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IN TRO DUC TION

The pres ent pa per is the fifth con tri bu tion to a geochro-
nological, petrologic- geochemical and pa laeo mag netic
study of the Ter ti ary ba sal tic rocks in Lower Sile sia, Po land. 
It cov ers an area of the North- Sudetic De pres sion. Our pre -
vi ous stud ies in cluded the ar eas of the Fore- Sudetic Block
(Birk en ma jer & Pécskay, 2002; Birk en ma jer et al., 2002b,
2004), and the Sudety Mts (Birk en ma jer et al., 2002a).
Fourty two K-Ar dates have thus far been ob tained from ba -
sal toid sites lo cated in the Fore- Sudetic Block (be tween
Opole in the east and Leg nica in the west), the Sude ty Mts
(L¹dek Zdrój), and the North Sudetic De pres sion (this pa -
per). Ad di tional 15 K-Ar dates have re cently been pub -

lished from Ter ti ary ba sal toids of Lower Sile sia by Badura
et al. (2005).

The Ter ti ary ba sal toids of Lower Sile sia be long to east -
ern branch of the Bohemo- Silesian vol canic belt, part of the
Cen tral Euro pean Ter ti ary intra- plate vol canic prov ince
(Fig. 1). To the north of the Sudetic Mar ginal Fault, and in
the North Sudetic De pres sion, the vol canic ac tiv ity usu ally
started in Early Oli go cene and con tin ued through Early
Miocene (Aqui ta nian–Bur di ga lian), with a c. 3 Ma break at
the Mio cene/Oli go cene bound ary. An other, much shorter
cy cle of ba sal toid vol canic ac tiv ity, dat ing from the Mio -
cene/Plio cene (Messin ian–Zan clean) bound ary through



Early Plio cene (Zan clean) was rec og nized in the east ern
part of the Sude tes Mts.

The Ter ti ary vol canic ac tiv ity in Lower Sile sia pro -
duced nu mer ous ba sal toid stra to cones with or with out cen -
tral plugs and, of ten ex ten sive, lava flows (flow- basalts). In -
ter nal struc ture of these vol canic bod ies is of ten well ex -
posed in work ing and aban doned quar ries. A purely in tru -
sive phase is rep re sented by less fre quent dykes and sills
(e.g., Birk en ma jer, 1967; Œliwa, 1967; Birk en ma jer &
Nairn, 1969; Birk en ma jer et al., 1970, 2002a, b, 2004; Bir-
kenmajer & Pécskay, 2002; Badura et al., 2005).

The geo chrono logi cal study re ported here is a re sult of
bi lat eral co- operation be tween the Pol ish Acad emy of Sci -
ences (In sti tute of Geo logi cal Sci ences, Cra cow Re search
Cen tre) and the Hun gar ian Acad emy of Sci ences (In sti tute
of Nu clear Re search, De bre cen), which be gan in 1998 aim -
ing at K-Ar dat ing of the Pol ish Ter ti ary vol can ics (Birk en -
ma jer & Pécskay, 1999, 2000). Since 2000, it has been ex -
tended to wards a sys tem atic K-Ar age de ter mi na tion of the
Ter ti ary ba sal tic rocks in Lower Sile sia. The fol low ing oc -
cur rences of ba sal toid rocks have so far been elabo rated by
us: (I) The Late Oli go cene me la basan ite plugs and la vas of
the Opole area, Fore- Sudetic Block (Birk en ma jer &
Pécskay, 2002); (II) The Neo gene basan ite plug (Messinian/ 
Zanclean) and lava flows (Zan clean) of the L¹dek Zdrój
area, Sude tes Moun tains (Birk en ma jer et al., 2002a); (III
and IV) The Late Oli go cene to Early Mio cene ba sal toid
rocks (an kara trite, basan ite, teph rite, al kali ba salt) in the
Fore- Sudetic Block be tween Strze lin in the east and Leg -
nica in the west (Birk en ma jer et al., 2002b, 2004).

Since 2001, a pa laeo mag netic sam pling pro gramme has 
sup ple mented our geo chrono logi cal study of the Lower
Sile sian Ter ti ary ba sal tic rocks, in volv ing the Pol ish Geo -
logi cal In sti tute in War saw (see Birk en ma jer et al., 2002a,
b, 2004). It aims at re fin ing and re vi sion of  palaeomagnetic
data from these rocks pub lished ear lier (e.g., Birk en ma jer & 

Nairn, 1969; Birk en ma jer et al., 1970, 1972, 1977; Kruc zyk 
et al., 1977a, b, and ref er ences therein). From 2001 to 2004,
new petrological- geochemical stud ies of the ba sal tic rocks
in ques tion, were car ried out as part of sci en tific plans of the 
In sti tute of Geo logi cal Sci ences, Pol ish Acad emy of Sci -
ences. Geo chemi cal analy ses were per formed in the Cen tral
Chemi cal Labo ra tory of the Pol ish Geo logi cal In sti tute in
War saw.

GEO LOG I CAL SET TING
AND PE TROL OGY

In the area of the North- Sudetic De pres sion be tween Ja -
wor and Z³oto ryja (Fig. 2) six sam ples for K-Ar dat ing and
petrologic- geochemical study, and an ap pro pri ate number
of sam ples for pa lae mag netic in ves ti ga tion were col lected
in 2001 at four sites (BP- 34–39).

