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STRESZCZENIE

Opracowanie zawiera wyniki pomiarów kierunku naturalnego magne­
tyzmu szczątkowego w górnokarbońskich i dolnopermskich skałach mag­
mowych intruzyjnych i wylewnych oraz w przeobrażonych osadach tego 
wieku, w ystępujących w depresjach śródsudeckiej i północnosudeckiej. 
Stwierdzono ponadto, że niektóre skały opisywane dotychczas pod nazwą 
„melafirów” są najprawdopodobniej zmetasomatyzowanymi skałami osa­
dowymi, na co wskazują relik ty  s truk tu r sedymentacyjnych.

*
* *

A b s t r a c t .  The mean directions of m agnetization determined from th e exa ­
m ination of Lower Perm ian volcanics and Upper Carboniferous volcanics and 
intrusives from the Sudetic region of Poland (Lower Silesiia) w ere 196 —4 (virtual 
pole position 175E43N) and 196 — 12 (174E 43N) respectively. D etailed descriptions- 
of the sam pling sites are given and reasons adduced for considering the alteration  
of the Carboniferous igneous rocks to be of Carboniferous rather than of Permian  
age.

It w as found that certain of the rocks previously identified  as „m elaphyres” 
were m etasom atised sedim ents on the basis of retained sedim entary structures. This 
however was not observed in some cases w here their origin remain doubtful.

INTRODUCTION

The present paper is a continuation of the palaeomagnetic study of 
Polish rocks begun in 1961, and extends the survey of Perm ian rocks 
from the Kraków area ( B i r k e n m a j e r  and N a i r n ,  1964) to th e
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Sudetic basin (Figure 1). In all, some 32 sites were visited (see Figures 2 
and 3), and if this num ber is small, the m ajor outcrops are nevertheless 
represented. The work complements the purely  palaeomagnetic study on 
the Perm ian rocks in the Czech p art of the Sudetic basin (B u c h  a et

Fig. 1. G łówne elem enty strukturalne Sudetów (budowę geologiczną bloku przed- 
sudeckiego pominięto). 1 — skały archaiczne; 2 — skały prekam bryjskie i  staro- 
paleozoiczne; 3 — sk ały  paleozoiczne; 4 — granitoidy waryscyjsikie; 5 — skały  
m łodopaleozoiczne ii mezozoiczne; 6 — obszary pobrania prób; 7 — głów ne dyslo­
kacje; I — blok gnejsow y Gór Sowiich; II — blok Karkonoszy—Gór Izerskich; 
III — kompleks m etam orficzny Lądka-Śnieżnika; IV —  kom pleks m etam orficzny  
Gór Bystrzyckich i  Gór Orlickich; V — kom pleks m etam orficzny wschodnich K ar­
konoszy; VI — kom pleks m etam orficzny kłodzki; VII — kaledonidy Gór Kaczawskich; 
VIII — struktura wschodniosudecka; IX  — struktura Barda; X  — depresja Ś w ie­
bodzic; X I — granitoidy Kudowej; X II —  granitoidy Karkonoszy; X III — lintruzja 
kłodzko-złotostocka; X IV  — granitoidy Zulovej; X V  — depresja północnosudecka;

X VI —■ depresja śródsudecka
Fig. 1. Main structural elem ents o f the Sudetes mountains (exclusive of the geological 
structure in the Fore-Sudetdc Block, NE of the Sudetic Border Fault). 1 — Archaean  
rocks; 2 — Pre-Cam brian and older Palaeozoic rocks; 3 — Palaeozoic rocks; 4 —  
Variscan granitoids; 5 — Late Palaeozoic and Mesozoic rocks; 6 — Sampled areas; 
7 — Main dislocations; I — Gneiss block of the Góry Sow ie mts.; II — Karkono­
sze—Góry Izerskie block; III — Metamorphic com plex of Lądek—-Snieżnik; IV —  
M etamorphic com plex of Góry Bystrzyckie and Góry Orlickie; V  — M etamorphic 
com plex of E Karkonosze mts.; VI — Metamorphic com plex of Kłodzko; VII — 
Caledonides o f th e  Góry Kaczawskiie; VIII — E ast Sudetic region; IX  — Bardo 
region; X  — Świebodzice depression; X I — Granitoids of Kudowa; X II — Granitoids 
of Karkonosze; X III — Kłodzko-Złoty Stok intrusion; X IV  — Zulova granitoids;

X V  — North Sudetic Depression; X VI — Inner Sudetic Depression
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al., 1964). Certain Carboniferous rocks are included, and a comparison 
of these m easurements together w ith results from the Czech p art of the 
basin have been compared w ith  the results from rocks of the same age 
on the Bohemian Massif ( B i r k e n m a j e r ,  K r s ,  N a i r n ,  1968). 
The authors are deeply indebted to the Director of the Lower Silesian 
branch of the Geological Survey, Dr L. S a w i c k i ,  for facilities readily 
made available.

OUTLINE OF GEOLOGY

a) U p p e r  C a r b o n i f e r o u s  a n d  L o w e r  P e r m i a n  
o f  t h e  I n n e r  S u d e t i c  D e p r e s s i o n

The Inner Sudetic Depression (or Basin) has an elongated synclinal 
form. It is bordered by  crystalline massifs save only  in  the south-west 
w here there is tectonic contact w ith  the Perm ian to Mesozoic fill of the 
Hronov Graben. The south-east and north-w est margins of the Depres­
sion are formed by the crystalline rocks of the Góry Orlickie, Góry By­
strzyckie and Kłodzko massifs, and the Karkonosze-Góry Izerskie massifs 
respectively. The north-east flank is formed by the Caledonides of the 
Góry Kacza wskie and the  gneiss of the Góry Sowie m ountains (Figs. 1, 2).

The Inner Sudetic Depression is a Variscan structure, accentuated 
by  bordering faults which generally parallel the Elbe line and which 
were reactivated in younger geological times. Tertiary  orogenic move­
ments resulted in a dom inantly Saxonian type tectonic structure.

Since the Visean, and possibly even w ithin the Tournaisian, the De­
pression was an area of deposition in which accumulated locally derived, 
predom inantly fresh-w ater sediments, throughout the Upper Carbonifero­
us to Perm ian into Lower Triassic (Bunter) times. The youngest sediments 
found, excluding Q uaternary  and some problematic (?Tertiary) deposits, 
are  marine Upper Cretaceous beds. The Inner Sudetic Basin was initiated 
as a result of late Bretonie movements, and according to the conclusions 
of recent studies (cf. D z i e d z i c ,  1966; A u g u s t y n i a k  and G r o ­
c h o l s k i ,  1967), was not influenced by movements of the Sudetic Phase. 
The Erzgebirge and Asturic phases w ere im portant and repeated earth  
movements assigned to the la tte r occurred a t intervals from  W estphalian 
B times through the Stephanian. F u rthe r distinctive movements during 
the Lower Perm ian (Rotliegende) are assigned to the Saalic Phase.

The more im portant stages in the tectonic history of the basin were 
accompanied by volcanic activity, the earliest bu t not very  marked 
activ ity  occurred in Lower Carboniferous: Tournaisian-Visean (A. K. 
T e i s s e y r e ,  1966). Im portant volcanism accompanied the Asturic mo­
vements, bu t the greatest volcanic activity occurred in the Middle Rot­
liegende. i

The tectonic instability of the area is reflected in the character of the 
deposits, most formations begin w ith a coarse often conglomeratic unit 
and there is m arked lithological variation both laterally  and vertically. 
There are in consequence many difficulties in stratigraphic correlation. 
Table 1 presents the currently  accepted correlation for the Polish and 
Czech parts of the basin ( A u g u s t y n i a k ,  G r o c h o l s k i ,  1967; H o- 
l u b ,  1961; T a s l e r ,  1966) compared against the  older established suc­
cessions found in B r i n k m a n n  (1954) and D o r n  (1966).
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T a b l e  1
Stratigraphic column of the Upper Carboniferous and Low er Permian deposits in 
the Inner Sudetic Depression after A u g u s t y n i a k  and G r o c h o l s k i  (1967) 
and T a s l e r  (1966). The older columns of B r i n k m a n n  (1954) and D o r n

(1966) are given for comparison
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The Upper Carboniferous stratigraphic schemes are based on macro­
floras, supplemented by information from the microflora. The lowest unit 
the Wałbrzych Formation, up to 325 m thick, is developed in two local 
basins (the Wałbrzych and Wolibórz basins). The basal part, mainly silt- 
stones and claystones, represents a gradual transition from the under­
lying Visean beds. Higher in the sequence a quartz conglomerate horizon 
occurs which pass upwards into siltstones and claystones w ith  numerous 
coal seams. The conglomerate is the base of a new sedim entary cycle 
which, according to D z i e d z i c  (1966), is related to climatic change. 
The age of the W ałbrzych Formation is N am urian A.

