2 m apart.

Wojciechów (BP-44A)
Ge ol ogy. The ex po sure is sit u ated in a work ing quarry

(Fig. 4), ca. 500 m E from Wojciechów (near Lubomierz).
Well de vel oped, ra di ally ar ranged co lum nar joint ing (col -
umns 30–40 cm in di am e ter) is rec og niz able at the lower ex -
ploi ta tion level. Ac cord ing to Sza³amacha (1970), this is a
cen tral part of a vol ca nic vent.

Pe trol ogy. The sam ple is a very fine-crys tal line, dark-
grey to al most black rock show ing porphyric struc ture. Its
groundmass, very rich in glass (partly chloritized), in cludes
very fine plagioclase laths (lab ra dor ite An52-55) and pyro-
xene (augite). Ol iv ine pheno crysts (1–2 mm in size) show
an ir reg u lar net work of fine microcracks. The pyroxene
pheno crysts (z/g = 37–40°) with sim i lar size are of ten twin-
ned, some times show ing hour glass struc ture. The larg est
pheno crysts of pyroxene (ca. 3 mm in size) are thor oughly
chloritized and sur rounded by rims of not al tered, very
small augite (z/g = 35°) crys tals. Abun dant opaque min er -
als, mainly iron-ox ides, are dis persed within the ground-
mass. The rock was clas si fied by Domañski (1970) as basa-
nite. Our data (Ta ble 1; Figs 2, 3) con firm his clas si fi ca tion.

Palaeomagnetic sam pling. One hand sam ple (44-1 la -
belled as BP-44A ra dio met ric sam ple), was taken from the
north ern wall. Ad di tion ally, two hand sam ples (44-2 and
44-3) were col lected from the south ern wall of the quarry.

Grudza (BP-45)
Ge ol ogy. The rock is ex posed in a work ing quarry, ca.

1 km S from Grudza, near Stara Kamienica. It prob a bly rep -
re sents a vol ca nic vent with rem nants of lava flows and
pyroclastic rocks.

Pe trog ra phy. The sam ple is a black, fine-crys tal line
rock, de void of fluidal struc ture. Its groundmass con sists of
brown ish chloritized glass, with fine neph el ine and pyro-
xene crys tals. Iso tro pic, euhedral grains of opaque min er als
abound. Euhedral to subhedral ol iv ine, 0.5 mm (some times
up to 1 mm) in size, pre dom i nates among pheno crysts.
Pyroxene pheno crysts (Ti-augite, z/g = 38°), usu ally sub-
hedral, are sec ond in fre quency. The pyroxene is com monly 
twinned, some times show ing very typ i cal hour glass struc -
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Ta ble 1

Chem i cal com po si tion of Ter tiary ba saltic rocks from the
West Sudety Mts (Sites BP-43-46, SK-10)

BP-43 BP-44A BP-45 BP-46A SK-10

% Karkonosze

SiO2 40.49 43.58 40.62 39.08 40.61

TiO2 3.20 2.63 3.12 3.67 2.88

Al2O3 12.59 11.81 11.86 12.44 11.89

Fe2O3 12.33 11.87 12.82 13.29 12.45

MnO 0.18 0.17 0.19 0.21 0.20

MgO 12.86 11.92 12.91 10.77 11.04

CaO 11.20 10.59 12.21 13.52 11.94

Na2O 3.40 3.51 3.63 3.76 1.55

K2O 1.11 1.42 0.78 1.11 1.22

P2O5 0.77 0.83 1.02 1.02 0.74

LOI 1.51 1.37 0.46 0.69 5.08

SUM 99.49 99.52 99.47 99.49 99.41

ppm

As 8 5 4 5 4

Ba 830 642 708 850 518

Bi <3 <3 <3 <3 <3

Ce 117 118 145 161 119

Co 41 36 42 32 35

Cr 399 367 562 339 392

Cu 64 56 72 73 61

Ga 17 19 18 19 17

Hf 8 6 5 6 5

La 56 49 74 79 41

Mo 3.9 5.1 6.3 6.0 3.2

Nb 98 78 90 112 90

Ni 280 247 263 145 209

Pb <3 <3 <3 <3 <3

Rb 78 46 63 46 79

Sr 967 825 1063 1195 1803

Ta 8 3 <3 8 4

Th 5 6 8 5 <3

U 4.4 3.5 4.3 3.5 2.6

V 257 207 268 317 213

W <5 <5 <5 <5 <5

Y 27 30 30 32 30

Zn 90 103 102 98 101

Zr 288 292 336 390 376

Ti/Y 265.3 525.6 623.6 687.6 574.2

Zr/Y 10.67 9.73 11.20 12.19 12.53

R1 840 960 834 583 1484

R2 2083 1956 2180 2225 2059

An a lysed at the Chem is try Lab o ra tory, Pol ish Geo log i cal In sti tute, War -
saw (Pro ject No 620.1719.00.0)

Fig. 2. Plot of Ter tiary ba saltic rock sam ples, West Sudety
Moun tains, TAS clas si fi ca tion diagramme (Le Bas & Streckeisen,
1991). Num bers re fer to the in ves ti gated sites (BP; SK)



ture. Small ag gre gates of fine pyroxene and ol iv ine crys tals
oc cur.

The bulk chem is try (Ta ble 1, Figs 2, 3) in di cates that
the pre vi ous clas si fi ca tion as the pyroxene ba salt (Wojno et
al., 1951; Sza³amacha, 1970) should be changed to the an-
karatrite (ol iv ine melanephelinite).

Palaeomagnetic sam pling. Two hand sam ples (45-1;
45-2) were col lected from the same wall of the quarry.

Rêbiszów (BP-46A)
Ge ol ogy. A work ing quarry, 1.5 km E from Przecznica

vil lage in the £ysa Góra area, ex poses a volcanic vent with
lava flows (Stachowiak, 1981). The vent is located at a tec -
tonic con tact of the Neoproterozoic Stara Kamienica mica
schist unit (Maciejewski, 1957) with the gneiss es and gra -
nitic gneiss es of the Izera com plex. The protolith age of the
lat ter ones was con strained to 515–480 Ma (Korytowski et
al., 1993; ¯elaŸniewicz et al., 2003).

Pe trog ra phy. The sam ple is a black rock with out
fluidal struc ture. Its groundmass con sists of fine neph el ine,
pyroxene and glass. Iso tro pic opaque min er als are com mon- 
ly dis persed in the groundmass. Large pheno crysts (1–5 mm 
in size) in clude mainly ol iv ine with an ir reg u lar net work of
microcracks filled with sec ond ary min er als of ser pen tine
group, or fine plagioclase and bi o tite. Pyroxene (Ti-augite,
z/g = 37°) pheno crysts are sec ond in fre quency, and smaller
than the ol iv ine. Some py rox enes are rel a tively fresh, show -
ing hour glass struc ture.

Ac cord ing to our data (Ta ble 1; Figs 2, 3), the pre vi -
ously clas si fied rock as nephe lin ite (Wojno et al., 1951;
Birkenmajer et al., 1970) should be re clas si fied to the
ankaratrite (ol iv ine melanephelinite).

Palaeomagnetic sam pling. Two hand sam ples (46-1;
46-2) were col lected from the south ern part of the quarry.
The la bel is equal to the BP-46A ra dio met ric sam ple.