SAM PLING DATA

Si chów (BP- 34)
Ge ol ogy. This is a vol canic plug lo cated at a junc tion of 

the Sudetic Mar ginal Fault (WNW–ESE) which sepa rates
the North- Sudetic De pres sion from the Fore- Sudetic Block
(Figs 2, 3), with an other (W–E- trending) fault which cuts
Cambro- Silurian rocks of the Kac zawskie Mts (see Jerz -
mañski, 1956, fig. 1; 1965, fig. 2). In an aban doned quarry
(Fig. 3), we see small- size, gen tly tilted an kara trite col umns, 
di verg ing fan- wise in the west ern part of the ex po sure (see
Birk en ma jer, 1967, fig. 15; Site No 12 in Birk en ma jer et al., 
1970).

Pe trol ogy and geo chem is try. This rock was orig i nally
clas si fied as plagioclase-neph el ine ba salt with glass (Wojno 
et al., 1951), later as basanite (Birkenmajer et al., 1970),
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Fig. 1. Basaltoid volcanics of the Bohemo-Silesian Belt in Cen tral Eu ro pean Ter tiary vol ca nic prov ince (sim pli fied from Ko peckú,
1966)



melabasanite (Birkenmajer et al., 1977), and tephrite
(Koz³owska-Koch, 1987). The rock is black, fine-grained,
with out di rec tional struc ture. Its groundmass con sists of
brownish glass and very fine pheno crysts of neph el ine,
K-feldspar and pyroxene. Iso tro pic, euhedral crys tals of
opaque min er als are abun dant. Among pheno crysts, euhe-
dral and subhedral ol iv ine dom i nates: its size is usu ally 0.5
mm, ex cep tion ally reach ing up to 1.5 mm. Sub or di nate phe- 
nocrysts of pyroxene (Ti-aguite, z/g = 37°) are euhedral or
subhedral, com monly twinned, some times show ing in ter nal
zon ing, rarely also an hour glass struc ture. Small ag gre gates
com posed of fine pyroxene and ol iv ine crystals ap pear here
or there. Very rare ves i cles are filled with cal cite, chal ce -
dony and quartz.

Based on min eral and chemi cal com po si tion (Tab. 1;
Figs 9–11), and fol low ing the IUGS stan dard for sys te mat -
ics of ig ne ous rocks (Le Bas & Streckeisen, 1991), our rock
should be clas si fied as an kara trite (oli vine melanephe-
linite).

Sam pling. Sam ples BP- 34 for K-Ar dat ing and for pa -
laeo mag netic meas ure ments (SI 1 & 2) were col lected in
south- eastern part of the quarry (Fig. 3A, B).

Wilków (BP- 35–37)
Ge ol ogy. This is a large ba sal toid plug well ex posed in

a work ing quarry (Kahle Berg on Ger man maps; Site No 18
in Birk en ma jer et al., 1970: Krzeniów III). It shows sev eral
sys tems of ther mal joint ing well ex pressed in ar range ment
of ver ti cal (at lower ex ploi ta tion level) to moderately- to-
 steeply in clined col umns (Fig. 4A, B), proba bly rep re sent -
ing more than one in tru sive phase. Two south- dipping ba -
sal toid dykes (Fig. 4C), moreo ver sev eral ver ti cal faults and
brec ci ated zones, have been rec og nized (Figs 4A–C). As so -
ci ated tuff brec cias con tain xe no liths of Up per Cre ta ceous
sand stones which do rep re sent host rocks of the plug (Bir-
kenmajer, 1967).

Pe trol ogy and geo chem is try. The rock was origi nally
clas si fied as nephe lin ite (Birk en ma jer, 1967; Birk en ma jer
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Fig. 2. Lo ca tion of basaltoid sam pling sites (BP-35–39: cir cled num bers) in North Sudetic De pres sion, Lower Silesia, Po land. 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



& Nairn, 1969; Birk en ma jer et al., 1977), later – as basan ite
pass ing into ba salt (Krzyœków, 1986; Bia³owol ska, 1993).

Three sam ples taken from the up per (BP-35), mid dle
(BP-36) and lower (BP-37) ex ploi ta tion lev els of the quarry
(Fig. 4A–C) were stud ied. Black colouration and very fine
grain are typ i cal for the sam ples. The rock at up per level
(BP-35) is porphyric; at mid dle level (BP-36) – apha ni tic;
and at lower level (BP-37) – show ing fluidal struc ture. Its
groundmass con sists of very fine plagioclase plates (lab ra -
dor ite An53-55) with albitic twins, and of twinned pyroxene
(z/g = 38–42°), some times show ing hour glass struc ture.
Black opaque min er als oc cur in fre quently. Plagioclase and
pyroxene pheno crysts are coated with glass (in sam ple
BP-37, the groundmass com po nents ex press sericitization
of plagioclase and chloritization of both pyroxene and
glass). Among small (<1 mm in size) pheno crysts, euhedral
or subhedral ol iv ine pre dom i nates. In some cases (BP-36),
the pheno crysts are sur rounded by very fine iddingsite rims, 
in oth ers (BP-37) their microcracks are sec ond arily filled
with min er als of ser pen tine group. In sam ple BP-38, sin gle
pyroxene pheno crysts of uni form size (ca 1 mm) oc cur.

A rock sam ple from up per level of the quarry (BP- 35)
con tains nu mer ous vesi cles 3–5 mm in size. Some are filled
with euhe dral ol iv ine crystals show ing a net work of mi -
crocracks filled with ser pen tine group min er als. Other vesi -

cles are filled with very fine py rox ene and, sub or di nately,
nephe line, the lat ter brown- coloured by iron- pigment.