The Biały Kamień Formation, represented by coarse clastics, is trans­
gressive, and separated from the Wałbrzych Formation by a local uncon­
formity. The formation is best developed in the northern  part of the 
Inner Sudetic Depression, where it reaches a maximum  thickness of 
350 m. In the south-eastern part of the Depression, the Biały Kamień
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Fig. 2. Szk ic  geologiczny po lsk ie j częśai d ep re s j i  ś ródsudeck ie j .  1 — gne jsy  Gór Sow ich, p re k a m b r ;  l a  — m ylonity  
i k a ta k la z y ty ;  2 — kom pleks  m e tam orficzny  w schod n ich  K arkonoszy ; 3 — kom pleks  m e tam o rf iczn y  k łodzki; 4 — g ab ra  
i d iabazy  w a łu  kłodzkiego; 5 — osady  paleozoiczne s t ru k tu r y  b a rd zk ie j;  6 — osady gó rnodew ońsk ie  i do lnoka rboń sk ie  
d ep re s ji  Świebodzic; 7 — gran ito id y  K arko noszy  i K udow y; 8 — osady do lnokarbońsk ie ; 9 — o sady  gó rn o k a rb o ń sk ie ,  
10 — m łodopaleozoiczne ska ły  w u lk an iczn e  n ie  okreś lonego  bliżej w iek u  (ka rb on  lub  do lny perm ); 11 —• ska ły  w u lk a ­
n iczne g ó rn o k a rb o ń sk ie  (głównie porfiry); 12 — osady d o lnope rm sk ie  (czerw ony spągowiec); 13 — skały  w u lk an iczn e  
do lno pe rm sk ie  (m elaf iry , po rf iry ,  tu fy  itd .) ; 14 — osady g ó rn operm sk ie  (cechsztyn): 15 —• osady mezozoiczne (trias 
i k reda) ;  16 — usk ok i s tw ierdzone  i p rzypuszczalne; 18 — m ie jsca  po b ran ia  p rób  (liczby ja k  w  tab. 5). S k a ły  kenozoiczne

pom inię to

Fig. 2. G eological ske tch  m ap  of the  Po lish  p a r t  of th e  In n e r  S udetic  D epression. 1 — G neisses of th e  G óry  Sowie, 
P re -C a m b r ia n ;  l a  — M ylonites and  ca tac las i tes ; 2 — M etam o rp h ic  com plex of th e  ea s te rn  K arkonosze  m ts.; 3 — M eta ­
m orph ic  com plex  of Kłodzko; 4 — G abbros a n d  diabases of th e  K łodzko R idge; 5 — Palaeozoic  sed im en ts  of th e  B ard o  
region; 6 — U p p er  D evon ian  a n d  L o w er C arbon ife ro us  sed im en ts  of th e  Świebodzice D epression ; 7 — G ran ito id s  of 
K arko nosze  an d  K u d o w a; 8 — L o w er  C arbon ife rou s  sed im ents; 9 — U p p er  C arbon ife rous  sed im en ts ; 10 — L a te  Palaeozoic  
vo lcan ites  of u n k n o w n  age (C arbon ife rous  or L ow er Perm ian ) ;  11 — U p p er  C arbon ife rous  vo lcan ites  (m ain ly  porphyr ies) ; 
12 — L o w er P e rm ia n  (Rotliegende) sed im en ts ; 13 L o w er P e rm ia n  vo lcan ites  (m elaphyres, po rph y r ie s ,  tu f fs  etc.); 14 — 
U p per  P e rm ia n  (Zechstein) sed im en ts ;  15 — Mesozoic (Triassic  and  C retaceous) sed im en ts; 16 — F a u lts  recognized  and  
supposed ; 17 — Geological b o u an d a r ie s  recognized  an d  supposed ; 18 — S am p lin g  locali ties  (s ite  n u m b e rs  r e fe r

to Tab. 5). Post-Mesozoic rocks not marked
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Form ation in its type development is lacking, bu t some authors regard 
as its equivalent the Nowa Ruda Formation, a sequence of sedim entary 
breccias and regoliths, passing upwards into kaolinitic shales and siderite- 
-bearing siltstones. According to D z i e d z i c  (1966), deposition of the 
Nowa Ruda Formation began in the Lower Carboniferous. A N am urian C 
to lower W estphalian A age is generally accepted for the Biały Kamień 
Formation.

The Biały Kamień Form ation gradually  passes upwards to the Zacier 
Formation. In north-eastern  part of the Depression the age of the  Żacler 
Formation (up to 900 m thick) is regarded as W estphalian A and B, while 
in the south-w estern part of the Depression it also includes W estphalian C. 
The lower part of the formation consists mainly of sandstones and silt­
stones w ith coal seams. In the upper p art of the formation sandstones 
and conglomerates dominate.

On the north-eastern  flank of the Inner Sudetic Depression the Glinik 
Formation, 100— 600 m thick, form erly known as the „Ottweiler Schich- 
ten ”, is transgressive over the Żacler, and locally over the W ałbrzych 
Formation. It has a W estphalian C — Lower Stephanian age ( G r o c h o l ­
s k i ,  1965) and w ith a succession of conglomerates and sandstones 
alternating w ith red siltstones is lithologically distinct from the under­
lying Żacler Formation.

Three sedim entary cycles can be recognized in the W estphalian beds 
corresponding roughly to the W estphalian A, B, and C. The middle 
(W estphalian B) and upper (Westphalian C) cycles begin w ith  conglo­
merates, the la tte r being particularly  well developed over the whole 
of the Inner Sudetic Depression. Volcanic m aterial is present in the 
middle and upper cycles in the south-w estern (Czech) part of the basin, 
b u t only in the upper cycle (Glinik Formation) in the Polish part of the 
Depression. The m axim um  volcanic activity occurred in W estphalian C 
( H o l u b ,  1961).

The Glinik Form ation is overlain by conglomerates passing upwards 
into sandstones, which in tu rn  give way to siltstones and claystones, 
form erly known as the „first sedim entary cycle of the Rotliegende” . The 
argillaceous horizon, known as the „1st Anthracosia shale horizon”, 
contains spore assemblages typical for the Stephanian, as well fresh- 
-w ater pelecypod Anthraconaia prolifera (Wat.) of the same age (T. G ó- 
r e c k a  and K.  A u g u s t y n i a k ,  pers. comm.). This formation, younger 
than the Glinik Form ation and older than  the Rotliegende proper, has 
been renam ed the Ludwikowice Formation ( A u g u s t y n i a k ,  G r o ­
c h o l s k i ,  1967).

In the southern p a r t of the Inner Sudetic Depression a break in 
deposition is recognized at the boundary of W estphalian C and D. The 
Stephanian is represented by the Odolov Formation, which is subdivided 
into the lower Svatohovice Member, and the upper Jivka Member. Both 
members begin w ith coarse sandstones, occasionally even conglomerates, 
and differ from the underlying Żacler Formation. These differences have 
been a ttribu ted  to climatic change and to the appearance of new sources 
of clastic m aterial as the result of Asturic movements, although tectonic 
instability alone seems an. adequate cause.

The Svatonovice M ember represents the W estphalian D and Lower 
Stephanian, on the basis of palaeobotanic studies of the coals from 
Z. Nejedly pit. The Radvanice coals of the Jivka Member are compared
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on floral grounds w ith the Kounov coals of Central Bohemia, and repres­
ent the Stephanian B and part of Stephanian C. A sedim entary break 
w ith erosion of the top p art of the Jivka Member has been recognized 
in the uppermost part of the S tephanian (T a s l e r ,  1966).

The Rotliegende of the Polish part of the In tra  Sudetic Depression 
is up to 1,800 m thick and shows the characteristics of cyclic molasse 
sedimentation ( D z i e d z i c ,  1961). It is separated by an unconformity 
from the underlying Carboniferous. The sedim entary cycles usually  s ta rt 
w ith conglomerates (fanglomerates) and grade upw ards into sandstones 
and shales. Three cycles have been recognized, and assigned to the 
Lower, Middle, and Upper Rotliegende respectively. A complex of 
effusive acid and basic volcanics appear a t the close of the second cycle 
( D z i e d z i c ,  1961; K o z ł o w s k i ,  1963). P rior to the recognition of the 
Ludwiko wice Formation, this was regarded as the th ird  cycle.

Two stratigraphic members, both starting w ith  conglomerates and 
grading upwards into finer deposits w ith limestone horizons are recogniz­
ed in the Czech p art of the Inner Sudetic Depression. The lower Verne- 
rovice Member contains a th in  coal seam with „Walchia”. The upper 
Beckov Member contains a limestone horizon near the top. Both members 
belong to the Lower Rotliegende. The Middle Rotliegende is represented 
by  the Broumov Forma|tion which contains tuffs and lava sheets of 
porphyry and melaphyre. The Trutnov Form ation represents the Upper 
Rotliegendes. In the Polish p art of the Depression its equivalents are 
the fanglomerates of Radków and Mieroszów.

b) U p p e r  C a r b o n i f e r o u s  a n d  L o w e r  P e r m i a n  
o f  t h e  N o r t h  S u d e t i c  D e p r e s s i o n

The sediments in the N orth Sudetic Depression rest on a substratum  
of epimetamorphic schists of the Góry Kaczawskie mountains, West 
Sudetes (Figures 1, 3). The borders of the Depression are m ainly tectonic, 
and its prolongation to the north  west is concealed under Cenozoic 
sediments. The older formations of the Depression are Upper Carboni­
ferous (S part) and Rotliegende (N part), the younger formations being 
represented by the Zechstein, the Bunter, the Muschelkalk and Upper 
Cretaceous deposits.

The Upper Carboniferous deposits are poorly known from scanty 
outcrops and from  boreholes. The W estphalian B, more than  100 m thick, 
recognized only in boreholes in an area close to the Polish-Germ an fron­
tiers (Nysa Łużycka river), is represented by siltstones w ith  sandstone 
and conglomerate intercalations and by porphyry  lavas and tuffs 
( H i r s c h m a n n ,  1959). The lack of the W estphalian C deposits is 
apparently  the resu lt of Asturic uplift. The W estphalian D and Stephanian 
sequence, up to 300 m thick ( M i l e w i c z ,  G ó r e c k a ,  1965), starts 
w ith regolithic breccias overlain by alternating conglomerates, arkosic 
sandstones, and generally brown-red and grey siltstones and claystones 
( M i l e w i c z ,  1967). Four sedim entary cycles have been recognized here, 
and these can be correlated w ith the cycles found in the Central Bohe­
mian Upper Carboniferous. Porphyry  sills probably Stephanian in age 
occur in the deposits of the upper cycle.

The Perm ian is represented by continental deposits of the  Rotlie­
gende and by the predom inantly marine Zechstein. The Rotliegende 
deposits are especially well known in the eastern part of the Depression.
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Here three sedim entary cycles m ay be recognized ( M i l e w i c z ,  1966) 
in a succession 500—1000 m  thick. The first cycle, of 170— 340 m, consists 
m ainly of fine sandstones and siltstones, coarser beds being infrequent 
and thin. The second cycle, 200—400 m thick, is lithologically more 
variable: w ith sandstones dominating over siltstones, and w ith  conglo­
m erates infrequent in the lower p a r t of the cycle, bu t more common in 
its upper part. The eruptive complex attributed  to the second cycle is 
represented by porphyries and porphyry tuffs in the eastern p art of the 
Depression and by melaphyres and melaphyre tuffs in the central part 
of the Depression. A break in sedimentation and erosion of the underlying 
deposits is recognized a t the base of the th ird  cycle, the result of the 
Saalic uplift. The th ird  cycle, 200—500 m thick, consists almost entirely 
of fine conglomerates (fanglomerates), grading upwards into coarse sand­
stones.