Œnie¿ne Kot³y (SK-10)
Ge ol ogy. An ex po sure is lo cated in the west ern wall of

the Ma³y Kocio³ Œnie¿ny gla cial cirque (the so-called
Bazaltowy ¯leb gully). Sam ples were col lected from an ax -
ial part of the basaltoid in tru sion (Fig. 5), which cuts the
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Fig. 3. Plot of Ter tiary ba saltic rock sam ples, north ern fore land of the West Sudety Mts., R1-R2 clas si fi ca tion di a gram (De la Roche et
al., 1980). Num bers re fer to the in ves ti gated sites (BP)

Fig. 4. Site BP-44 Wojciechów, basanite. 1 – ex ploi ta tion
scarps in the quarry and basanite ex po sures at quarry bot tom; 2 –
ta lus; 3 – dips of basanite col umns; 4 – sam pling sites



Karkonosze gran ite pluton of Car bon if er ous age (see Za-
go¿d¿on & Zago¿d¿on, 2006).

Pe trog ra phy. The rock is dark-grey, of ten ve sic u lar,
with porphyric struc ture, with out fluidal struc ture. Its grou-
ndmass con sists of strongly chloritized brown ish glass, very
fine crys tals of augite, and al tered plagioclase and neph el ine.
Nu mer ous opaque min er als are dis persed in the groundmass.

Pyroxene pheno crysts (1–2 mm in size), usu ally strongly al -
tered (pseudo morphs filled with chlorite and iron-ox ides), are 
most fre quent. The pheno crysts of sim i lar size plagioclase
(labradorite An56-58) with al bite twinning are partly sericiti-
zed. Oc ca sional ves i cles are filled with quartz crys tals en vel -
oped by dark rims of very fine pyroxene that grows per pen -
dic u larly to sur face of the ves i cles.
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Fig. 5. Site SK-10 Œnie¿ne Kot³y, basanite (af ter Zago¿d¿on & Zago¿d¿on, 2006). 1 – ta lus cones; 2 – basanite; 3 – co lum nar joint ing;
4 – in tru sive brec cia; 5 – con tact brec cia; 6 – gran ite; 7 – strike and dip of con tact sur face; 8 – lith o logic bound aries (a – cer tain; b – prob a -
ble); 9 – dis lo ca tion zone; 10 – sam pling site



Our data (Ta ble 1; Figs 2, 3) in di cate that the stud ied
sam ple is the basanite as was clas si fied pre vi ously by Ko-
z³owska-Koch (1987).

Area be tween Lubañ and Opolno Zdrój

Leœna-Brzozy (BP-47A, B)
Ge ol ogy. A mas sive lava flow (Œliwa, 1971) ex posed in 

an aban doned quarry was sam pled (note: a plug might oc cur 
SW of the quarry; Kochanowska, 1995).

Pe trog ra phy. The sam ple is a very fine-crys tal line
dark-grey rock. Its groundmass con sists of fresh, fluidally

ar ranged laths of plagioclase (lab ra dor ite An50-55) and
Ti-augite (z/g = 45–48°). Cir cu lar ag gre gates of green glass, 
<0.5 mm in size, are scat tered within the groundmass and
sur rounded by plagioclase laths. Long, thin cal cite veins run 
par al lel to fluidal struc ture of the rock.

The rock was orig i nally clas si fied as plagioclase ba salt
or trachybasalt (Wojno et al., 1951), later re clas si fied as
basanite, ankaratrite and, subordinately, ba salt (Kocha-
nowska, 1995). Our study (Ta ble 2; Figs 2, 3, 6) in di cates a
within-plate trachybasalt af fin ity.

Palaeomagnetic sam pling. Two hand sam ples (47-1;
47-2) were col lected from two dif fer ent lava col umns lo -
cated ca. 2 m apart, in the lower part of es carp ment just
above the lake. Two more hand sam ples (47-3; 47-4) were
col lected in a higher part of the es carp ment, above the road.

Sto¿ek Perkuna (BP-48A)
Ge ol ogy. The nat u ral ex po sure is sit u ated at the top of

the hill, while the old quarry is lo cated in its west ern part.
The elon gated plug (Birkenmajer, 1967; vol ca nic vent of
Œliwa, 1971) cuts augen gneiss es (Berezowska & Berezow-
ski, 1962a) at trib uted to the Up per Cam brian (Korytowski
et al., 1993; ¯elaŸniewicz et al., 2003). Sam ples (BP-98A,
B) were col lected sep a rately from two gen er a tions of ba -
saltic rock (Figs 7, 8).

Pe trog ra phy. The rock sam ple is dark-grey and ex hib -
its por phy ritic struc ture. Its groundmass con sists of very
fine pyroxene and plagioclase laths, green glass and abun -
dant opaque min er als (mainly iron-ox ides). Fresh ol iv ine
and neph el ine pheno crysts are usu ally 1 mm in size, oc ca -
sion ally reach ing size of 2–5 mm. Rare pyroxene (augite z/g
= 37°) pheno crysts some times show the pres ence of cir cu lar 
ol iv ine in clu sions.
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Fig. 6. Plot of Ter tiary ba saltic rock sam ples, north ern fore land 
of the West Sudety Mts., Pearce and Gale’s (1977) clas si fi ca tion
di a gram. Num bers re fer to the in ves ti gated sites (BP)

Fig. 7. Site 48 Sto¿ek Perkuna, ol iv ine melanephelinite plug,
two gen er a tions (I – older; II – youn ger). A – ex po sure; B –
blockdiagram; u – ta lus. Af ter Birkenmajer (1967)

Fig. 8. Site BP-48 Sto¿ek Perkuna, ol iv ine-melanephelinite
plug, with lo ca tion of sam pling sites (x – for K-Ar dat ing;  I, II –
two gen er a tions of the plug (see Fig. 7)



The rock in pre vi ous stud ies was clas si fied as plagio-
clase ba salt or trachybasalt (Wojno et al., 1951), ba salt
(Birkenmajer et al., 1970; Grocholski & Jerzmañski, 1975),
and nephe lin ite (Koz³owska-Koch, 1987). Data from this
study (Ta ble 2; Figs 2, 3) in di cate that the sam ple is an ol iv -
ine melanephelinite (ankaratrite – a va ri ety of foidite),

which is in ter preted as orig i nated from an al ka line within-
plate type magma (Fig. 6).