Vol can ics at the up per (BP- 35) and mid dle (BP- 36) ex -
ploi ta tion lev els of the quarry are rich in xe no liths: much al -
tered Up per Cre ta ceous sand stone xe no liths pre vail at the
up per, while ul tra ma fic rock xe no liths – at the mid dle ex -
ploi ta tion lev els. The ul tra ma fic xe no liths con sist mainly of
oli vine with ke lyphitic rims and crowns made up of fine
pyroxene crystals and cal cic pla gio clase rel icts; sec on dary
cal cite is also pres ent.

Based on min eral and chemi cal com po si tions of the
rocks ex am ined (Tab. 1, Figs 9–11), they should be clas si -
fied as basan ite. This is partly in agree ment with some pre -
vi ous stud ies (see Krzyœków, 1986; Bia³owol ska, 1993).

Sam pling. Sam ples for K-Ar dat ing and for pa laeo -
mag netic meas ure ments were col lected at two ex ploi ta tion
lev els: BP- 35 and pa laeo mag netic sam ples WL 1 & 2 – at
sec ond level, in SE part of the quarry (Fig. 4A); BP- 36 and
pa laeo mag netic sam ples WL 3 & 4 – at sec ond level, mid dle 
part (Fig. 4B); BP- 37 and pa laeo mag netic sam ples WL 5 &
6 – at third level, mid dle part (Fig. 4C).

Tru pieñ (BP- 38)
Ge ol ogy. This is a small ba sal toid plug ex ploited in a

new work ing quarry east of Wilków site (BP- 35–37). The
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Fig. 3. Sichów, Site BP-34 (aban doned quarry), lo ca tion of sam ples. Ar rows (in A) show ar range ment of ankaratrite col umns; dashed – 
pos si ble bound aries of the plug; 1 – ankaratrite; 2 – large xe no lith of meta mor phic rocks; 3 – Qua ter nary cover; 4 – scree (af ter
Birkenmajer 1967, fig. 15, ex pla na tions mod i fied)



quarry ex poses mar ginal part of the plug, at its con tact with
Up per Cre ta ceous sedi men tary rocks (Fig. 5A, B).

Pe trol ogy and geo chem is try. This rock was pre vi -
ously clas si fied as ba salt (Fr¹ckiewicz, 1955), basan ite
(Bia³owol ska, 1980; Ko chanowska & ¯ygad³o, 1984; Ko-
z³owska- Koch, 1987), or basan ite and ba salt (Bia³owol ska,
1993). The rock is black, very fine- grained, show ing por -
phy ric and, lo cally, flui dal struc ture. Its ground mass con -
sists of very fine fresh pla gio clase (lab ra dor ite An58- 60)
show ing dis tinct al bitic and peri clinic twins, dis persed in
fresh glass with small amount of opaque min er als. Among
rela tively small phe no crysts (maxi mum 1.5 mm in size),
euhe dral oli vine phe no crysts pre domi nate; some are sur -
rounded by ke lyphitic rims. Sin gle, rare py rox ene phe no -
crysts are mostly chlo ri tized and partly re placed by pen nine. 
The rock shows pres ence of small vesi cles filled with fine
pyroxene crystals, usu ally grow ing ra di ally from out side in -
wards.

Our pet ro logic and geo chemi cal stud ies (Tab. 1; Figs
9–11) con firm pre vi ous clas si fi ca tions: the stud ied rock
(BP- 38) rep re sents a basan ite. It is of simi lar type as that
from the Wilków quarry (BP- 25–37).

Sam pling. Basan ite sam ples (BP- 38) for K-Ar dat ing,
and sam ples TR 1 & 2 for pa laeo mag netic meas ure ments,
were col lected at lower ex ploi ta tion level, in SW part of the
quarry, as far as pos si ble from basan ite con tact with sedi -
men tary rocks (Fig. 5).

Wilcza Góra (BP- 39)
Ge ol ogy. This is a basan ite plug well ex posed in an

aban doned quarry near Z³oto ryja (Site No 7 in Birk en ma jer
et al., 1970). It cuts Per mian, Tri as sic and Up per Cre ta ceous 
rocks (Fig. 7). Yel lowish Up per Cre ta ceous (Tu ro nian)
sandstones oc cur also as large xe no liths within the plug
(Figs 6–8).

Pe trol ogy and geo chem is try. This rock was pre vi -
ously clas si fied as plagioclase-neph el ine ba salt or neph el ine 
basanite (Wojno et al., 1951; Birkenmajer et al., 1970), as
basanite (Birkenmajer, 1967; Birkenmajer et al., 1977;
Grocholski & Jerzmañski, 1975; Koz³owska-Koch, 1987),
and melabasanite (Bia³owolska, 1980). The rock is black,
very fine-grained, with clearly ex pressed porphyric struc -
ture. Its groundmass is com posed of partly chloritized glass
with very fine pyroxene and neph el ine pheno crysts in equal
pro por tions. The pheno crysts are 0.5–1.5 mm in size, with
ol iv ine pre dom i nat ing. They are euhedral or subhedral, usu -
ally fresh, how ever some of them show ir reg u lar net work of 
microcracks filled with min er als of ser pen tine group and
with cal cite. Euhedral or subhedral neph el ine pheno crysts
are less com mon than ol iv ine. Rare pyroxene (Ti-augite, z/g
= 37°) pheno crysts are usu ally partly chloritized. They com -
monly show in ter nal zon ing and hour glass struc ture (Fig.
12). Some times they con tain anhedral in clu sions of ol iv ine
that al lows to es tab lish crys tal li za tion suc ces sion of these
two pri mary min er als (Fig. 13). Lo cally, small ves i cles
filled with very fine neph el ine and ol iv ine oc cur, both over -
grown with anhedral grains of K-feld spar.