LOWER PERM IAN VOLCANIC AND SEDIMENTARY  
ROCKS OF THE NORTH SUDETIC DEPRESSION

D e s c r i p t i o n  o f  L o c a l i t i e s

P ł ó c z k i  G ó r n e  
(Fig. 4a, Tab. 5: Sites 1—3)

Three melaphyre lava flows are exposed at Płóczki Górne in the  Wleń 
Graben. The lower part of the lava flows consists of basal breccia 1—3 m 
in thickness. I t is made up of fragm ents and blocks of vesicular and am yg- 
daloidal red melaphyre, and of red  sandstone blocks up to 1 m  in diameter. 
The main lava flow above the breccia is 15— 18 m  thick and consists of 
red-brown, massive, transversally  jointed m elaphyre in the lower part, 
and vesicular and amygdaloidal melaphyre in the upper 3— 5 m.

Below the first flow there occur red  sandstones and quartz conglo­
m erates of the Rotliegende, dipping 95° NNE 30°. The dip of the lava 
flows is conformable w ith  the dip of the underlying sediments.

The oriented samples w ere collected from the massive m elaphyre 
of the first and second flows and from the vesicular region in the upper 
p a r t of the th ird  flow.

P ł a w n a  G ó r n a  
(Fig. 4b, Tab. ,5: Sites 4, 5)

The exposures at P ław na Górna also belong to the Wleń Graben. In 
a railroad cutting three melaphyre flows dipping ENE are displaced by 
a fault. The first flow is poorly exposed w ith  only its upper part access­
ible. In appearance i t  is a violet-red massive melaphyre passing upwards 
into amygdaloidal melaphyre. The second flow, about 27 m thick, dips 
about 45° tow ards the ENE. It has a basal breccia about 10 m  thick in 
which are blocks of violet-red vesicular and amygdaloidal melaphyre, 
0.1—1.5 m  in diameter, as well as fragm ents of brick-red sandstones and 
quartz pebbles, 2—5 cm in diameter. Upon this rests massive violet-red 
melaphyre. It is traversed by joints, both parallel and transverse to the 
basal plane, as well as by  calcite veins. The top part of the flow, 4 m 
thick, to the NE of the fault, dips 170° ENE 30°. It has a similar colour 
and is vesicular and amygdaloidal. The th ird  lava flow more than  26 m 
thick, again has a basal breccia, 0.5—2 m  thick, consisting of fragm ents 
of violet-red amygdaloidal m elaphyre blocks, 0.3— 1 m in diameter, above
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which there is some 17 m of massive melaphyre, similar in colour to the 
bottom  breccia, w ith  therm al joints parallel and transverse to the flow 
bottom. The top 7 m of the flow is vesicular and amygdaloidal melaphyre.

Oriented samples were collected from the massive zone in the second 
and th ird  flows.

P ł a w n a  Ś r e d n i a  
(Fig. 4c, Tab. 5: S ite 6)

The exposures at P ław na Średnia lie in the Lwówek Graben. Two 
m elaphyre lava flows are recognized in an outcrop at the right bank of 
the Srebrna river, NE of the church. The firs t flow is represented by the 
upper 2 m of a green melaphyre. The second flow has a basal breccia 
4— 5 m thick, consisting of blocks 0.1— 1 m in diam eter of vesicular and 
amygdaloidal melaphyre, violet, violet-red in colour, and of red  sand­
stone blocks 5— 10 cm in diameter. The massive violet-red, brown, or green 
m elaphyre of which 10 m is exposed, dips 130° SW 30°. It shows brec- 
ciation and jasper-like veins in the lower part, and is more massive in 
the upper part.

The samples for palaeomagnetic measurements were taken from the 
massive zone of the second lava flow.

P ł a w n a  D o l n a - I  
(Fig. 4d)

Near a railw ay cutting, W of point 301 m, two melaphyre lava flows 
crop out. Of the lower flow only the upper 2—3 m is exposed. It is com­
posed of weathered massive violet-red melaphyre, which passes into 
vesicular and amygdaloidal melaphyre. The second flow has a 3—5 m 
basal breccia consisting of vesicular and amygdaloidal melaphyre blocks 
passing up into massive w eathered melaphyre of which 10 m is exposed. 
The lava flows lie in a syncline, as indicated by opposite dips of the 
contact surface of the flows: 80° SSE 8° in the northern, and 60° NW 10° 
in the southern part of the outcrop.

Samples were collected from the upper part of the first flow. The 
results are omitted from Table 5 because of the exceedingly scattered 
nature of the results. This may be an effect of strong weathering.
^----------------------------------------------------------------------------

Fig. 3. Struktura geologiczna Gór Kaczawskich (depresja północnosudecka). 1 — osa­
dy kredowe i triasowe; 2 — osady górnopermskie (cechsztyńskie); 3 — osady dolno- 
perm skie (czerwony spągow iec); 4 — skały w ulkaniczne dolnoperm skie (stanowiska 
1— 11) i górnokarbońskie ? (stanowisko 16); 5 — osady górnokarbońskie (w estfal 
D -stefan); 6 — osady dolnokarbońskie (w depresji śródsudeckiej); 7 — w aryscyjski 
granit Karkonoszy; 8 — kompleks m etam orficzny Gór Kaczawskich (starszy pa- 
leozoik-prekambr); 9 — kom pleks m etam orficzny Gór Izerskich (prekambr); 10 — 
głów ne dyslokacje; 11 — m iejsca pobrania prób (liczby jak w  tab. 5) Skały keno-

zoiczne pominięto
Fig. 3. Geological structure o f the Góry Kaczawskie (North Sudetic Depression).
I — Cretaceous and Triassic sediments; 2 — Upper Permian (Zechstein) sedim ents; 
3 — Lower Perm ian (Rotliegende) sedim ents; 4 — Lower Perm ian (Sites 1— 11) 
and ?Upper Carboniferous (Site 16) volcanic rocks; 5 — Upper Carboniferous 
(W estphalian D —  Stephanian) sediments; 6 — Lower Carboniferous sedim ents 
(Inner Sudetic Depression); 7 — Variscan granite of Karkonosze; 8 — Metamorphic 
com plex of the Góry Kaczawskie (older Palaeozoic — Pre-Cambrian); 9 — Meita- 
morphic com plex of the Góry Izerskie (Pre-Cambrian); 10 — Main dislocations;
II — Sam pling localities (site numbers correspond to Tab. 5). Post-M esozoic rocks

not marked
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P ł a w n a  D o l n a - I I  
(Tab. 5: S ite  7)

In an outcrop near the railw ay station at P ław na Dolna there occur 
rocks regarded by M i l e w i c z  (1965) as belonging to the „th ird  mela­
phyre complex” of the Rotliegende. We found here fine-grained sand­
stones w ith  mica, indurated  by iron oxides, sometimes forming a hard, 
massive rock, superficially resembling melaphyre. It seems probable th a t 
ferric oxide solutions th a t  indurated the sandstone were related to post- 
-magmatic solutions. The altered sandstones dip 90° N 15°.

Between M a r c z ó w  and Z a d o 1 e east of P ław na Dolna the 
same „third  melaphyre complex” of Milewicz is poorly exposed and 
represented by fine-grained sandstones of similar type as those a t P ław ­
na Dolna-II. No samples were taken for palaeomagnetic measurements.

Similar rocks crop out also at G o r c z y c a ,  on the righ t bank of the 
Bóbr river in the eastern part of the Lwówek Graben. The samples taken 
from  grey or variegated hard  siltstones dipping 20° WNW 30° gave ne­
gative results.
B e ł c z y n a
(Fig. 5a, Tab. 5: (Site /8)

Two m elaphyre lava flows are exposed in a road cutting between 
Bełczyna and Wleń, W of Bełczyna. The lower flow has the usual basal 
breccia, 0.5—1.5 m in thickness, succeeded by about 9— 10 m of massive, 
then vesicular and amygdaloidal m elaphyre in succession. The second 
flow is represented by a 1 m basal breccia only.

The substratum  of the first flow is represented by  hard, cleaved 
sandstones, red and violet-red dipping 90° N 45°, resembling those of 
Pław na Dolna-II. The lava flows are tilted in the  same direction as the 
sandstones.

The samples w ere collected from the first flow, from both the lower, 
massive melaphyre zone and the upper vesicular part.

S o k o  ł o w i e c  
(Fig. 5b, Tab. 5: S ite 9)

The exposure in an old quarry  face 8—10 m high exposes rocks of 
the Rotliegende. Hard, grey or greenish fine-grained sandstones appear 
in the lower part of the exposure. They are irregularly  jointed, and show 
traces of large-scale cross bedding. The sandstones contain some mica 
and carbonized plant detritus, and small bioglyphs m ay be encountered 
on bed surfaces. The dip of the rocks is 20° WNW 10°. In the upper part 
of the exposure the sandstones are harder still, they  are bluish, wea­
thering to yellowish colour. Bedding disappears and a vertical joint
<---------------------------------------------------------------------------

Fig. 4. Schem atyczne profile geologiczne odsłonięć dolnopermskich law  m elafiro- 
w ych w  depresji północnosudeckiej (skala przybliżona): a — Płóczki Górne; b — 
Pław na Górna; c — Pławina Średnia; d — P ław na Dolna I; 1 — m elafir gąbczasty
i m igdałowcowy; 12 — m elafir  m asyw ny; 3 — brekcja spągowa; 4 — piaskow ce i zle­
pieńce (czerwony spągowiec); 5 — m elafir zbrekcjowany tektonicznie; 6 — uskok
Fig. 4. Schem atic geological sections o f th e Low er Perm ian (Rotliegende) m elaphyre  
lava flow s of the North Sudetic Depression (scale approximate): a — Płóczki Górne; 
b — Pławna Górna; c — Pław na Średnia; d — Pław na Dolna I; 1 — Vesicular and 
am ygdaloidal m elaphyre; 2 — M assive m elaphyre; 3 — Bottom breccia; 4 — Sand­
stones and conglomerates (Rotliegende); 5 — Tectonically brecciated melaphyre;

6 — Fault
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system is developed which resembles tha t of the melaphyre lava flows. 
It seems possible tha t the sandstone m ay have formed the substratum  
of the melaphyre lava flow exposed nearby (see Rawka mount), and was 
altered by ferruginous solutions connected w ith volcanic activity.