Palaeomagnetic sam pling. The fol low ing three hand
sam ples were col lected from Sto¿ek Perkuna: 48-1 – from
the lower west ern part of the ex po sure (equal to the BP-48C
ra dio met ric sam ple); 48-2 – from the lower east ern part of
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Ta ble 2

Chem i cal com po si tion of Ter tiary ba saltic rocks from the north ern fore land of the West Sudety Mts (Sites BP-47-56)

BP-47A BP-48A BP-49 BP-50 BP-51 BP-52 BP-53A BP-54 BP-55 BP-56A

% Lubañ

SiO2 49.37 39.80 41.07 39.45 41.67 42.87 40.76 38.15 42.06 60.60

TiO2 2.35 2.61 2.83 2.61 2.66 3.29 3.57 3.30 2.59 0.56

Al2O3 17.65 10.72 11.71 10.33 12.02 14.08 13.79 12.76 12.69 18.85

Fe2O3 9.35 12.14 12.43 12.55 12.66 12.86 13.62 13.88 11.15 3.18

MnO 0.18 0.20 0.19 0.20 0.18 0.18 0.20 0.23 0.24 0.17

MgO 3.69 15.87 13.67 16.07 13.29 8.92 8.46 8.55 9.92 0.65

CaO 7.14 12.38 11.95 12.04 11.23 10.37 12.20 13.89 10.99 2.23

Na2O 4.79 3.04 3.67 2.96 2.77 3.42 3.65 4.02 3.80 7.02

K2O 2.43 1.14 1.01 0.62 0.72 1.32 0.82 0.96 0.96 5.09

P2O5 0.47 0.96 0.78 0.90 0.71 0.73 0.86 1.41 0.98 0.12

LOI 2.25 0.78 0.32 1.92 1.75 1.69 1.75 2.40 3.97 1.04

SUM 99.65 99.40 99.46 99.38 99.48 99.57 99.57 99.45 99.44 99.60

ppm

As 5 9 6 4 <3 6 5 11 5 11

Ba 717 929 668 751 566 608 754 1019 1217 702

Bi <3 <3 <3 <3 <3 3 <3 <3 <3 3

Ce 131 162 120 135 92 107 126 199 190 122

Co 16 42 41 48 44 35 32 29 30 <3

Cr <3 907 596 709 611 165 243 180 332 <3

Cu 27 90 78 80 79 54 54 52 51 7

Ga 22 18 17 15 16 20 19 20 18 24

Hf 7 10 7 5 4 8 6 13 5 13

La 70 95 57 61 48 49 53 98 93 57

Mo 7.0 5.4 6.0 5.0 3.0 4.2 3.2 7.0 8.8 10.9

Nb 115 128 96 93 85 92 96 131 120 166

Ni 8 501 352 466 357 109 112 109 185 <3

Pb 6 <3 <3 <3 <3 <3 <3 <3 4 14

Rb 71 36 40 36 31 54 51 54 64 140

Sr 832 1103 914 847 828 901 962 1345 1361 653

Ta 9 3 3 <3 <3 7 9 6 9 13

Th 9 10 4 6 5 <3 <3 7 8 20

U 3.9 4.1 3.1 3.7 3.9 2.9 3.1 2.5 5.9 6.0

V 139 289 248 234 230 231 295 271 218 8

W <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

Y 32 31 26 29 25 29 30 39 36 32

Zn 94 107 95 96 95 100 94 101 104 81

Zr 430 329 297 318 263 323 353 423 421 698

Ti/Y 440.3 504.7 630.7 539.6 637.9 680.1 712.4 506.7 431.3 104.9

Zr/Y 13.44 10.61 11.42 10.97 10.52 11.14 11.77 10.84 11.69 21.81

R1 726 935 813 1051 1239 927 796 458 883 260

R2 1293 2322 2187 2288 2097 1828 1996 2161 1917 641

Analysed at the Chem is try Lab o ra tory, Pol ish Geo log i cal In sti tute, War saw (Pro ject No 620.1719.00.0)



the ex po sure (BP-48B ra dio met ric sam ple); and 48-3 – from
the up per part of the ex po sure (BP-48A ra dio met ric sam ple).

Bukowa Góra (BP-49)
Ge ol ogy. The ex po sure is lo cated in a work ing quarry

(Ksiêginki II) in a ca. 5 km dis tance SW from Lubañ. The
lava flow (Birkenmajer, 1967; Œliwa, 1971) rests di rectly
upon Cambro-Si lu rian phyllites (Berezowska & Berezow-
ski, 1962a; Kural, 1967). The sam ples were col lected in the
east ern part of the low est ex ploi ta tion level.

Pe trog ra phy. The rock sam ple is dark-grey, very fine-
crys tal line, with well de vel oped fluidal struc ture. Its
groundmass con sists mainly of very fine neph el ine crys tals
and green glass. Very fine plagioclase and pyroxene laths,
both too small to be pre cisely de ter mined, are less fre quent.
Abun dant opaque min er als oc cur. Among pheno crysts,
neph el ine and ol iv ine (<1 mm in size) pre dom i nate. The lat -
ter is partly al tered, with red iddingsite rims, show ing a
microcrack net work filled with sec ond ary min er als of ser -
pen tine group. Smaller ol iv ine pheno crysts are to tally trans -
formed into iddingsite. Pyroxene pheno crysts (Ti-augite z/g
= 38°) are less fre quent.

The rock was orig i nally named nephe lin ite (Birkenma-
jer et al., 1970) and tephrite (Koz³owska-Koch, 1987). The
new data (Ta ble 2; Figs 2, 3) in di cate that it should be re -
clas si fied as ol iv ine melanephelinite (ankaratrite), while its
pri mary magma be longed to an al ka line within-plate type
(Fig. 6).

Palaeomagnetic sam pling. Two hand sam ples (49-1;
49-2) were col lected from the lower part of the quarry
(equal to the BP-49 ra dio met ric sam ple).

Lubañ I (BP-50)
Ge ol ogy. The ex po sure is lo cated in a three-level work -

ing quarry, about 2.5 km south of the Lubañ cen tre. The ex -
posed ex ten sive lava flow (Birkenmajer, 1967; Œliwa, 1971) 
is lo cated partly upon the Or do vi cian phyllites, and partly
upon the Mio cene clays (Berezowski, 1956). The sam ple
was col lected at the low est ex ploi ta tion level.

Pe trog ra phy. The sam ple is a dark-grey rock with por-
phyric struc ture. Its groundmass con sists of very fine pyro-
xene and plagioclase, and a con sid er able amount of green
glass. Abun dant black opaque min er als are reg u larly dis -
persed in the glass. Pyroxene (augite z/g = 37°) and ol iv ine,
up to 2 mm in size, are the only pheno crysts pres ent. Pyro-
xene is com monly twinned or shows a typ i cal hour glass
struc ture. The ol iv ine pheno crysts con tain microcracks
filled with ser pen tine group min er als, and are rimmed by a
red iddingsite.

The rock was pre vi ously clas si fied as a plagioclase-ne-
pheline ba salt or neph el ine basanite (Wojno et al., 1951),
nephe lin ite (Birkenmajer et al., 1970; Grocholski & Jerz-
mañski, 1975; Bia³owolska, 1980), or basanite and tephrite
(Koz³owska-Koch, 1987). The data from this study (Ta ble
2; Figs 2, 3) in di cate that the rock be longs to within-plate
ol iv ine melanephelinite (ankaratrite).

Palaeomagnetic sam pling. Two hand sam ples (50-1;
50-2) were col lected (la belled also as the BP-50 ra dio met ric 
sam ple).

Lubañ II (BP-51)
Ge ol ogy. The sam ples were col lected from the same

ex ten sive lava flow as at site BP-50 (Lubañ I) lo cated in an
old quarry at the Kamienna Góra town-park at Lubañ (see
Birkenmajer et al., 1970; Grocholski & Jerzmañski, 1975)
(Fig. 9).