The rock is rich in xe no liths, par ticu larly in cen tral part
of the quarry: some xenoliths are ul tra ma fic rocks simi lar to
those from the Wilków quarry (see BP- 35, 36). The sand -
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Ta ble 1

Chem i cal com po si tion of Ter tiary basaltoid rocks from the
North Sudetic De pres sion (Sites 34-39), Lower Silesia.

An a lyzed 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)

BP-34 BP-35 BP-36 BP-37 BP-38 BP-39

%

SiO2 40.09 43.66 43.20 42.67 42.79 40.66

TiO2 2.60 2.44 2.63 2.65 2.51 2.64

Al2O3 12.73 14.22 14.40 14.28 13.76 13.31

Fe2O3 12.25 12.03 12.15 12.17 12.10 12.00

MnO 0.19 0.18 0.18 0.18 0.18 0.21

MgO 11.75 11.56 10.82 11.41 12.64 11.60

CaO 12.46 9.77 9.91 10.12 10.08 12.25

Na2O 3.31 3.67 3.96 3.50 3.29 3.32

K2O 0.90 1.12 1.35 1.29 1.16 1.01

P2O5 1.07 0.66 0.71 0.66 0.61 0.66

SO3 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Cl 0.07 0.11 0.11 0.12 0.10 0.03

F <0.01 0.05 0.05 0.05 <0.01 0.06

LOI 2.16 0.16 0.24 0.61 0.43 1.88

SUM 99.55 99.70 99.69 99.69 99.65 99.63

ppm

As 4 <3 <3 <3 3 4

Ba 595 453 391 613 469 579

Bi <3 <3 <3 <3 <3 4

Ce 95 72 72 89 75 104

Co 44 51 37 62 58 43

Cr 304 343 242 356 402 364

Cu 74 52 53 53 81 64

Ga 17 19 20 21 19 19

Hf 6 5 6 5 5 10

La 58 32 35 55 41 54

Mo 2.5 2.0 <2.0 <2.0 <2.0 <2.0

Nb 87 63 74 67 65 102

Ni 279 259 220 228 347 205

Pb <3 3 <3 <3 <3 <3

Rb 33 40 46 41 39 31

Sr 992 674 742 701 652 784

Ta 6 7 7 8 5 9

Th 9 9 12 8 9 11

U 2.9 4.2 4.8 3.8 4.4 4.7

V 187 180 161 228 205 215

W <5 <5 6 <5 <5 6

Y 28 31 34 32 31 33

Zn 110 115 119 118 113 108

Zr 290 268 297 276 255 282

Ti/Y 556.7 472.8 463.7 496.5 485.4 479.5

Zr/Y 10.36 8.65 8.74 8.63 8.22 8.55

R1 912 959 785 926 1044 926

R2 2166 1898 1880 1929 1976 2147



stone (Up per Cre ta ceous) and si li ceous schist xe no liths are
strongly al tered at con tacts with ig ne ous rock. Some xe no -
liths are trav ersed by thin car bon ate (CaCO3) veins, oth ers
are strongly Fe- enriched (Fig. 14).

Based on min eral and chemi cal com po si tion of the
stud ied sam ple (Tab. 1), and us ing the IUGS stan dard of
sys te mat ics of ig ne ous rocks (Figs 9, 10), our rock should
be clas si fied as an kara trite (oli vine melanephe lin ite).

Sam pling. Sam ples BP- 39 for K-Ar dat ing and sam ples 
WG 1 & 2 for pa laeo mag netic meas ure ments were col lected 
from co lum nar an kara trite at the low est ex ploi ta tion level
(Figs 7, 8).

GEO CHEM I CAL RE MARKS

Geo chemi cal clas si fi ca tion, based upon con tents and
ra tios of ox ides and im mo bile trace ele ments, shows a clear
clus ter ing of plotted points representing the stud ied rocks
(Figs 9, 10). Al though it could be ex pected that the two an -
kara trites (BP- 34 and BP- 39) be simi lar in their chemi cal
com po si tion, the an kara trite from Si chów (BP- 34) plots
slightly away from that of Wilcza Góra (BP- 39), the lat ter
be ing very close to basan ites from both Wilków (BP- 35–37) 
and Tru pieñ (BP- 38).

A dis crimi na tion dia gramme, based upon the ra tios
Zr/Y vs. Ti/Y (Fig. 11), clearly shows that all the rocks stud -
ied are typi cal within- plate ba sal toids. The old est rock (BP-
 34), which is a Late Oli go cene an kara trite (me la basan ite),
shows a rela tively low po tas sium con tent (0.90% – Tab. 1;
0.786% – Tab. 2). It in creases in Early Mio cene rocks from
1.12% to 1.38% (Tab. 1), re spec tively to 1.003% and
1.141% (Tab. 2) in sam ples BP- 35, 36 and 38, reach ing up
to 1.29% (Tab. 1), re spec tively 1.67% (Tab. 2) in the
young est basan ite sam ple (BP- 37). A simi lar evo lu tion ary
trend is also shown by co balt con tent (Tab. 1): 44 ppm
(BP- 34), through 37–58 ppm (BP- 35, 36, 38) to 62 ppm
(BP- 37).