The samples for palaeomagnetic work were taken from the upper 
p art of the exposure.

W

o 5 mmJ C 20 m

Pig. 5. Schem atyczne profile geologiczne odsłonięć dolnopermskich law  m elafiro- 
w ych, zm ienionych osadów  i w ylew nego porfiru w  depresji północnosudeckiej (skala 
przybliżona): a — Bełczyna; b — Sokołowiec; c — góra Rawka (Rząśnik); d — W ie- 
lisław  Złotoryjski (porfir); e — W ielisław  Złotoryjski, struktury flu idalne w  por­

firze. (Objaśnienia oznaczeń do fig. 5 a—c — jak na fig. 4)
Fig. 5. Schem atic geological sections of the Lower Perm ian (Rotliegende) m elaphyre 
lava flow s, altered sedim ents and effusive porphyry of the North Sudetic Depression  
(scale approximate): a — Bełczyna; b — Sokołowiec; c — Rawka mt. (Rząśnik); 
d — W ielisław  Złotoryjski (porphyry); e — W ielisław  Złotoryjski, detail of flow  

structures in the porphyry. (For explanations to Figs. 5 a—c — see Fig. 4)

R a w k a  M o u n t  ( R z ą ś n i k )
(Fig. 5c, Tab. 5: S ite 10)

At Rawka m ount (427 m), near Rząśnik village, samples were collected 
from green amygdaloidal and vesicular m elaphyre exposed in the old, 
western, quarry. In the old, eastern, quarry  the contact zone of mela­
phyre flow and the underlying Rotliegende sediments (Fig. 5c) is exposed. 
The sandstone is of the same type as tha t at Sokołowiec, i. e., altered 
black or bluish sandstone, dipping 70° NW 20°. The lava flow only 
locally begins w ith a basal breccia (up to 2 m thick), and the main body 
is represented by massive reddish or greenish melaphyre. When the 
massive melaphyre comes directly into contact with the underlying sand­
stone, it becomes vesicular.

W i e l i s ł a w  Z ł o t o r y j s k i  
(Figs. 5d, e, Tab. 5: S ite 11)

In a big old quarry  situated at the right bank of the Kaczawa river 
close to Wielisław Złotoryjski, an extrusive porphyry has columnar 
jointing arranged in a fan-like form, normal to the surfaces of successive
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lava flows. Thin zones of vesicular porphyry, sometimes only 5— 20 cm 
thick, are present in the top parts of the individual lava flows, and fine 
fluidal lava folds are visible (Fig. 5e). The overturn  of the  folds indicates 
the direction of lava motion towards the N or NNW (azimuths 345°, 330°, 
320°, 0°). Occasionally larger flow structures appear, w ith  fold amplitudes 
up to 0.5— 1 m.

Oriented samples were collected in the central, and lower part of 
the quarry.

R e m a r k s

The m elaphyre lava flows belong to a single effusive complex. This 
is consistent w ith  the palaeomagnetic measurements (Tab. 5). Locally 
they  may split into subordinate complexes separated by clastic sediments 
as shown by M i l e w i c z  (1965, Fig. 1). The m axim um  num ber of lava 
flows at a single outcrop never exceeds three. The flows vary  in thickness 
from 11 to 27 m, w ith  the lowest lava flows usually th inner than  the 
upper ones. Nearly all the lava flows have a basal breccia made up of 
vesicular and amygdaloidal melaphyre blocks often w ith  an adm ixture 
of Rotliegende sandstone fragments. The higher part of the flows usually 
consist of massive columnar jointed melaphyre, w ith  the joints mostly

T a b l e  2
D and I values for the Lower Perm ian m elaphyre and porphyry lavas  

and altered sedim ents of the North Sudetic Depression
(cf. Tab. 5)

Site No. D I

Płóczki 1 F low 1 196 - 1 8

Górne 2 Flow 2 196 - 1 4

3 Flow 3 206 - 7 V

Pławna (1 Flow) — — —

Górna 2 Flow 4 193 - 3 6

3 Flow 5 200 —29

Pław na (1 Flow) — — —

Średnia 2 F low 6 196 - 2 5

Bełczyna 1 F low 8 214 - 6
(2 Flow) — — —

Mt. Rawka 1 Flow 10 200 + 4

Pławna
D olna-II sedim ent 7 180 +  10

Sokołowiec sedim ent 9 199 +  0.5

W ielisław  
Złotoryj ski

porphyry 11 200 + 2 8

4 Rocznik PTG t. XXXVIII, z. 4
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transverse, bu t occasionally also parallel to the surface of the flow. The 
top part of the flow is usually represented by vesicular and amygdaloidal 
melaphyre, originally a scoriaceous lava. The structure  of the lava flows 
strongly resembles tha t recognized in the Lower Perm ian  melaphyre 
lavas of the Kraków District ( B i r k e n m a j e r ,  N a i r n ,  1964). The 
presence of scoriaceous lava in most cases imm ediately below the basal 
breccia of the successive flow points to short-tim e intervals between 
the subsequent flows, when neither stronger erosion, nor clastic sedi­
m entation intervened. As a result, conformable lava sheets were formed.

The lowest lava flow in most cases rests conformably upon the sand­
stones and conglomerates of the Rotliegende. Only locally the top surface 
of the underlying clastics shows signs of bottom erosion caused by moving 
lava.

The sandstones of Rotliegende underlying the lava flows sometimes 
show alteration zones up to 10 m thick, presum ably caused by infiltrating 
iron oxide solutions, where the sandstones are indurated, their original 
red  colouration being changed to grey, blue or black. F urther alteration

a
b

o c
A d

- I
ItO 30 20 20 30 HO

Fig. 6. Zmiany w  deklinacji i inklinacji m agnetycznej w  czasie dolnego permu, 
w  oparciu o pomiary m agnetyzm u szczątkowego skał depresji północnosudeckiej 
i  następstw o zjaw isk wulkanicznych depresji śródsudeckiej (por. tab. 4). Liczby  
oznaczają m iejsca pobrania prób (por. tab. 5). a — porfir; b — m elafir; c — prze­
obrażone skały osadowe (a—c — depresja północnosudecka); d — „m elafir” (doleryt,

spilit itd.) i porfir w  depresji śródsudeckiej 
Fig. 6. Sequential changes in declination and inclination during the Low er Permian, 
based on m easurem ents on rocks from the North Sudetic Depression, and the 
volcanic succession of th e  Inner Sudetic Depression (cf. Tab. 4). S ite numbers as 
in Tab. 5. a — Porphyry; b — Melaphyre; c — Altered sedim ent (a—c — North  
Sudetic Depression); d — „M elaphyre” (dolerite, spilite etc.) and porphyry, Inner

Sudetic Depression
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results in the acquisition of a system of jointing much resembling th a t 
of the transverse jointing in the m elaphyre lava flows. It seems probable 
th a t the above alterations post-dated the lava effusions. These altered 
rocks bear a striking resemblance to the buchites described by S p r y  
and S o l o m o n  (1964).

Similar altered clastic rocks at P law na Dolna-II, Marczów-Zadole and 
Gorczyca are regarded as younger than  the effusive complex dealt w ith 
in the present paper.

The acid volcanism represented by porphyry extrusions at Wielisław 
Złotoryj ski seems to be younger than  m elaphyre extrusions, and coeval 
w ith the therm al alterations of the sandstones.

Figure 6 shows grouping of Lower Perm ian sites of the North Sudetic 
Depression in apparent stratigraphic order. The melaphyre lavas have 
declinations between 193° and 214° w ith  progressively lower inclination 
values, whilst the altered sediments of Rotliegende have declinations 
delimited by D =  180° and 199°. There is considerable variation in the 
inclination values, the flows in general w ith negative inclinations and 
the sediments and the porphyry w ith positive values.

Taking into account the succession of m elaphyre lavas as based on 
the  combination of stratigraphic and palaeomagnetic data (Tabs. 2, 4), 
and the geographical position of the lava flow sites of the North Sudetic 
Depression, it appears th a t the oldest m elaphyre extrusions are in the 
southwest part of the Depression (Fig. 3, Tab. 3), at P ław na Górna 
(Sites 4, 5), a minimum three flows. The centres of effusion then  m igrated

T a b l e  3
Supposed stratigraphical succession of Dower Permian m elaphyre lava flow s

o f the North Sudetic Depression
I

Porphyry
extrusions

+
A l te r a t i o n s  
in the  
sediments

-

Melaphyre
extrusions

10. Mt fawtci ] / ri e( 1 Flow >6m

8- B e h y n a  _((j
, 1 . (  2 Flow  >l5m 

l-S P toczk l  1 2 F lo w c 20m 
Corn e  ( 1 F lo w  C.l7m 

l & a w n a  < 2 Flow y 15 m

V  -  -  -  -Gornct \ ( i r i ew) >2/n

1 Clastic
sediments

n o t  exposed b^ low  the lava f lows _^  ^  e t p c r ? 0 / £l/ovv the la v a  f lows m

farther N (NE) to P ław na Średnia (Site 6) — minimum two lava flows, 
and reappeared in the southwest zone at Płóczki Górne (Sites 1— 3) — 
three lava flows. The youngest melaphyre lavas were extruded in the 
central part of the Depression at Bełczyna (Site 8), two lava flows, and 
at Rawka mt. (Site 10), one (?) lava flow. The strongest volcanic activity 
was centered in the southwest part of the North Sudetic Depression, 
w here altogether six lava flows have been recognized (Pławna Górna +  
Płóczki Górne), the lava flows are here thickest (up to 27 m), w ith  the

4*
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total thickness of the lava sheet exceeding 100 m. This m ay point to the 
proxim ity of a deep fracture in the substratum  tha t served as the feeder 
for the m elaphyre lava-sheet volcanoes.