Pe trog ra phy. The sam ple is a dark-grey, very fine-
crys tal line rock with porphyric struc ture. Its groundmass
con sists of plagioclase and pyroxene (augite) laths. Glass
and opaque min er als (mainly iron-ox ides) abound in the
groundmass. Pyroxene (Ti-augite, z/g = 48°) dom i nates
over fresh ol iv ine, both be ing less than 1 mm in size. Thin
iddingsite rims sur round most of the ol iv ine pheno crysts,
and many of them are en tirely trans formed into iddingsite.
Sin gle quartz crys tals rimmed by very fine pyroxene oc cur.

The rock was pre vi ously clas si fied as plagioclase-neph -
el ine ba salt or neph el ine basanite (Wojno et al., 1951) and
nephe lin ite (Birkenmajer et al., 1970; Grocholski & Jerz-
mañski, 1975). Our data (Ta ble 2; Figs 2, 3, 6) in di cate that
we deal here with a typ i cal within-plate basanite.

Palaeomagnetic sam pling. Two hand sam ples (51-1;
51-2) were col lected from dif fer ent lava col umns (the
BP-51 ra dio met ric sam ple).

Uniegoszcz (PB-52)
Ge ol ogy. The sam ples were col lected from a ba saltic

vol ca nic vent ex posed in an old, two-level quarry at Ostró-
¿ek hill (see Birkenmajer, 1967, text figs 26, 27), SE from
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Fig. 9. Site BP-51 Lubañ, co lum nar basanite lava flow (af ter
Birkenmajer, 1967). Height of the ex po sure ca 10 m



Lubañ. The vent is as so ci ated with lava flow (Birkenmajer
et al., 1970; Krzyœków, 1985) rest ing upon Or do vi cian phy- 
llites (Berezowski, 1956).

Pe trog ra phy. The sam ple is a dark-grey, very fine-
crys tal line rock with flow struc ture. The groundmass con -
sists mainly of brown ish glass, very fine plagioclase and
pyroxene laths, and fre quent opaque min er als. Ol iv ine dom -
i nat ing among pheno crysts con tains microcracks filled with
ser pen tine group min er als. Augite (z/g = 38°) is usu ally
twinned and shows hour glass struc ture.

The rock was pre vi ously clas si fied as a neph el ine ba salt 
(Wojno et al., 1951), nephe lin ite (Birkenmajer et al., 1970)
and basanite (Krzyœków, 1985). Our data (Ta ble 2; Figs 2,
3, 6) con firm that the rock is a within-plate basanite.

Palaeomagnetic sam pling. Two hand sam ples (52-1;
52-2) were col lected from a cen tral part of the aban doned
quarry (BP-52 ra dio met ric sam ple).

Zarêba (BP-53A-E)
Ge ol ogy. The sam ples were col lected from a two-level

work ing quarry at Zarêba (Ksiêginki I), lo cated about 3 km
SW from Lubañ cen tre. The site ex poses a frag ment of the
same ex ten sive lava cover as at sites BP-50 (Lubañ I) and
BP-51 (Lubañ II), show ing the pres ence of reg u lar pyro-
clastic in ter ca la tions, of ten with lava brec cias. Five sam ples
(BP-53A-E) were col lected from the lava (Fig. 10).

Pe trog ra phy. The sam ple is a very dark, nearly black,
very fine-crys tal line rock. The groundmass con tains high
amount of glass, as well as fresh, very fine augite (z/g = 38°) 
and plagioclase laths. Abun dant black opaque min er als are
dis persed within the groundmass. Rel a tively large (0.5–
1 mm) ol iv ine grains are en tirely trans formed into red iddin-
gsite. Sin gle neph el ine pheno crysts of sim i lar size oc cur.

The rock was pre vi ously clas si fied as nephe lin ite (Bir-
kenmajer et al., 1970), how ever, the new data (Ta ble 2; Figs 
2, 3) in di cate that the sam ple is a basanite. Rel a tively large
amount of neph el ine shifts its po si tion in re spec tive di a -
grams near to the ol iv ine mela-nephe lin ite (ankaratrite)
within-plate field (Fig. 6).

Palaeomagnetic sam pling. The fol low ing six hand
sam ples were col lected: two sam ples (53-1; 53-2) from the
up per part of the quarry (BP-53A, B ra dio met ric sam ples);
and four sam ples from the lower part of the quarry, i.e. 53-3
(BP-53C ra dio met ric sam ple); 53-4 (BP-53D ra dio met ric
sam ple), 53-5, 6 (BP-53D and BP-53E ra dio met ric sam ples, 
respectively).

Sulików (BP-54)
Ge ol ogy. The site ex poses a lava flow in a three-level

work ing quarry lo cated about 0.5 km NE from Sulików cen -
tre. A vol ca nic vent prob a bly oc curs N of the quarry
(Birkenmajer, 1967; Jakubowska et al., 1987). The site is
located at the con tact of the ca. 570 Ma Lausitian grey-
wackes (¯elaŸniewicz et al., 2003), and the 540–530 Ma
Zawidów granodiorite (Berezowska & Berezowski, 1962b;
Korytowski et al., 1993). A sam ple was col lected from the
lava flow ex posed in the south ern part of the low est ex ploi -
ta tion level.

Pe trog ra phy. The sam ple is a dark-grey, very fine-
crys tal line rock with scat tered pheno crysts of pyroxene and

ol iv ine which do not ex ceed 0.5 mm in size. Ol iv ine is en -
tirely re placed by red iddingsite.

The rocks from the Sulików quarry were pre vi ously
clas si fied as neph el ine ba salt, plagioclase ba salt and nephe -
lin ite (Wojno et al., 1951), and nephe lin ite (Birkenmajer et
al., 1970; Koz³owska-Koch, 1987). The sam ple in our study 
(Ta ble 2; Figs 2, 3) is clas si fied as be long ing to ol iv ine
mela-nephe lin ite (ankaratrite).

Palaeomagnetic sam pling. Two hand sam ples were
col lected at the same site (BP-54 ra dio met ric sam ple).

Markocice (BP-55)
Ge ol ogy. The old quarry (called “Wojtek”) at Boga-

tynia ex poses rocks rep re sent ing the cen tral part of an ex -
ten sive lava flow which cov ers the 514–480 Ma Rumburk
gran ite (¯elaŸniewicz et al., 2003).

Pe trog ra phy. The sam ple is a dark-grey, very fine-
crys tal line rock with porphyric struc ture. Its groundmass
con sists of very fine fresh-pre served plagioclase (lab ra dor -
ite An58-60) and pyroxene laths, with a small ad mix ture of
neph el ine and opaque min er als, and brown ish-green glass.
Idiomorphic pyroxene (augite, z/g = 48°) prisms pre dom i -
nate among pheno crysts; they are com monly twinned, with
a typ i cal hour glass struc ture. Ol iv ine pheno crysts are sec -
ond in fre quency. They com monly show traces of mag matic 
cor ro sion in form of embayments filled with glass. Mi cro-
cracks in ol iv ine are filled with min er als of ser pen tine
group. The rock was pre vi ously classifed as trachyandesite
(Smulikowski, 1960) and basanite (Berezowski, 1973). Our 
study (Ta ble 2; Figs 2, 3) con firms at tri bu tion of the rock to
within-plate basanite.

Palaeomagnetic sam pling. One hand sam ple has been
col lected (BP-55 ra dio met ric sam ple).