K-Ar DAT ING

Six sam ples, all of them from vol canic plugs, were ana -
lysed by con ven tional K-Ar dat ing tech niques. Ana lyti cal
work has been car ried out on whole- rock sam ples, the po -
tas sium and ar gon de ter mi na tions were per formed at the In -
sti tute of Nu clear Re search, Hun gar ian Acad emy of Sci -
ences (ATOMKI, De bre cen).
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Fig. 4. Wilków, Sites BP-35–37 (work ing quarry), basanite, show ing ther mal joint ing pat terns (col umns) and lo ca tion of sam ples. A –
mid dle ex ploi ta tion level, II, SE part (BP-35); B – mid dle ex ploi ta tion level, II (BP-36); C – gen eral view of the quarry (I – up per; II –
mid dle; III – lower ex ploi ta tion lev els); 1 – basanite brec cia; 2, 3 – co lum nar basanite; 4 – ba saltic brec cia; 5 – Qua ter nary cover



The most suit able sam ples were crushed and sieved.
A split of the crushed rock was se lected and finely ground
for po tas sium de ter mi na tion. The whole- rock sam ples, ap -
proxi mately 500 mg wt, were fur ther used for Ar analy sis.
For de tails of the pro ce dures – see Birk en ma jer and Pécskay 
(2002), for cali bra tion of the in stru ments and meth ods ap -
plied – see Ba logh (1985).

Ap par ent ages were cal cu lated us ing the de cay con -
stants as pro posed by Stei ger and Jäger (1977). All ana lyti -
cal er rors rep re sent one stan dard de via tion (68% ana lyti cal
con fi dence level). The re sults of K-Ar age de ter mi na tion of
col lected rock sam ples are given in Tab. 2. For stra tigraphic
evalua tion of the re sults, the In ter na tional Com mis sion on
Stra tigra phy Geo logic Time Scale 2004 (Grad stein et al.,
2004) – see Tab. 3 was used.

RE SULTS OF K-Ar DAT ING

In K-Ar dat ing, the as sump tion that the non- radiogenic
ar gon has at mos pheric iso tope com po si tion al lows cal cu la -
tion of amount of ra dio genic 40Ar by sub tract ing the non-
 radiogenic 40Ar (ob tained from mul ti ply ing 36Ar by the at -
mos pheric 40Ar/36Ar ra tio = 295.5) from the to tal amount of 
40Ar. The fact that the ma jor ity of ba sal tic rocks in ves ti -
gated yielded geo logi cally sig nifi cant K-Ar ages, gives

strong evi dence that the non- radiogenic ar gon com po nent in 
these sam ples has a 40Ar/36Ar ra tio close to at mos pheric
value. In some cases, pet ro logi cal in ves ti ga tions sug gest a
prob abil ity of some Ar loss by later re heat ing (i.e. ap par ent
re ju ve na tion of sam ple’s geo logi cal age). Since xe no liths
fre quently oc cur in the rocks stud ied, spe cial care was taken 
dur ing prepa ra tion of the sam ples to avoid them in sieved
frac tions.

(1) The old est an kara trite plug in ves ti gated (27.80±
1.27 Ma), sitting di rectly upon the Sudetic Mar ginal Fault at 
Si chów (BP- 34), in di cates the age of the fault as Late Oli go -
cene. This is the most primi tive rock (an kara trite), with rela -
tively low K- content (0.786%). Due to glassy ground mass
of the rock, some Ar loss can not be ex cluded. There fore, the 
K-Ar age should be con sid ered a mini mum one.

(2) A break in vol canic ac tiv ity be tween the Oli go cene
and the Mio cene rec og nized in the Fore- Sudetic Block vol -
can ics, amount ing to about 3 Ma (see Birk en ma jer et al.,
2004, fig. 18), seems to be fur ther sup ported by our new
data from the North- Sudetic De pres sion.

(3) An other an kara trite plug (BP- 39 at Wilcza Góra) is
con sid era bly younger, 20.07±0.90 Ma (Early Mio cene).
Glassy ground mass of the rock is slightly al tered, how ever
there are no in di ca tions of a sig nifi cant re ju ve na tion. This
an kara trite could be long to a new vol canic phase re sumed
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Fig. 5. Trupieñ, Site BP-38 (work ing quarry), basanite plug. A. plan of the quarry (af ter Zago¿d¿on, 2001) with lo ca tion of sam ple
BP-38. B. sketch of NW wall of the quarry; 1 – basanite plug; 2 – basanite/sed i ment brec cia; 3 – yel low ish-whit ish sand stone; 4 – red -
dened sand stone (3, 4 – Up per Cre ta ceous)
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Fig. 6. Wilcza Góra, Site BP-39 (aban doned quarry), ankaratrite plug. A large xe no lith of Up per Cre ta ceous (Turonian) sand stone vis i -
ble at lower ex ploi ta tion level, mid dle part

Fig. 7. Wilcza Góra, Site BP-39 (geo log i cal map of aban doned quarry af ter Zago¿d¿on, 2001), ankaratrite plug, show ing lo ca tion of
sam ples (39 – for K-Ar dat ing; P – for palaeomagnetic mea sure ments)



af ter the Oli go cene/Mio cene tem po rary break in vul can ic ity 
(see above).

(4) Four K-Ar dates: 19.41±0.88 Ma (BP- 35: basan ite);
19.57±0.79 Ma (BP- 36: basan ite); 20.19±0.94 Ma (BP- 38:
basan ite); and 20.07±0.90 Ma (BP- 39: an kara trite), rep re -
sent a younger age set, at trib ut able to an Early Mio cene
(Bur di ga lian–Aqui ta nian) vol canic phase as al ready rec og -
nized in the Fore- Sudetic Block by Birk en ma jer et al.
(2002b, 2004). In these rocks, K- content in creases from
1.003 (BP- 38) to 1.141% (BP- 36).