LOWER PERMIAN VOLCANIC AND SEDIMENTARY ROCKS OF THE INNER
SUDETIC DEPRESSION

D e s c r i p t i o n  o f  L o c a l i t i e s
Ś w i e r k i - I
(Figs. 7 a, b, 8 a—c, Tab. 5: Site 12)

In the new quarry  at Świerki peculiar Lower Perm ian rocks deter­
mined as m elaphyres ( K o z ł o w s k i ,  1958) or as quartz  dolerites and 
spilites ( D z i e d z i c o w a ,  1958) crop out. K o z ł o w s k i  regarded them  
to be extrusive melaphyre lavas which strongly disturbed plastic clays 
(now shales) of the Rotliegende, so tha t baked sediments arranged in 
diapir-like structures often came to the contact w ith  top surface of the 
lava body. P a rt of the lava then cooled under a thin cover of the displaced 
bottom sediments, and gave rise to the formation of „subvolcanic bodies” 
( K o z ł o w s k i ,  1963).

According to our observations the rocks have obvious differences when 
compared w ith the extrusive m elaphyres of the North Sudetic Depression. 
N either bottom breccias nor scoriaceous top parts of the lavas, so cha­
racteristic of the melaphyres of the N orth Sudetic Depression, are present 
w ithin the „m elaphyres” at Świerki. The rocks superficially closely re ­
semble those dealt w ith  as the altered sandstones in the N orth Sudetic 
Depression.

The „m elaphyre” at Swierki-I is quarried at five exploitation levels. 
A t the first level there is a fine-grained black, greenish and bluish rock 
w ith vertical jointing, superficially resembling a fine-grained altered 
sandstone (it is the quartz dolerite, D z i e d z i c o w a  1958). Similar 
rocks at the Ilnd, I l lrd  and IVth exploitation levels correspond to  quartz 
dolerite and, in the upper part of the quarry, to the spilite of D z i e ­
d z i c o w a ,  and to melaphyre of K o z ł o w s k i  (1958). The rocks are 
here fine-grained, greenish, sometimes reddish and bluish in colour, w ith 
vertical jointing, as a t the 1st exploitation level. Im m ediately upon the 
„spilite” of the Vth exploitation level there appear (Figure 8a) therm ally 
altered (baked) reddish and whitish shales and, farther from the contact, 
unaltered red and violet shales of the Middle Rotliegende. I t  should 
be noted th a t the basal jointing planes w ithin the quartz dolerite at I llrd  
exploitation level (20° WNW 30—35°) are arranged in a way similar 
to th a t of the bedding planes of the „Bausandstein” underlying the 
„extrusive” rock, where K o z ł o w s k i  (op. cit.) m easured 160° WSW 
15° dips.

Oriented samples were collected from the Ilnd (quartz dolerite), the 
I l lrd  (quartz dolerite), and IVth (spilite) exploitation levels.

In the o l d  q u a r r y  a t  Ś w i e r k  i - I  (Fig. 7a, b), the bottom 
contact of the m elaphyre (quartz dolerite) is exposed w ith  the sedi­
m entary  substratum  formed by therm ally  altered purple or variegated 
shales w ith  yellow limonitic spots (Fig. 8c). The shales are traversed 
by vertical joints in the upper part close to the contact w ith the dolerite; 
the joints disappear quickly downwards. The contact surface of shales 
and dolerite dips 55° NW 12°. The „dolerite” , which superficially re ­
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sembles metasomatic sandstones, shows relics of sedim entary current 
bedding and load casting in the lower part.

In a higher part of the exposure in the old quarry  at Swierki-I we see 
the top surface of the rock („spilite”) dipping ca. 45° towards SW. Ju s t 
above the „spilite” there occurs a th in  band (0.5— 1 cm) of therm ally  
altered violet, black and whitish shale, while unaltered bright red Middle 
Rotliegende clay shales and clays w ith m arl concretions appear higher 
still.

/

V V 3 a * a

a

new quarry old quarry

Fig. 7. a. Odsłonięcia skał dolnopermskich w  Świerkach — depresja śródsudecka  
(budowa geologiczna uproszczona w edług K o z ł o w s k i e g o ,  1958, tabl. III). 1 —  
osady napływ owe; 2 — porowaty porfir kwarcowy; 3 — doleryt-spilit itd. (skały 
intruzyjno-m etasom atyczne, „m elafirow e”); 4 — m elafir w ylew ny; 5 — tuf m ela-  
firowy; 6 — łupki; 7 — piaskowiec „budowlany”: piaskowce i łupki (2—7 — czer­

w ony spągowiec); 8 — uskoki; 9 — m iejsca pobrania próbek  
b. Przekrój geologiczny przez „m elafir” (doleryt kw arcow y-spilit itd.) w  Ś w ier-  
kach-I (według K o z ł o w s k i e g o ,  1958, fig. 12, zmodyfikowane). 1 — łupki; 
2 — intruzyjno-m etasom atyczne ciała „m elafirow e”; 3 — porowaty porfir kwarcow y
Fig. 7. a. Dower Perm ian sites at Św ierki, Inner Sudetic Depression (geological 
features after K o z ł o w s k i ,  1958, PI. I l l ,  simplified). 1 — A lluvial deposits; 2 —  
Porous quartz porphyry; 3 — D olerite-spilite etc. (intrusive-m etasom atic „m ela­
phyre” rocks); 4 — Effusive melaphyre; 5 — M elaphyre tuff; 5 — Shales; 7 —  
„Bausandstein”: sandstones and shales (2—7 — Rotliegende); 8 — Faults; 9 —

Sam pling localities
b. Geological cross-section of „melaphyre” (quartz dolerite-spilite etc.) at Sw ier­
k i-I (after K o z ł o w s k i ,  1958, Fig. 12, modified). 1 — Shales; 2 — Intrusive- 

-m etasom atic bodies of „m elaphyre”; 3 — Porous quartz porphyry
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The melaphyre rocks in question (dolerites and spilites) represent 
intrusions ra ther than  extrusions; part of them  could result from m eta- 
somatic alterations of some clastic sediments (cross-bedded arkoses) of

ENE WSW

NW SB

Fig. 8. a. Intruzyjny kontakt stropowy spilitu  z łupkam i dolnopermskimi w  Sw ier-  
kach-I (nowy kamieniołom) — depresja śródsudecka

b. Intruzyjny kontakt stropowy spilitu z osadami dolnoipermskimi w  Św ierkach-I
(stary kamieniołom) — depresja śródsudecka

c. Intruzyjny kontakt spągowy dolerytu kwarcowego z osadami dolnopermskimi
w  Św ierkach-I (sitary kamieniołom) — depresja śródsudecka 

O b j a ś n i e n i a  o z n a c z e ń :  1 — doleryt-spilit; 2 — przeobrażone łupki; 3 — 
niezm ienione łupki (3a — z konkrecjam i marglistymii); 4 — usypisko

Fig. 8. a. Intrusive top contact o f ithe spilite w ith  th e  Dower Perm ian shales. Św ier-
k i-I (new quarry), Inner Sudetic Depression

b. Intrusive top contact of ispilite w ith  th e Lower Perm ian sedim ents. Sw ierki-I
(old quarry), Inner Sudetic Depression

c. Intrusive bottom cointact of quartz dolerite w ith  th e  Low er Perm ian sedim ents.
Sw ierki-I (old quarry), Inner Sudetic Depression  

E x p l a n a t i o n s :  1 — D olerite-spilite; 2 — A ltered shales; 3 — Unaltered shales
(3a — w ith  marl concretions); 4 — Scree
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the Middle Rotliegende, the metasomatizing solutions being related to 
Lower Perm ian volcanic activity. The intrusive character of the rocks 
(sills or laccoliths) is corroborated by the presence of therm al contacts 
w ith both the underlying and overlying sediments. The lack of typical 
lava structures, i. e. bottom breccias, scoriaceous top surfaces, fluidal 
structures, etc., preclude the possibility of lava sheets.

Ś w i e r k i  - II
W of Świerki village (near point 670 m a.s.l. — Fig. 7 a) a porous 

porphyry (Upper porous porphyry, Ilnd eruptive cycle of K o z ł o w s k i ,  
1958) is poorly exposed. It forms small cliffs, slightly disturbed by down- 
slope gravity  movements. No reliable measurem ents were obtained from 
the oriented samples collected.

A fu rther locality of „porous po rphyry” was recognized by K o z ł o w ­
s k i  at  K r a j a n ó w .  Here tuff-like rocks composed of fragm ents of 
weathered porphyry, of sandstone and red siliceous shales (contact 
shales ?), usually angular, sometimes subrounded, cemented by a m atrix  
resembling reworked porphyry are exposed. These rocks show the pre­
sence of current bedding (azimuth 325°, dips of foresets 40°). P a r t  of the 
rock, more resembling w eathered porphyry, forms a lens, bu t seems to 
be simply a more strongly cemented tuff-like rock. The lens shows the 
presence of joints resembling therm al joints, while some parts of the 
rock are vesicular. The voids however are the result of the w eathering 
out of clastic fragments, and show an orientation parallel to foreset 
laminae (dipping NW 40°, azimuths 310—320°), i.e. in the same direction 
as at the previous site. Typical pyroclastic m aterial is lacking, and the 
„porphyry”, regarded by the authors as w ater-laid reworked volcanic 
deposit, is underlain by a  „m elaphyre” analogous to th a t from Świerki-I 
(„melaphyre of K rajanów ” of K o z ł o w s k i ,  1958).

A typical quartz porphyry was found b e t w e e n  K r a j a n ó w  
a n d  D w o r k i ,  bu t could not be sampled because of inadequate 
exposures.