Opolno Zdrój (BP-56A, B)
Ge ol ogy. Sam ples (BP-56A, B) were col lected in an

old quarry which ex poses a lava flow with cen trally lo cated
vent (Birkenmajer, 1967, text fig. 31). The coun try rocks
are rep re sented by the 514–480 Ma Rumburk gran ite
(¯elaŸniewicz et al., 2003) and augen gneiss es of the Izera
com plex, with a protolith age con strained to 515–480 Ma
(Korytowski et al., 1993; ¯elaŸniewicz et al., 2003).
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Fig. 10. Site Zarêba BP-53, basanite lava flow, x – lo ca tion of
sam pling sites for K-Ar dat ing



Pe trog ra phy. The sam ple is a light-col oured (pale-
green), fine-crys tal line porphyric rock. Its groundmass is
com posed of elon gated (<0.3 mm) plagioclase (oligoclase
An28-30) laths with albitic twins, and K-feld spar show ing
Carlsbad twinning. Nee dle-shaped pyroxene (augite z/g =
48°) also oc curs in the groundmass. K-feld spar (up to 2 mm
in size), be ing the only phenocryst, is sub-idiomorphic and
forms very fine granophyric inter growths with quartz and
polysynthetic feld spar twins. Zir con, the only ac ces sory mi- 
neral, rarely oc curs within the groundmass.

The rock was pre vi ously clas si fied as plagioclase ba salt 
or trachyphonolite (Smulikowski, 1960; Birkenmajer, 1967; 
Birkenmajer et al., 1970), phonolite (Berezowski, 1971,
1973), and trachyte (Koz³owska-Koch, 1987). Our data
(Ta ble 2; Figs. 2, 3) con firms the lat ter at tri bu tion.

Palaeomagnetic sam pling. One hand sam ple (56-1)
was col lected. Be cause the site is in a very bad con di tion
and the phonolite oc curs as iso lated blocks, it is un cer tain
whether these blocks are in situ.

PO TAS SIUM-AR GON DAT ING

Dat ing meth ods and age cal cu la tions

The meth ods used to de ter mine K-Ar ages of the basal-
tic rocks have been de scribed in de tail else where (Birken-
majer & Pécskay, 2002). The K was ana lysed us ing the
flame pho tom e try, while the ra dio genic Ar was mea sured
by iso tope di lu tion af ter ex trac tion of the Ar in a high-vac -
uum line. The iso to pic com po si tion of the Ar was de ter -
mined us ing a mass spec trom e ter (90° mag netic sec tor type
of 150 mm ra dius – see Balogh, 1985) which was op er ated
in the static re gime. The pre ci sion of the K and Ar mea sure -
ments was reg u larly checked by interlaboratory stan dards:
LP-G, GL-O, HD-B1 and Asia 1/65 (see Odin et al., 1982).
Atomic con stants sug gested by Steiger and Jäger (1977)
were used for cal cu lat ing the ages. All of the an a lyt i cal er -
rors rep re sent one stan dard de vi a tion (68% con fi dence
level). De tails of the instruments have been described
elsewhere (Balogh, 1985).

Jelenia Góra area

Five lo ca tions have been sam pled in the Jelenia Góra area
(Fig. 1). The ba saltic rocks (basanite and ankaratrite) yielded
K-Ar ages rang ing from 27.8 Ma to 23.4 Ma (Ta ble 3).

Ex cept for the K-Ar age of 23.4±1.1 Ma ob tained on
sam ple BP-43, there is an agree ment in ages be tween the re -
main ing sam ples to within an a lyt i cal er rors. It is thought,
there fore, that loss of ra dio genic Ar was the rea son for re ju -
ve nated age of sam ple BP-43. Such an as sump tion is sup -
ported by the pres ence of glassy groundmass and sec ond ary
neph el ine in this sam ple. Sim i lar min er al og i cal-petrogra-
phic ob ser va tions were also made in other sam ples, e.g.
BP-44A, 45, 46A, and SK-10. It is well known (e.g.,
McDougall, 1966) that lavas most suit able for K-Ar dat ing
of the whole-rock samples should be holocrystalline and not 
al tered. Un for tu nately, many ba saltic rocks from our study
con tain vary ing pro por tions of poorly crys tal lized ground-
mass or glass which con tains po tas sium. There fore, the con -
strained ra dio met ric K-Ar ages should be gen er ally re -
garded as the minimum ages.

On the other hand, the highly con cor dant ages de ter -
mined in sam ples from four lo ca tions sug gest that vol ca -
nism in this area was re stricted to a rel a tively short pe riod
be tween 27.8 Ma and 25.3 Ma, i.e. to the Late Oligocene
(Chattian). The 26.2 Ma value, a mean of four dates (27.8±
1.2 Ma, 25.3±1.0 Ma, 26.0±1.0 Ma and 26.0±1.3 Ma), prob -
a bly re flects the main vol ca nic ep i sode, with ankaratrite be -
ing slightly youn ger than the basanite.

A gen eral agree ment be tween the K-Ar and palaeo-
mag netic data (Ta ble 3 and Figs 11–13) sug gest that the dif -
fer ent K-Ar ages might rep re sent dif fer ent vol ca nic epi-
sodes.

Lubañ area

The Lower Silesia Ba saltic Prov ince ex tends west wards 
from the Lubañ area to Ger many, and to the south to the
Czech Re pub lic. In the Lubañ area, 17 rep re sen ta tive ba -
saltic sam ples were col lected for K-Ar dat ing from nine ex -
po sures in work ing and aban doned quar ries (Fig. 1). The
dat ing re sults rang ing from 30.7 to 22.2 Ma are shown in
Ta ble 4.

(1) The old est dates of about 30 Ma were de ter mined in
two high-K ba saltic rocks (BP-47A, B and BP-56A, B) clas -
si fied as trachybasalt and trachyte, re spec tively. We con -
sider these dates as rep re sent ing real geo log i cal ages. The
age dif fer ence be tween sam ples BP-47A and BP-47B might 
re flect some slight re ju ve na tion of the K-Ar age in sam ple
BP-47B with a lower K content.

(2) The K-Ar dates ob tained from the Sto¿ek Perkuna
quarry (BP-48A-C) do not agree with their rel a tive geo log i -
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Ta ble 3

Re sults of K-Ar dat ing of ba saltic rocks from the West Sudety Mts

No. of K/Ar No. of sample Location Rock type
K

(%)
40Arrad

(ccSTP/g)
40Arrad

(%)
K/Ar age

(Ma)

6210 BP-43 Pilchowice ankaratrite 0.82 7.541×10-7 40.8 23.4±1.1

6211 BP-44A Wojciechów quarry E basanite 1.15 1.249×10-6 52.3 27.8±1.2

6212 BP-45 Grudza quarry ankaratrite 0.60 6.128×10-7 55.9 26.0±1.0

6213 BP-46A Rêbiszów quarry S ankaratrite 0.79 7.867×10-7 57.3 25.3±1.0

6342 SK-10 Œnie¿ne Kot³y basanite 1.08 1.100×10-6 35.5 26.0±1.3

The anal y ses were per formed at the In sti tute of Nu clear Re search, Hun gar ian Acad emy of Sci ences (ATOMKI), Debrecen. The whole rock frac tion was
ana lysed
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Fig. 11. K-Ar dat ing re sults from sites where more than one sam ple was ra dio met ri cally dated ver sus geo mag netic scale of Cande and
Kent (1995), and re sults from the Oligocene ba saltic rocks of the Lower Silesia (Birkenmajer & Pécskay, 2002; Birkenmajer et al., 2002b,
2004, 2007, this pa per). Left side – ra dio met ric scale in Ma and po lar ity col umn; right side – magnetozones. Full cir cles – nor mal po lar ity;
open cir cles – re versed po lar ity. Site mean ages are drawn in a bold line. (A) Site BP-53A-E; (B) Site B-57A, B; (C) Site 56A-C; (D) Site
BP-56A, B