(5)The young est date, 18.72±0.81 Ma (BP- 37), with K
= 1.167% (basan ite), re fers to a sam ple taken from cen tral

part of the plug, from uni formly ver ti cally stacked basan ite
col umns: it may rep re sent the lat est Early Mio cene (Aqui ta -
nian) vol canic event at the Wilków site.

PALAEOMAGNETISM

Pa laeo mag netic stud ies of ba sal tic rocks from sites
BP- 34 (Si chów) and BP- 39 (Wilcza Góra) were al ready
per formed sev eral dec ades ago (Birk en ma jer & Nairn,
1969; Birk en ma jer et al., 1970; Kruc zyk et al., 1977). Tak -
ing into ac count that these re sults were pre sented only in
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Fig. 8. Wilcza Góra, Site BP-39, sche matic re con struc tion of ankaratrite plug

Fig. 9. Plot of Ter tiary basaltoid rock sam ples from the North
Sudetic De pres sion, TAS clas si fi ca tion diagramme (Le Bas et al.,
1986). Num bers re fer to sites (BP) in ves ti gated

Fig. 10. Plot of Ter tiary basaltoid rock sam ples from the North
Sudetic De pres sion, R1-R2 clas si fi ca tion diagramme (De la Roche 
et al., 1986). Num bers re fer to sites (BP) in ves ti gated



text- tables, with out de tails of de mag neti za tion, we have de -
cided to re- study these lo cali ties. New re sults from sites
BP- 35–38, which have not been pa laeo mag neti cally stud ied 
so far, are pre sented in Tabs 4–7.

All pa laeo mag netic ex peri ments were car ried out in the
Pa laeo mag netic Labo ra tory of the Pol ish Geo logi cal In sti -
tute, War saw (PGI Pro ject No 6.20.1719.00.0), in the mag -
neti cally shielded space (low- field cage, Mag netic Meas -
ure 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 speci -
mens were ob tained. Natu ral re ma nent mag neti za tion
(NRM) was meas ured us ing the JR-5 spin ner mag ne tome ter 
(AGICO, Czech Re pub lic). Al ter nat ing field (AF) de mag -
neti za tion was per formed us ing Molspin de vice (max. de -
mag net iz ing field avail able 99 mT), and ther mal de mag neti -
za tion – us ing non- magnetic oven MMTD (Mag netic Meas -
ure ments, UK). Char ac ter is tic re ma nent mag neti za tion
(ChRM) di rec tions were cal cu lated based on the prin ci pal
com po nent analy sis (see Kirschvink, 1980), and us ing the
PAL MAG pack age (Le wan dowski et al., 1997). Most sam -
ples were treated with the AF. Ther mal de mag neti za tion

was ap plied to pi lot speci mens, de mag neti za tion 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

(1) The nor mal po lar ity of the ChRM was con firmed in
Site BP- 34 (Si chów) – see Tab. 4. Af ter re mov ing a weak
low co er civ ity (proba bly vis cous) com po nent up to 10 mT,
a sec ond, high co er civ ity com po nent (in ter preted as pri -
mary) ap peared with west erly dec li na tion and very steep
down ward in cli na tion (Fig. 15A).

(2) Re versed po lar ity di rec tions were re vealed in the re -
main ing sites (Figs 15B–F; see also Tabs 4–6). In sam ples
from Sites BP- 35 and BP- 36, a low co er civ ity com po nent
was sig nifi cantly stronger than high co er civ ity com po nent
(Fig. 15B). Pa laeo de cli na tions of pri mary mag neti za tion in
Sites BP- 35–38 are con sis tently plot ting in SE quad rant of
stereonet (Fig. 16). ChRM in Site BP- 39 re veals ab nor mally 
steep in cli na tion and anoma lous dec li na tion quite simi lar to
those from Sites BP- 27 and 28 near Strze gom (see Birk en -
ma jer et al., 2004).

10  K. BIRKENMAJER ET AL. 

Fig. 11. Plot of Ter tiary basaltoid rock sam ples from the North
Sudetic De pres sion, Pearce and Gale (1977) clas si fi ca tion dia-
gramme. Num bers re fer to sites (BP) in ves ti gated

Fig. 12. Wilcza Góra (BP-39), ankaratrite plug: pyroxene phe-
nocryst with hour glass struc ture, outer zone partly chloritized.
Scale bar – 0.55 mm

Fig. 13. Wilcza Góra (BP-39), ankaratrite plug: ol iv ine in clu sion 
in pyroxene phenocryst. Scale bar – 0.22 mm

Fig. 14. Wilcza Góra (BP-39), ankaratrite plug: con tact zone of
ankaratrite with xe no lith of thor oughly trans formed sed i men tary
rock. Scale bar – 0.22 mm



(3) New re sults ob tained in this study were plot ted
against the geo mag netic po lar ity time scales and com pared
with pre vi ous ra dio met ric dat ings, sum ma rized in Birk en -
ma jer et al. (2004). Sites BP- 35 to 39 be long to the sec ond
phase of in tru sions dated as Early Mio cene (Fig. 17). Bulk
of the second- phase ba sal toid in tru sions re veals re versed
po lar ity of mag neti za tion: they most proba bly in truded
within a sin gle po lar ity event. This con cerns es pe cially the
in tru sions BP- 18 (Tar gowica), BP- 25–27 (Gilów and Strze -
gom I and III), BP- 30 and 32 (Ja wor area – Birk en ma jer et
al., 2004), and BP- 35–39 (this pa per). Their ra dio met ric

ages range be tween 19.41±0.88 Ma (BP- 35) and 21.62±
0.93 Ma (BP- 30).