At D w o r k i  fragm ents of a typical effusive melaphyre, red or 
violet-red, strongly resembling the melaphyres of the North Sudetic 
Depression, were found as a weathering cover („melaphyre of Dworki” 
of K o z ł o w s k i ,  1958, PI. III). According to D z i e d z i c o w a  (1958) 
the rock belongs to the basalt group.

G ł u s z y c a  G ó r n a  
(Figs. 9a, b, Tab. 5: Site 13)

In a working quarry  at Głuszyca Górna there occur rocks determined 
by K o z ł o w s k i  (1958) as melaphyres (rhyobasalts — K o z ł o w s k i ,  
1963), which lithologically resemble the quartz dolerites of Świerki-I (old 
and new quarries). The rocks form two sill-like horizons separated by 
shales which dip 130° SW 30°. The shales are therm ally altered (baked) 
a t the contact w ith the lower „m elaphyre” . According to K o z ł o w s k i  
(1958, p. 25) porous and amygdaloidal structures were present in the 
top part of the upper melaphyre. The small and scattered voids found, 
however, occur not in the melaphyre, but in the altered shales, and may 
have been formed by the dissolving out of m arly concretions (see — old 
quarry  at Świerki-I).

The m elaphyre resembles metasomatized sandstones (as at Świerki-I), 
its geological form is th a t of a sill, and not a lava flow. The samples for
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Fig. 9. a. Odsłonięcia skał dolnopermskich w  Głuszycy Górnej i Łomnicy — de­
presja śródsudecka (budowa geologiczna uproszczona w edług K o z ł o w s k i e g o  
1958, tabl. II). 1 — osady napływowe; 2 — porowaty porfir kwarcow y i tuf porfi­
rowy; 3 — „m elafir” (prawdopodobnie intruzy jno-m etasom atyczny doleryt); 4 — 
zbity porfir skaleniow o-kw arcow y (intruzja ryolitowa); 5 — łupki; 6 — piaskowiec  
„budowlany”: piaskowce i łupki (2—5 — czerwony spągowiec); 7 — m iejsca po­

brania próbek
b. Przekrój geologiczny przez „m elafir” w  Głuszycy Górnej (według K o z ł o w -  
s k i e g o ,  1958, fig. 9, nieco zmodyfikowane). 1 — łupki (z tufem  m elafirow ym );

2 — intruzja „m elafirowa”; 3 — porowaty porfir kwarcow y



palaeomagnetic measurem ents were taken from the upper melaphyre a t  
the I llrd  exploitation level.

Ł o m n i c a - I  
(Fig. 9a, Tab. 5: Site 14)

The „m elaphyre of Łomnica” is regarded by K o z ł o w s k i  (1958) 
as the stratigraphic equivalent of the „m elaphyre” from Świerki-I. The 
rock in question, interm ediate between trachyandesite and rhyobasalt 
(rhyodacite), according to K o z ł o w s k i  (1958, 1963), occupies a lower 
position in the stratigraphic sequence than  the m elaphyre of Głuszyca 
Górna.

The first exposure shows rocks analogous to those from Świerki-I 
and Głuszyca Górna. It is only near the top of a small hill at Łomnica* 
that some porous rocks resembling effusive m elaphyre were found under 
weathering cover.

The second outcrop (quarry No. 3 of K o z ł o w s k i ,  1958, PI. II) 
represents a big exposure of a rock („melaphyre”) analogous to those of 
Świerki-I and Głuszyca Górna. The m elaphyre is 10-12 m  thick and is 
underlain by horizontal violet-red and red  shales of the Middle Rot- 
liegende. The shales penetrate vertical joint fissures from below. Another 
shale caps the melaphyre.

The last quarry  (quarry No. 2 of K o z ł o w s k i ,  1958, PL II) shows 
the presence of a dark fine-grained rock of the same character as above 
(„melaphyre”). The contact of the „m elaphyre” and the underlying Middle 
Rotliegende sediments dips 150° SW 65°. The sediments are altered dark 
shales w ith an intercalation of altered sandstone (glassy m elaphyre of 
K o z ł o w s k i ,  op. cit.) in which relics of sedim entary structures: slump 
bedding and cross bedding occur. Green, unaltered shales appear farther 
from the contact.

Ł o m n i c a  - II 
(Fig. 9a, Tab. 5: Site 15)

In the centre of the village Łomnica there occur rocks determ ined 
by K o z ł o w s k i  (1958, PL II) as „compact feldspar-quartz porphyry” 
(leucorhyolite, according to N o ż a n k a ,  1958; alkali rhyolite, according 
to N o w a k o w s k i ,  1961).

R e m a r k s

Tab. 4 shows the succession of Lower Perm ian volcanic events of 
the Inner Sudetic Depression (vicinity of Świerki and Głuszyca) after 
K o z ł o w s k i  (1958, modified in 1963). The above scheme needs a re ­
vision in some respects. It seems tha t only a p a rt of the rocks hitherto  
described as the melaphyres is of effusive character. The rest (i. e. quartz
<---------------------------------------------------------------------------

Fig. 9. a. Dower Permian sites at Głuszyca Górna and Łomnica, Inner Sudetic 
Depression (geological features after K o z ł o w s k i ,  1958, PI. II, simplified). 1 — 
A lluvial deposits; 2 — Porous quartz porphyry and porphyry tuff; 3 — „Melaphyre” 
(probably intrusive-m etasom atic dolerite); 4 — Compact feldspar-quartz porphyry 
(rhyolite intrusion); 5 — Shales; 6 — „Bausandstein”: sandstones and shales (2—5

Rotliegende); 7 — Sampling localities 
b. Geological cross-section of „melaphyre” at Głuszyca Górna (after K o z ł o w s k i ,  
1958, Fig. 9, slightly modified). 1 — Shales (with m elaphyre tuff); 2 — „M elaphyre”

intrusion; 3 — Porous quartz porphyry
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dolerites, spilites, etc.) seem to be metasomatic rocks which originated 
due to a deep transform ation of some clastic sediments of the Middle 
Rotliegende by magmatic solutions and/or by intruding magma. The 
geological form of the la tte r resembles more the sills and the laccoliths 
than the lava flows.

According to D z i e d z i c o w a  (1958) the m elaphyres from Świerki 
are  differentiated into zones each passing gradually  into another (op. cit.,

T a b l e  4
Lower Perm ian volcanic succession of the Inner Sudetic Depression, 

the area of Głuszyca and Świerki 
(after K o z ł o w s k i ,  1958, 1963)

Głuszyca Św ierki

Middle
R otlie­
gende

II nd
volcanic
cycle

porous quartz porphyry

porphyry tu ff and shale III

m elaphyre of Głuszyca m elaphyre of Dworki

m elaphyre tu ff of Dworki and shale II

1st
volcanic
cycle

compact quartz-feldspar  
porphyry porous porphyry of Krajanów

ishale I

m elaphyre of Łomnica 
and Rybnica

m elaphyre of Św ierki 
and Krajanów

„Bausandstein”

Fig. 1). The centre of the „melaphyre sheet” is formed by spilites, passing 
downwards into quartz metadolerites, then into quartz dolerites and 
„border facies” . From  the centre of the „sheet” upwards, the spilites 
pass immediately into the „border facies” . Such geological relations are 
unknown in the effusive melaphyres of the North Sudetic Depression 
or from the Kraków District. W ith respect to the In tra  Sudetic Depression 
the petrological differentiation of the „m elaphyres” could speak in favour 
of their metasomatic and/or intrusive character.

Some other doubts are raised as to a part of the rocks determined 
by K o z ł o w s k i  (op. cit.) as porphyries. E.g. at K rajanów  they  are 
pseudo-tuffs formed from reworked and partly  decomposed porphyries 
and other Lower Perm ian rocks (sediments) by running water.

The „m elaphyre” rocks under discussion (possibly metasomatic and/or 
intrusive — see above) from the exposures at Świerki-I (Site 12), Głu­
szyca Górna (Site 13), Łomnica-I (Site 14), as well as the porphyries 
a t Łomnica-II (Site 15), show grouping in a sector between D =  174 and 
251 and I =  + 0  and +28  (Fig. 6). Most of 'these sites (excluding Site 13) 
therefore give similar directions to the altered sediments of the North 
Sudetic Depression, differing somewhat from the effusive melaphyres 
of that area.
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UPPER CARBONIFEROUS (?) VOLCANIC ROCKS OF THE NORTH SUDETIC
DEPRESSION

D e s c r i p t i o n  o f  L o c a l i t i e s

P l o c z k i  G o r n e  
(Fig. 10, Tab. 5: S ite 16)

Two porphyry sills intruded in the Upper Carboniferous deposits are 
exposed in a field road cutting a t Ploczki Gorne. The lowermost part of 
the section shows grey, sometimes reddish arkoses dipping 160° NE 25°. 
The bottom contact of the first sill is not exposed. The sill, about 8 m 
thick, is a weathered, light red, pink or whitish porphyry. Baked, greenish, 
siltstones and shales about 1 m thick appear between the first and the 
second sills. The second (upper) sill, about 7 m  thick, is a cherry-red 
porphyry w ith numerous xenoliths of green shale 1—3 mm in diameter.

SSW /VA/£

Fig. 10. Dwa sille  porfirow e w ieku pow estfalskiego w  Płaczkach Górnych (depresja 
północnosudecka). p — porfir; s — osady góm okarbońskie (arkozy, zlepieńce, 

łupki itd.); osady spieczone kontaktowo oznaczono skośnym  kreskowaniem  
Fig. 10. Two porphyry sills o f post-Wesitphalian age, at Płóczki Górne, North Sudetic 
Depression, p  — Porphyry; s — Upper Carboniferous sedim ents (arkoses, conglo­

merates, shales, etc.); baked sedim ents — obliquely hatched

The porphyry sometimes shows amygdaloidal structure superficially 
resembling melaphyre, and is finely jointed 2—3 cm parallel to the 
contact w ith sediments. Medium and fine conglomerates and coarse and 
fine grained arkose sandstones, reddish, grey and variegated, occur above 
the second sill. The fragm ental m aterial consists of quartz, gneiss and 
phyllite. The sediments dip 150° NE 20°. Baked red shales and siltstones 
form a th in  zone (5— 10 cm) at the contact w ith  the porphyry.