Fig. 12. K-Ar dat ing re sults from sites where more than one
sam ple was ra dio met ri cally dated ver sus geo mag netic scale of
Cande and Kent (1995), and re sults from the Oligocene ba saltic
rocks of the Lower Silesia (Birkenmajer & Pécskay, 2002;
Birkenmajer et al., 2002b, 2004, 2007, this paper). Left side – ra -
dio met ric scale in Ma and po lar ity col umn; right side –
magnetozones. Full cir cles – nor mal po lar ity; open cir cles – re -
versed po lar ity. Site mean ages are drawn in a bold line

Fig. 13. Cor re la tion of K-Ar dat ing re sults of the Mio cene ba -
saltic rocks from the Lower Silesia (data from Birkenmajer et al.,
2000b, 2004, 2007, this pa per) ver sus geo mag netic scale of Cande
and Kent (1995); full cir cles – nor mal po lar ity; open cir cles – re -
versed po lar ity; num bers of sites in ves ti gated in this pa per are
given in bold fig ures



cal ages. It seems likely that the geo log i cally older rock
(BP-48C) had lost some Ar, and that both lavas are at least
25.7 Ma old. How ever, the cal cu lated mean age of 25.9 Ma
for the three sam ples well cor re sponds to the nor mal po lar -
ity Gracze event.

(3) An older ankaratrite lava flow ex po sure south from
Lubañ (the Bukowa Góra quarry, BP-49, base of the sec -
tion) yielded K-Ar date of 28.7±1.5 Ma. An ex ten sion of
this lava flow might be at Ksiêginki (BP-50). How ever, due
to a very high at mo spheric Ar con tam i na tion, its ra dio met -
ric age was not con sid ered as mean ing ful and, there fore, not 
in cluded in Table 4.

(4) A basanite lava flow from the same area (Lubañ II,
BP-51) is slightly youn ger, i.e. 27.3±1.2 Ma.

(5) The youn gest ba saltic rock (alkalic basanite, BP-52) 
was col lected from a vol ca nic vent in Uniegoszcz and yiel-
ded a date of 22.2±0.7 Ma. This is a clear ev i dence of the
pres ence of the Early Mio cene vol ca nism in the Lubañ area, 
which, how ever, is areally more re stricted than the Oligo-
cene one in con trast to the north ern (Jawor) and east ern
parts of the Lower Silesia Ba saltic Prov ince (Birkenmajer et 
al., 2002).

(6) The most de tailed sam pling was made in a melane-
phelinite (ankaratrite) lava flow at Józef quarry near Zarêba. 
The two sam ples (BP-53A, B) were taken from the up per
part, and three (BP-53C-E) from the lower part of the quarry 
(Fig. 10). Palaeomagnetic study (see later) con firms that the
sam ples rep re sent a sin gle lava flow. How ever, be cause the
K-Ar geo chron ol ogy pro vides a wide range of dates from
31.9 Ma to 24.8 Ma (Ta ble 4), it ap pears that this ankaratrite 
lava flow can not be con sid ered as the iso to pi cally “closed

sys tem”. The scat tered K-Ar data could be a re sult of Ar
loss in sam ple BP-53C (low est K con tent and, thus, the
high est age) and the pres ence of some Ar ex cess. Nev er the -
less, other sam ples (BP-53A, B, and BP-53D-E) yielded
concordant ages.

More over, as sum ing that the sam ples from the up per
part of the quarry had lost some Ar, the age ob tained on
sam ple BP-53E (27.9±0.9 Ma) might be the best es ti ma tion. 
This would be in good agree ment with the age de ter mined
for sam ple BP-51 (27.3±1.2 Ma). How ever, we can not ex -
clude a pos si bil ity that the dif fer ent ages re fer to two
volcanic events.

(7) The con strained K-Ar date of sam ple BP-54 (29.4±
1.1 Ma) seems to be older than the geo log i cal age: there fore, 
it can be con sid ered a max i mum age.

(8) A basanite sam ple (BP-55) col lected near the Pol -
ish–Czech state bor der yielded a date of 26.5±1.1 Ma. We
in ter pret this date as the age of crys tal li za tion of the lava
flow. This age is sim i lar to that es tab lished for volcanics in
the ad ja cent area of the Czech Re pub lic (Cajz et al., 1999).

PALAEOMAGNETISM

Palaeomagnetic stud ies of ba saltic rocks from lo ca tions 
marked in here as BP-43, 47, 48, and 52–56 were ini ti ated
al ready half a cen tury ago (Birkenmajer & Nairn, 1969;
Birkenmajer et al., 1970). Be cause pre vi ous re sults were
pre sented in text-ta bles only, with out de tails of de mag ne ti -
za tion, we have de cided to re-study these lo ca tions. For
com par i son, the pre vi ously pub lished data are in cluded in
Ta ble 5.
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Ta ble 4

Re sults of K-Ar dat ing of ba saltic rocks from the north ern fore land of the Sudety Mts

No of K/Ar No of sample Location Rock type
K

(%)

40Arrad

(ccSTP/g)

40Arrad

(%)
K/Ar age

(Ma)

6215 BP-47A Leœna-Brzozy quarry S trachybasalt 2.01 2.418×10-6 78.6 30.7±1.2

6216 BP-47B Leœna-Brzozy quarry N trachybasalt 1.59 1.751×10-6 73.8 28.1±1.1

6217 BP-48A Sto¿ek Perkuna quarry, upper ankaratrite 0.81 8.148×10-7 53.9 25.7±1.1

6218 BP-48B Sto¿ek Perkuna quarry, lower E ankaratrite 0.58 6.171×10-7 38.9 27.2±1.1

6219 BP-48C Sto¿ek Perkuna quarry, lower W ankaratrite 0.65 6.360×10-7 42.8 25.0±1.0

6220 BP-49 Bukowa Góra quarry ankaratrite 0.75 8.406×10-7 31.0 28.7±1.5

6221 BP-50 Ksiêginki quarry ankaratrite 0.46 1.356×10-6 16.1 (!) 34.6±3.1 (?)

6222 BP-51 Lubañ quarry basanite 0.60 6.406×10-7 45.6 27.3±1.2

6223 BP-52 Uniegoszcz basanite 1.19 1.031×10-7 60.7 22.2±0.7

6224 BP-53A
Zarêba, Josef quarry upper

ankaratrite 0.70 6.883×10-7 56.1 25.1±0.9

6225 BP-53B ankaratrite 0.60 5.819×10-7 49.5 24.8±0.9

6226 BP-53C

Zarêba, Josef quarry lower

ankaratrite 0.58 7.250×10-7 42.5 31.9±1.2

6227 BP-53D ankaratrite 0.61 6.349×10-7 52.7 26.6±0.9

6228 BP-53E basanite 0.79 8.630×10-7 74.2 27.9±0.9

6229 BP-54 Sulików quarry ankaratrite 0.69 7.971×10-7 70.6 29.4±1.1

6230 BP-55 Markocice quarry basanite 0.67 6.987×10-7 51.8 26.5±1.1

6231 BP-56A
Opolno Zdrój

trachyte 4.20 4.821×10-7 88.1 29.3±1.1

6232 BP-56B trachyte 4.20 4.448×10-6 86.9 27.0±1.0

Dated at the In sti tute of Nu clear Re search, Hun gar ian Acad emy of Sci ences (ATOMKI), Debrecen. The whole rock frac tion was ana lysed