(4) The agree ment be tween the age of ba sal toid vol can -
ics and po lar ity pat terns is not per fect. Ana lyti cal er ror of
K-Ar ages is sig nifi cantly larger than the fre quency of geo -
mag netic re ver sals dur ing the Early Mio cene. How ever, the
mean age of the clus ter (20.23±0.87 Ma) falls within the re -
versed mag ne to zone C6r (Fig. 17). This sup ports our es ti -
mates (Birk en ma jer et al., 2004) that Early Mio cene vol -
canic ac tiv ity in Lower Sile sia might have taken place
mostly within this mag ne to zone. It cor re sponds to the Ja wor 
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Ta ble 2

Re sults of K-Ar dat ing of basaltoid rocks from the North Sudetic De pres sion, Lower Silesia
(per formed at the In sti tute of Nu clear Re search, Hun gar ian Acad emy of Sci ences, Debrecen, ATOMKI). Whole-rock frac -

tions dated. Two main vol ca nic phases: I – Oligocene (ca 28 Ma); II – Early Mio cene (20.1–18.7 Ma: ca 20.1 Ma;
19.5 Ma, 18.7 Ma?)

K-Ar
No

Sample
No

Site/geology
K
%

40Ar rad
%

40Ar rad
ccSTP/g

K-Ar age
Ma

Phase

5590 BP-34 Sichów, ankaratrite plug 0.786 40.7 8.561 × 10-7 27.80 ± 1.27 I

5591 BP-35 Wilków, basanite plug 1.045 41.3 7.029 × 10-7 19.41 ± 0.88

II

5592 BP-36 Wilków, basanite plug 1.141 57.6 8.728 ×10-7 19.57 ± 0.79

5593 BP-37 Wilków, basanite plug 1.167 47.0 8.535 × 10-7 18.72 ± 0.81

5594 BP-38 Trupieñ, basanite plug 1.003 39.1 7.920 × 10-7 20.19 ± 0.94

5595 BP-39 Wilcza Góra, ankaratrite plug 1.015 42.9 7.965 × 10-7 20.07 ± 0.90

Ta ble 3

K-Ar ages (with an a lyt i cal er ror bars) of basanite (BP-35 – BP-38) and ankaratrite (BP-34, 39) plugs of the North Sudetic
De pres sion. Chronostratigraphic scale from Gradstein et al. (2004)



event of Kruc zyk et al. (1977) and Birk en ma jer et al.
(1977), but its age is ca 4.7 older than origi nally sug gested.

(5) Site BP- 34 rep re sents the older, Late Oli go cene
phase of ba sal toid vol can ism. Its age is slightly older than
the age of nor mally mag net ized in tru sions (BP-2, 6, 4 and
42) as signed to the Gracze event (Birk en ma jer et al., 2004;
see Fig. 18). Origi nally, ex is tence of a sepa rate Si chów
event was pos tu lated (Kruc zyk et al., 1977) which ap par -
ently marked the on set of vol canic aciv ity in Lower Sile sia
(Birk en ma jer et al., 1977). How ever, in the light of new
K-Ar dat ings, it seems that the Si chów plug is younger than
most of the plugs as signed to the Odra event. Tak ing into
ac count the ana lyti cal er ror, the Si chów plug might be con -
tem po ra ne ous with nor mally mag net ized plugs of the
Gracze event, the lat ter cor re spond ing to mag ne to zone C8n
(Birk en ma jer et al. , 2004). How ever, it can not be ex cluded
that the Si chów plug em place ment oc curred be tween the
Gracze and Odra events, dur ing mag ne to zone C9.

DIS CUS SION AND CON CLU SIONS

(1) The K-Ar ages of six ba sal toid sam ples taken from
the North- Sudetic De pres sion range be tween 27.8 Ma (Si -
chów, BP- 34) and 18.72 (Wilków, BP- 37), Late Oli go cene

and Early Mio cene, re spec tively. Within this in ter val, two
suc ces sive vol canic events have been dis tin guished in the
Fore- Sudetic Block: (I) The (Early)–Late Oli go cene phase,
and (II) The Early Mio cene (Aqui ta nian–Bur di ga lian) one.

There is a much wider spread of K-Ar dates ob tained from the 
Lower Silesian basaltoids by Badura et al. (2005). Three of their
dates cor re spond to Early Mio cene, nine dates are widely dis trib -
uted be tween Early and Late Oligocene, two dates fall within
Eocene, and the old est one – within Paleocene ep ochs.

(2) The old est K-Ar date ob tained, 27.8±1.27 Ma (Si -
chów, BP- 34), from a basan ite plug lo cated at the Sudetic
Mar ginal Fault, sug gests geo logi cal age of the fault as Late
Oli go cene (Chat tian).

(3) All six in ves ti gated rock sam ples col lected from
four sites lo cated in the North- Sudetic De pres sion are typi -
cal within- plate ba sal toids. Geo chemi cal dif fer ence be -
tween the Oli go cene ba sal toids and the Early Mio cene ones, 
sup ports a mul ti phase vol can ism con cept of the Lower Sile -
sian vol canic sub province.