Oriented samples for palaeomagnetic investigations were taken from 
the upper sill.

R e m a r k s

The age of the sills is post-W estphalian, probably older than  the 
Lower Perm ian effusive melaphyres. The direction of magnetization of 
the upper sill resembles those of both the  Lower Perm ian melaphyre 
lavas of the North Sudetic Depression, and the Upper Carboniferous 
volcanites of the W ałbrzych area (Inner Sudetic Depression).
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UPPER CARBONIFEROUS VOLCANIC ROCKS OF THE INNER SUDETIC
DEPRESSION

D e s c r i p t i o n  o f  L o c a l i t i e s

K a m i e ń s k  W a ł b r z y s k i  
(Tab. 5: Site 17)

An interesting porphyry intrusion (neck) is exposed in an old quarry  
at Kamieńsk Wałbrzyski opposite the railw ay station. The porphyry cuts 
through the  deposits of the W estphalian B (Żacler Formation) which 
dip 15— 20° towards SW. The W estphalian B/C age is accepted for the 
porphyry, as fragm ents of analogous rock have been found reworked in 
the W estphalian C deposits. The porphyry neck dips steeply towards 
the south. It consists of concentric bands of alternating felsite and fine 
crystalline porphyry. The outer part of the neck shows flow structure 
w ith the phenocrysts parallel to the neck skin. Cylindrical, radial and 
basal joint systems can also be observed. As a result, the porphyry splits 
into blocks resembling concretions. At the core the presence of rings 
recalling Liesegang rings can be seen. Between the blocks („concretions”) 
which show the increase in silica content, there occur desilicified parts 
of the porphyry of violet colouration, resembling tuffs. The least altered 
porphyry is found in the central p a rt of the neck.

It seems possible tha t successive rings (cylinders) of the porphyry 
have been added in a centrifugal direction.

As the central zone appeared least altered, oriented samples were 
collected from this zone.

R u s i n o w a  
(Tab. 5: Site 18)

A felsite porphyry sill is exposed in an old quarry  at Rusinowa, near 
the road to Wałbrzych. It is intruded into the W ałbrzych Formation 
(Namurian A), represented here by arenaceous shales w ith mica, and 
separated from the porphyry by a thin magmatic breccia. The age of the 
porphyry is believed to be higher W estphalian, by analogy w ith  other 
intrusions of the area.

B a r b a r k a  M o u n t
(Figs. 11 a—c, Tab. 5: Site 19)

The northern  slope of Barbarka mount, south of the railw ay station 
W ałbrzych Główny, is built of the Żacler Form ation (higher part of 
W estphalian B) w ith  a coal seam (Ernestine-Amalia coal seam, i.e. coal 
seam No. 1 in the Polish standard), dipping 145° SW 25°. The porphyry 
is exposed in an old quarry  near the sum m it of the hill. This is a typical 
effusive felsite porphyry  showing distinct flow structures (Figs. 11 a—c) 
such as flow folds recum bent to the NE indicating flow in this direction 
(azimuths 20°, 60°). Big xenoliths of unaltered conglomerates form either 
lenses conformable w ith the flow folds of the lava, or lenticular in ter­
calations between flat lying bands of porphyry. These geological relations 
indicate contemporaneity of the lava extrusions w ith the  formation of 
conglomerates of this part of the Żacler or Glinik Formation.

The sedim entary cover of the porphyry is represented by the Glinik 
Formation (W estphalian C), the la tte r showing the presence of reworked 
porphyry of the  same type. Thus the age of the porphyry a t Barbarka
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m ount is well determ ined as the W estphalian B/C ( G r o c h o l s k i ,  
1965).

0 -P • »%*>

Fig. 11. a—c. Struktury flu idalne w  w ylew nym  porfirze (w estfal B/C) na górze 
Barbarka w  depresji śródsudeckiej. d. Struktury flu idalne w  w ylew nym  porfirze 
(górny w estfal) w  Starym Lesieńcu, w  depresji śródsudeckiej. Cgl — zlepieniec;

strzałki w skazują kierunek płynięcia law y porfirowej 
Fig. 11. a—c. Fluidal structures in effusive porphyry (W estphalian B/C) a t Bar­
barka m l ,  Ininer Sudetiiic Depression, d. Fluidal structures in effusive porphyry 
(Upper W estphalian) at Stary Lesieniec, Inner Sudetic Depression. Cgl — Conglo­

merate; Arrows indicate directions of lava motion

B o g u s z ó w  
(Tab. 5: S ite 20)

The exposure of felsite porphyry  in an old quarry  at Boguszów belongs 
to the Chełmiec porphyry laccolith. The porphyry in truded into the 
W ałbrzych Formation. The regional dip of the sediments (D a t h  e and 
B e r g ,  1926) at Szczawno is 15° towards the S. Local dips of the W ał­
brzych Form ation are often much steeper close to the laccolith, and 
conformable w ith the dome of the intrusion, consequent upon the lifting 
the sedim entary roof by intruding magma.

Three systems of joints are recognizable in the outcrop, similar to 
those of the porphyry laccolith at Zalas near Kraków (cf. D ż u ł y ń s k i ,  
1955; B i r k e n m a j e r ,  N a i r n ,  1964): radial joints (every 0.1—0.3 m), 
m arginal joints, conformable w ith  the roof of the laccolith (every 
0.5— 1.5 m), and conical joints, corresponding to inverse cone surfaces 
w ith the confluence apex situated inside the laccolith (every 2—4 m). 
Some barite  veins occur in the porphyry, their directions being parallel 
to the Kuźnice Fault.

The porphyry  lacks fluidal structures. Both feldspar phenocrysts and 
the m atrix  show some kaolinization. The age of the porphyry is accepted 
as W estphalian B/C ( G r o c h o l s k i ,  1965) on general considerations.

M n i s z e k  
(Tab. 5: Site 21)

In an old quarry  on Mniszek hill (NE part of the hill) near Gorce,
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a greenish felsite porphyry in which a complicated therm al joint pattern  
belonging to two main systems is found. The firs t joint system cuts the 
rock every 20— 30 cm, and dips 45—50° towards N or NE (azimuths 
0— 60°), the second is visible every 1— 3 cm, dips 60—70° tow ards SE 
(azimuths 140— 160°). The la tte r system tends to change its direction, 
becoming centrifugal (conical). It seems possible tha t the intrusion has 
a phacolithic character and is conformable w ith the crest of the Jabłów 
Anticline.

Local dips of the Upper Carboniferous stra ta  in the vicinity of hill 
Mniszek are 60° SE 20° (D a t h e, B e r g ,  1926). A W estphalian age of 
the intrusion is accepted ( G r o c h o l s k i ,  1965).
G o r c e  
(Tab. 5: S ite 22)

In a working quarry  at Gorce (S part of the village) a pink, dark 
grey or dark green (reddish weathering) felsite porphyry with numerous 
feldspar phenocrysts crops out. Fluidal structures are here absent, and 
the main joint system resembles columnar jointing. The other joint 
system normal or at oblique angles to the  columns, dips 105° SW 40°, 
which resembles the regional dip of the Upper Carboniferous sediments 
in the surroundings of Gorce (see D a t h e, B e r g ,  1926): SW 45—50°.

The geological form of the  porphyry is not quite clear. It is either 
an intrusion w ith eroded sedim entary top, or —  more probably — a 
deeper part of a thick lava flow. The la tte r  possibility is suggested by 
the presence of columnar jointing.

' The reworked porphyry of this type was found in  the Lower Perm ian 
„Bausandstein” (ru2S of B e r g ,  1938). If, as it seems likely, the rock 
is a lava flow the porphyry m ust be younger than  W estphalian B and 
older than  Lower Perm ian. In the  area of Gorce the Lower Perm ian 
sediments rest directly upon W estphalian B deposits.

S t a r y  L e s i e n i e c  
(Pig. l i d ,  Tab. 5: S ite 23)

An effusive felsite porphyry is present in an old quarry  at S tary  
Lesieniec, near the road. It shows a characteristic banding of alternating 
pink and violet porphyry. Well developed fluid structures are visible 
here and there, indicating the movement of the lava towards SW and W 
(azimuths: 200°, 210°, 270°). The general tilt of the lava flows, as 
determ ined from fluidal lamination, is 175° WSW 50° in the quarry  
and 150° SW 45° to the west of the quarry.

The age of the  porphyry  is Upper W estphalian ( G r o c h o l s k i ,  1965).

C z a r n y  B ó r  
(Tab. 5: S ite  24)

An effusive green porphyry  is exposed at Czarny Bór, along the 
south west slope of the hill. The porphyry shows the  presence of columns 
steeply dipping towards the N, traversed by basal joints which dip 85° 
SSE 30°. The thickness of the lava flow at the outcrop is about 20 m. 
The age of the porphyry is younger than  W estphalian B and older than  
the Lower Rotliegende (Kuseler Schichten, ru ic —  see B e r g ,  1938).
N i e d ź w i a d k i

At Niedźwiadki near Wałbrzych, in an old quarry  near the road, rocks 
determined by D a t h e  and B e r g  (1926) as the m elaphyre crop out.
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Here brecciated, strongly altered fine-grained yellowish, greenish or 
rusty  sandstones crop out. They partially  resemble ,,melaphyres” of the 
area of Świerki-I, Łomnica and Głuszyca Górna. Here and there pseudo- 
amygdales of fragm ents of indeterminable rocks. The sandstones form 
layers 0.1— 2 m thick, separated by red shales 1— 5 cm thick. The whole 
complex dips 30° NW 35°.

The relation of the altered sandstones and shales to the porphyries 
in the neighbourhood is not clear. They could represent a big xenolith 
in a volcanic vent breccia. The age of the altered sediments is unknown: 
b u t a higher W estphalian date is assigned to them.