Palaeomagnetic meth ods

All palaeomagnetic ex per i ments were car ried out at the
Palaeomagnetic Lab o ra tory of the Pol ish Geo log i cal In sti -
tute in War saw, in the mag net i cally shielded space (low-
field cage, Mag netic Mea sure ments, UK) re duc ing the am -
bi ent geo mag netic field by about 95%. From each hand
sam ple, 3–4 cy lin dri cal spec i mens were pre pared. Nat u ral
rem nant mag ne ti za tion (NRM) was mea sured us ing the
JR-5 spin ner mag ne tom e ter (AGICO, Czech Re pub lic). Al -
ter nat ing field (AF) de mag ne ti za tion was per formed us ing
Molspin de vice (max. de mag ne tiz ing field avail able 99 mT) 
and ther mal de mag ne ti za tion – us ing non-mag netic oven
MMTD (Mag netic Mea sure ments, UK). Char ac ter is tic rem -
nant mag ne ti za tion (ChRM) di rec tions were cal cu lated
based on the prin ci pal com po nent anal y sis (see Kirschvink,
1980), and us ing the PALMAG pack age (Lewandowski et

al., 1997). Most of the sam ples were treated with the AF.
Ther mal de mag ne ti za tion was ap plied to pi lot spec i mens,
de mag ne tiz ing paths were, how ever, more noisy than in the
case of the AF treat ment, and some times it was not pos si ble
to iso late ChRM.

Palaeomagnetic re sults

Af ter ex trac tion of a small low coercivity com po nent
(fol low ing 5–10 mT de mag ne ti za tion steps) a sta ble char ac -
ter is tic mag ne ti za tion was re vealed, which was in ter preted
as pri mary (Fig. 14). Char ac ter is tic magnetizations from all
sites are quite dis persed (Fig. 15), i.e. only some of them are 
con cor dant with Neo gene di rec tions “ex pected” for the Eu -
ro pean Plat form, with mi nor de vi a tions which might be ex -
plained by sec u lar vari a tions. These are nor mal po lar ity re -
sults from sites BP-43 and BP-48 (Fig. 14A), and re verse
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Ta ble 5

Char ac ter is tic magnetizations of the ba saltic rocks stud ied (Sites 43-56)

Locality Sample D/I a95 k n/no

BP-43

43-1 302/66 3.7 618.5 4/4

43-2 315/74 4.4 437.2 4/4

Mean 307/70 – – 2/2

Site 57 307/71 12.6 – 3/7

BP-44

44-1 (44A) 8/-26 8.8 195.8 3/3

44-2 (44B) 336/-10 13.4 85.4 3/3

44-3 (44B) 339/-8 12.0 105.3 3/3

Mean  (44B) 337/-9 – – 2/3

BP-45

45-1 190/-46 14.4 41.2 4/4

45-2 189/-40 12.9 51.8 4/4

Mean 189/-43 – – 2/2

BP-46

46-1 (46A) 191/-74 2.2 1689.9 4/4

46-2 (46A) 221/-75 9.5 95 4/4

Mean 206/-75 – – 2/2

BP-47

47-1 (47A) 269/-72 6.1 228.9 4/4

47-2 (47A) 266/-66 14.5 72.8 3/41

47-3 (47B) 278/-67 – – 1/21

47-4 (47B) 222/-56 8.1 230.9 3/42

Mean (47A) 267/-69 – – 2/2

Mean (47B) 238/-68 – – 2/2

Mean (47A-B) 252/-69 – – 2/2

Site 46 161/-56 4.2 – 6/6

BP-48

48-1 (48C) 342/62 4.2 473.5 4/4

48-2 (48B) 25/60 6.5 198.9 4/4

48-3 (48A) 47/55 13.1 49.8 4/4

Mean (48A-C) 21/62 25.8 23.5 3/3

Site 47 352/52 9.4 – 5/6

BP-49

49-1 176/23 3.8 573.5 4/4

49-2 180/32 9.9 87.3 4/4

Mean 178/28 – – 2/2

Locality Sample D/I a95 k n/no

BP-50

50-1 184/29 10.9 71.8 4/4

50-2 180/32 2.5 1309 4/4

Mean 182/31 – – 2/2

BP-51

51-1 172/18 21.4 33.9 3/3

51-2 180/32 19.2 41.7 3/3

Mean 191/15 – – 2/2

BP-52

52-1 256/-35 5.7 473.2 3/3

52-2 257/-47 1.5 7200 3/42

Mean 256/-41 – – 2/2

Site 42 164/27 – – 6/6

Site 43 169/-15 – – 5/6

Site 44 176/-74 9.1 – 6/6

BP-53

53-1 (53A) 189/-42 13.3 48.1 4/4

53-2 (53B) 184/-74 4.5 410.9 4/4

53-3 (53C) 174/-65 8.4 121.3 4/4

53-4 (53D) 176/-72 8.8 110.5 4/4

53-5 (53E) 166/-71 7.7 144.2 4/4

53-6 (53E) 167/-77 11.9 60.5 4/4

Mean (53E) 166/-74 – – 2/2

Mean (53A-E) 180/-66 13.4 33.3 5/5

Site 23 176/-51 9.9 – 6/6

Site 24 160/-46 17.7 – 6/6

BP-54

54-1 197/-80 2.8 954 3/3

54-2 191/-67 6.8 184.7 4/4

Mean 193/-74 – – 2/2

Site 52 168/-69 3 – 7/7

BP-55
55-1 61/40 21.5 33.5 3/42

Site 49 78/49 – – 5/6

BP-56
56-1 (56B) 341/-70 9.5 93.9 4/52

Site 51 315/38 – – 8/8

D – dec li na tion, I – in cli na tion,  a95, k -Fisher sta tis tics pa ram e ters, no – num ber of spec i mens (sam ples) in ves ti gated, n – num ber of spec i mens (sam ples)
used for cal cu la tion of the mean di rec tion. Ital ics: Re sults of Birkenmajer & Nairn (1969). 1 – one spec i men de mag ne tized with AF re jected; 2 – one spec i -
men de mag ne tized ther mally re jected



po lar ity re sults from sites BP-45, BP-46, BP-53 (Fig.14B),
and BP-54. Char ac ter is tic magnetizations at other sites were 
di ver gent from Neo gene geo mag netic di pole field: these di -
rec tions were in ter preted as vir tual magnetizations, i.e. ac -
quired dur ing an in ter me di ate (anom a lous) po si tion of geo -
mag netic di pole dur ing in ver sion or geo mag netic ex cur sion. 
This con cerns es pe cially sites BP-44 (Fig. 14D) and BP-
49–51 (Fig. 14C).