(4) The old est rock in ves ti gated (an kara trite, BP- 34),
27.80±1.27 Ma old (Late Oli go cene) is nor mally magneti-
zed, the re main ing five (an kara trite, BP- 39 and basan ites,
BP- 35–38), from 20.07±0.90 Ma to 18.72±0.81 Ma old, are
re versely mag net ized.

(5) The ba sal toid rocks of the North Sudetic De pres -
sion, rep re sented by an kara trite (oli vine melanephe lin ite:
Si chów BP- 34 and Wilcza Góra BP- 39) and basan ite
(Wilków BP- 35–37 and Tru pieñ BP- 38) are within- plate
ba sal toids. They formed un der the same geo tec tonic re gime.

12  K. BIRKENMAJER ET AL. 

Ta ble 4

Palaeomagnetic re sults from Sichów (BP-34),
ankaratrite plug

Sample Dec/Inc a95 k no/n

SI 1 241/65 15.8 34.5 4/4

SI 2 262/75 8.1 129.3 4/4

Dec – dec li na tion; Inc – in cli na tion; a95, k – Fisher sta tis tics param e ters;
no – num ber of spec i mens de mag ne tized; n – num ber of spec i mens used for 
cal cu la tion of the site (sam ple) mean di rec tion

Ta ble 5

Palaeomagnetic re sults from Wilków
(sites BP-35 to BP-37), basanite plug

Sample Dec/Inc a95 k no/n

WL 1 144/–53 24.2 10.8 5/5

WL 2 143/–52 – – 1/1

BP-35 mean 143–53 – – 2/2

WL 3 135/–42 – – 2/2

WL 4 166/–52 12.2 102.8 3/4*

BP-36 mean 149/–48 – – 2/2

WL 5 159/–47 2.6 233 3/3

WL 6 130/–29 19.8 39.3 3/4*

BP-37 mean 154/–39 – – 2/2

* – ther mal demagnetiztion re jected
For ex pla na tions – see Tab. 4

Ta ble 6

Palaeomagnetic re sults from Trupieñ (BP-38),
basanite plug

Sample Dec/Inc a95 k no/n

TR 1 magnetization not consistent

TR 2 159/–65 25.8 23.5 3/4*

* – ther mal demagnetiztion re jected
For other ex pla na tions – see Tab. 4

Ta ble 7

Palaeomagnetic re sults from Wilcza Góra (BP-39),
ankaratrite plug

Sample Dec/Inc a95 k no/n

WG 1 267/–80 9.2 99.5 4/4

WG 2 321/–69 12.7 95.5 3/4*

* – ther mal demagnetiztion re jected
For ex pla na tions – see Tab. 4
Mean (this study): 304/–76, N = 2.
(af ter Birkenmajer & Nairn, 1969): 131.7/–85.9, a95 = 7.1, no/n = 6/6
(afret Kruczyk et al., 1977): 229/–75, a95 = 5.6, k + 39.2, N = 18
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Fig. 15. Or thogo nal pro jec tion of typ i cal AF and ther mal de mag ne ti za tion paths: A – BP-34; B – BP-35; C – BP-36; D – BP-37; E –
BP-38; F – BP-39. xy – hor i zon tal; yz – ver ti cal plane pro jec tion
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magnetozones; full cir cles – nor mal po lar ity; open cir cles – re versed po lar ity. Black num bers – new sites in ves ti gated (this study); grey
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Streszczenie

DATOWANIE RADIOMETRYCZNE
TRZECIORZÊDOWYCH WULKANITÓW

DOLNEGO ŒL¥SKA. V. DATY K-Ar I WYNIKI
BADAÑ PALEOMAGNETYCZNYCH

PÓZNOOLIGOCEÑSKICH I WCZESNO-
MIOCEÑSKICH SKA£ BAZALTOWYCH NIECKI

PÓ£NOCNOSUDECKIEJ

Krzysztof Birkenmajer, Zoltán Pécskay, Jacek Grabowski,
Marek W. Lorenc & Pawe³ P. Zago¿d¿on

Pi¹ta czêœæ datowañ K-Ar i badañ paleomagnetycznych trze-
ciorzêdowych wulkanitów Dolnego Œl¹ska obejmuje ods³oniêcia
tych ska³ w obszarze niecki pó³nocnosudeckiej, w s¹siedztwie su-
deckiego uskoku brze¿nego. Otrzymano szeœæ dat w granicach
27,80±1,27 Ma (póŸny oligocen: Sichów, BP-34) – 18,72±0,81
Ma (ni¿szy miocen = burdyga³: Wilków, BP-37). PóŸnooligo-
ceñska data dla ankaratrytowego czopu Sichowa (BP-34), który
znajduje siê na sudeckim uskoku brze¿nym, okreœla taki wiek tego 
uskoku. Zbadane ska³y bazaltowe – bazanity i ankaratryty (mela-
bazanity) s¹ typowymi przedstawicielami wulkanizmu œródp³yto-
wego. Sk³ad chemiczny ogniska magmowego podlega³ ewolucji,
co przejawi³o siê w badanych ska³ach wzrostem zawartoœci potasu 
i kobaltu w okresie czasu miêdzy wy¿szym oligocenem a ni¿szym
miocenem. Czopy ankaratrytu i bazanitu zosta³y zbadane pod
wzglêdem paleomagnetycznym: najstarszy z nich, 27,80 Ma (BP-
34: ankaratryt) wykazuje namagnesowanie normalne, pozosta³e
piêæ, 20,07–18,72 Ma (BP-39: ankaratryt; BP-35–38 – bazanity)
wykazuje namagnesowanie odwrócone.
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