Magnetizations in ba saltic flows of the same age cor re -
late over long dis tances and might be used as strati graphic
mark ers (e.g., Coe et al., 2005). Based on this as sump tion,
bas alts from sites BP-49–51 might be in ter preted as the
same vol ca nic event. In deed, K-Ar dates from sites BP-49
and BP-51 over lap within the error limit.

Dis cus sion: magnetostratigraphy

In te gra tion of magnetostratigraphy and K-Ar dat ing
gives an unique op por tu nity to ver ify the re li abil ity of both
meth ods. In case of sam ples BP-53A-E, which were col -
lected from the same lava flow, con sis tent re versed mag ne -
ti za tion was re vealed in all of them (Ta ble 5). How ever, the
K-Ar dates ob tained from these sam ples were spread be -
tween 31.9 (±1.2) and 24.8 (±0.9) Ma (Ta ble 5; Fig. 11A),
i.e. over a time span that con sid er ably ex ceeded the an a lyt i -
cal er rors of the ra dio met ric method ap plied. The mean age
from five mea sure ments, 27.3±1 Ma, falls at the close of the 
re versed Odra Event (Fig. 11A).

It thus ap pears that an a lyt i cal er ror for a sin gle K-Ar
dat ing is un der es ti mated. As can be seen from re sults ob -
tained at site BP-53, it amounts to 3.0–3.5 Ma. There fore,
for com par i son with the global po lar ity time scale, mean
ages were cal cu lated for those sites where more than one
K-Ar data was avail able (i.e., BP-53, BP-57, BP-58, and
BP-56 – see Fig. 11). This ap proach seems jus ti fied since all 
sam ples from these sites re vealed the same po lar ity (BP-47
and 53 – reversed; BP-48 – normal).

Mean date from BP-47 (29.4±1.1 Ma) is con cor dant
with the be gin ning of the Odra Event (Fig. 11B), while that
from BP-48 falls in the mid dle part of the Gracze Event
(25.9±1 Ma – see Fig. 11C). Ad di tion ally, mean age was
calculated also for site BP-56, where only a sin gle palaeo-
mag netic re sult was ob tained (Fig. 11D): it agrees with the
Odra Event.

Most of the in tru sions stud ied are of Oligocene age
(Fig. 12). The over all pat tern of pre dom i nantly nor mal po -
lar ity of youn ger in tru sions (Gracze Event), and re versed
po lar ity of older in tru sions (Odra Event), was con firmed.
The most abun dant were re versed po lar ity in tru sions aged
be tween 27.3±1.2 Ma (BP-51) and 29.4±1.1 Ma (BP-47 and 
54). To gether with dates ob tained in our pre vi ous stud ies
(Birkenmajer et al., 2002b, 2004, 2007), they con sti tute an
al most con tin u ous data set di vided by only one en try of nor -
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Fig. 14. Or thogo nal pro jec tions of typ i cal AF de mag ne ti za tion paths. xy – hor i zon tal plane pro jec tion; yz – ver ti cal plane pro jec tion; (a) 
site BP-48C, nor mal po lar ity; (b) site BP-53D, re versed po lar ity; (c) – site BP-49, in ter me di ate di rec tion of un de fined po lar ity; (d) site
BP-44B, in ter me di ate di rec tion of un de fined po lar ity

Fig. 15. Ste reo graphic pro jec tion of site- and lo cal ity-mean di -
rec tions. Open cir cles – up per hemi sphere pro jec tion; full cir cles – 
lower hemi sphere pro jec tion



mal po lar ity (BP-34). Within the er ror limit, they might rep -
re sent a sin gle vol ca nic phase – the Odra Event as de fined
by Birkenmajer et al. (1977). Its mean age would be 28.2±
1.2 Ma, which is close to the Early/Late Oligocene bound -
ary (af ter Gradstein et al., 2004). When com pared to GPTS,
it might be correlated with magnetozones C9r or C10r.

Two nor mal po lar ity in tru sions, BP-48 and BP-55,
might be as signed to the Gracze Event (as de fined by Bir-
kenmajer et al., 1977). Its mean age amounts to 26.28±1.08
Ma, which might cor re spond to magnetozone C8n in the
mid dle part of the Late Oligocene.

Two dates ob tained at sites BP-43 and BP-52 fall within 
the lat est Oligocene, close to the Oligocene/Mio cene boun-
dary (Fig. 13). They plot be tween the Gracze and Jawor
events (as de fined by Birkenmajer et al., 1977), in the in ter -
val with rel a tively few datings, that might in di cate de crease
in vol ca nic ac tiv ity (Pécskay et al., 2004).

CON CLU SIONS

(1) Con sid er ing the geo log i cal age-ranges and spa tial
dis tri bu tion of our K-Ar-dated Oligocene and Mio cene ba-
saltoid rocks in Lower Silesia, we could not dis cern signs of 
a pref er en tial younging of vol ca nism in any par tic u lar geo -
graphic di rec tion.

(2) There seems also to be no pref er en tial pat tern in
changes of geo chem i cal com po si tion of these volcanics,
both stratigraphically and/or areally.

(3) Palaeomagnetic in ves ti ga tions gen er ally con firm
the ex is tence of a vol ca nic ep i sode of re versed po lar ity
close to the Early/Late Oligocene bound ary. This ep i sode
was dis tin guished by Birkenmajer et al. (1977) as the Odra
Event (see also Birkenmajer et al., 2004, 2007). Its mean
age might be es ti mated at 28.2±1.2 Ma.

(4) An other vol ca nic ep i sode of nor mal po lar ity oc -
curred dur ing the Late Oligocene. It was dis tin guished by
Birkenmajer et al. (1977) as the Gracze Event (see also
Birkenmajer et al., 2004, 2007). Its mean age might be es ti -
mated at 26.28±1.8 Ma.

(5) We do not im ply that the Gracze and Odra events
were two sep a rate phases of vol ca nic ac tiv ity. This ac tiv ity
might have been con tin u ous through out two or more po lar -
ity zones. How ever, as real er ror of K-Ar dat ing of our
Oligocene vol ca nic sam ples might be as high as 3 Ma (see
above), we de cided to keep the di vi sions of Birkenmajer et
al. (1977) un til more pre cise ra dio met ric data will be avai-
lable.

(6) A mul ti ple palaeomagnetic-ra dio met ric sam ple in -
ves ti ga tions at site BP-53 (Zarêba) have re vealed that a real
er ror in K-Ar dat ing of the Neo gene volcanics at this site
might amount to 3–3.5 Ma. This sug gests that more palaeo-
mag netic and ra dio met ric in ves ti ga tions should be perfor-
med at this site to ob tain a re li able dispersal of data.

(7) The basaltoid volcanics ac quired their mag ne ti za -
tion in the course of rapid cool ing. There fore, “in ter me di -
ate” magnetizations from the time of mag netic re ver sals
were usu ally pre served. In such cases, anom a lous magneti-
zations might be treated as a strati graphic tool to cor re late
the same lava flows over a con sid er able distance.
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