No confidence can be assigned to the results from the altered sand­
stones (D =  220.5, I =  +2.0, a  =  44.8, К  =  33.2, sampling 2/3, R 7 1.970, 
demagnetizing field =  85 oe.) because of the high dispersion of the results 
and the small sample size.

T r  ó j g a r  b
The m ount Trójgarb is built of an irregularly  jointed pink felsite 

porphyry intrusion. The intrusion is younger than  the Lower or Middle 
Visean and its age may range between the  Upper Carboniferous and 
the Lower Perm ian (H. T e i s s e y r e ,  1952). The regional dip of the 
surrounding Culm amounts to 85° SSE 30° ( Z i m m e r m a n n ,  1914). 
The samples for palaeomagnetic measurem ents were taken in an old 
quarry , about 300 m NE of the summ it of the mountain. They gave the 
following results: D =  193, I =  +41, sampling 2/3, a =  83.4, К  =  3.3, 
R =  2.391, demagnetizing field =  85 oe. These results are not significant 
because of high values for a.

O w i e c z n i k
On Owiecznik hill (between Boguszów and Sobięcin) an olivine 

kersantite neck, younger than  the W ałbrzych Form ation (Namurian A) 
crops out in an old quarry . The W ałbrzych Form ation dips 45° SE 30° 
( D a t h e ,  B e r g ,  1926). The joints in the kersantite are directed 170° 
ENE 30° and 60° NW 75°. The results of palaeomagnetic m easurements 
are: D =  210, I =  +10, sampling 3/4, a  =  46.2, К  =  8.2, R =  2.756, 
demagnetizing field =  170 oe. The results are not significant because of 
high value for a.

R e m a r k s

Of the eight sites 17— 24 included in Tab. 5, the four sites represent 
intrusive porphyries, the rest are effusive porphyries. Their stratigraphic 
age, best determ ined for the lava flow of Barbarka m ount (site 19), is 
W estphalian B/C ( G r o c h o l s k i ,  1962, 1965), i.e. it corresponds to the 
Asturic Phase. The intrusive porphyries are partly  volcanic vents or 
plugs (e.g. Kamieńsk Wałbrzyski, Site 17) forming feeder veins, and 
partly  they are subvolcanic bodies (e.g. Chełmiec laccolith, Boguszów, 
Site 20) showing no direct connection w ith surface volcanism.

The palaeomagnetic aspect of the porphyries is less uniform  than  tha t 
of Lower Perm ian melaphyre lavas, North Sudetic Depression, and shows 
larger dispersions of values for declination and inclination. A num ber 
of sites here had to be excluded because of the very  scattered results, 
showing up as very  high values of a.

The results from porphyry lavas (Sites 19, 22, 23, 24) show a greater 
scatter than  those from the porphyry intrusion. In the case of the lava



P
al

ae
om

ag
ne

ti
c 

re
su

lt
s,

 
U

pp
er

 
C

ar
bo

ni
fe

ro
us

 
an

d 
Lo

w
er

 
Pe

rm
ia

n 
of 

th
e 

Su
de

te
s.

 
A 

— 
Lo

w
er

 
Pe

rm
ia

n 
sit

es
 

(1
—

15
); 

B 
— 

U
pp

er
 

C
ar

bo
ni

fe
ro

us
 

sit
es

 
(1

6—
24

)

—  462, —

tn
CD

rH
,n
Cd

Eh
<

<
P

<
U
t—I
Eh

C/2

I—I
Eh

<5
Eh

M

Gcd
Sis <L>^ 1-1
o X

OJ >>> 55
O  S c  g

°  .2 oj  +? J) a■ft & T3 *-i"tfn CL) y-i 0) q-t
CJ CL <H

G 3 S “  SiCu 3  O  C)—i ifl O i-J L)
.........

P5 X 8 M 0 “

Eh

<!
p

0
5HH

Ph

§
<
CO

G
O

•+J
cd
d  

* i H  
p Ha
d

d
o

•  T -H
-4-3
cd
-S
r—HoO)73

qĉj
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flows the greater scatter m ay be in part the result of some pre-existing 
tilt of the Upper Carboniferous landscape and lava-flow morphology, 
both very  difficult — if not impossible — to determine. It is also possible 
tha t the internal deformations (flow structures) in viscous porphyric 
lavas could have resulted in movement after the prim ary  magnetization 
was acquired.

PALAEOMAGNETIC MEASUREMENTS

M e t h o d s

The methods and techniques followed are essentially those described 
in the earlier papers ( B i r k e n m a j e r ,  N a i r n ,  1964, 1965). From

N

Fig. 12. Średnie lokalne kierunki m agnetyzacji (z zaznaczonymi kołam i ufnośoi) 
próbek dolnopermskich. U względniono poprawkę na upad w arstw. Num ery punktów

pobrania próbek — jak w  tab. 2, 5 
Fig. 12. S ite mean directions o f magnetization w ith  circles o f confidence for Lower 
Permian samples. A correction has been m ade far geologioal dip. S ite numbers

correspond to tabs. 2, 5
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each site up to six oriented blocks were collected spread as widely as 
possible over the available outcrops. In general quarries were preferred 
as sampling sites though in some cases samples had also to be collected 
from natural outcrops. The distribution of the sites is indicated in the 
geological sketch maps Figs. 1— 3.

A single core was cut from each sample and the directions of rem an- 
ence m easured using either a short period, or a highly sensitive astatic 
m agnetometer. All were subjected to progressive demagnetization in 
alternating fields of up 340 gauss. The direction of magnetization at 
tha t stage of demagnetization a t which the dispersion of results was at 
a minimum, was adopted as indicating the direction of the geomagnetic 
field in which the rocks acquired their magnetization.

Susceptibility was measured in low fields, of the order of 2 gauss, in 
a susceptibility bridge designed by C o l l i n s o n ,  M o l y n e u x  and 
S t o n e  (1963). Thermo-magnetic curves were obtained from an auto­
matically recording Chevallier balance.

As will be clear from the sampling data summarised in Tabs. 5 and 6 
though few of the samples failed to respond to demagnetization treatm ent, 
m any of them  possessed such low intensities of magnetization tha t the  
high sensitivity magnetom eter had to be used. There is a fairly  clear 
division on the basis of intensity of magnetization, the lavas having an 
intensity one or even two orders of magnitude greater than  the in trus­
ions. This feature was also recorded in the Krakow Perm ian study 
( B i r k e n m a j e r ,  N a i r n ,  1964). The mean directions of m agnetizat­
ions are illustrated in Figs. 12 and 13, depicting the Lower Perm ian and 
Upper Carboniferous respectively. Typical demagnetization curves are 
given in Fig. 15.

D i r e c t i o n s  o f  M a g n e t i z a t i o n

The geological evidence of Lower Perm ian and Upper Carboniferous 
ages for the lava flows is clear, the stratigraphical position of some of 
the intrusions is not so clear.

T a b l e  6
Mean directions of m agnetization and Virtual pole positions

D I a K ancient pole

Lower Silesia, 
Lower Permian 196 - 4 10.7 14.8 175E 43N

Lower Silesia,
Upper Carboniferous 1196 - 1 2 13.6 17.4 1.74E 43N

Kraków District, 
Lower Perm ian lavas 1 204.9 -1 9 .5 8.1 41.5 164E 4'5N

Inner Sudetic Basin, 
Czechoslovakian part, 
Lower Perm ian sedim ents 2

205.2 - 9 .2 4.7 21.3 162.IE 39.5N

1 D a t a  f r o m  B i r k e n m a j e r ,  N a i r n  (1964).
‘ D a t a  f r o m  B u c h a ,  C h l u p a C o v d ,  K r s ,  V e t r o v s k a ,  N a i r n  (1964).

5*
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A virtual pole position for the Lower Perm ian lavas and sediments 
w as calculated and is listed w ith other pole positions for comparison 
(Tab. 6).

The v irtual pole position, in fact, agrees well w ith other computations 
and lies w ith  the tigh t grouping of Perm ian v irtua l poles ( N a i r n ,  
1960, 1964) known from m any places in northern  Europe. The v irtual 
pole position for the Upper Carboniferous intrusions was calculated in 
two ways, on the assumption tha t the intrusion preceded tilting as 
recorded from the dip of the  enclosing beds and on the basis tha t the 
rocks were in truded into inclined strata. The directions of magnetization 
in these two cases are illustrated in Figs. 13, 14, and as can be seen from

H

Fig. 13. Średnie lokalne kierunki m agnetyzacji (z zaznaczonymi kołam i ufności) 
skał górnokarbońskich. Uwzględniono poprawkę na upad skał osadowych w  są­

siedztwie. Num ery punktów pobrania próbek — jak w  tab. 5 
Fig. 13. S ite m ean direction of m agnetization w ith circles of confidence for Upper 
Carboniferous rocks. M easurem ents m ade w ith  respect to the enclosing sedim entary

beds. Site numbers correspond to tab. 5
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the figures, the scatter and confidence limits of the mean are m uch 
improved by assuming th a t  intrusion preceded tilting. The direction of 
magnetization is closely similar to the Lower Perm ian lavas and th e  
v irtual poles. Thus whilst no conclusion m ay be draw n from the direct­
ion of magnetization about the age of the rocks, it seems probable th a t  
intrusion preceded tilting, and th a t the field of the time was substantially  
the same as tha t pertaining during Lower Perm ian times. The geological 
evidence is also less than  conclusive in the absence of radiom etric dating,, 
and in this paper the views of G r o c h o l s k i  (1965) are followed. The 
situation is analogous to tha t found in the case of the Great Whin Sill 
( C r e e r ,  I r v i n g ,  N a i r n ,  1959) and two associated dykes ( C o l l i n -

N

Fig. 14. Średnie lokalne kierunki m agnetyzacji (z zaznaczonymi kołam i ufności) 
skał górnokarbońskich, bez uwzględnienia poprawki na upad skał osadowych w  są­

siedztwie. Num ery punktów pobrania próbek — jak w  tab. 5 
Fig. 14. S ite m ean directions of m agnetization w ith  circles of confidence for Upper 
Carboniferous rocks. M easurem ents made w ith  respect to the present horizontal.

S ite numbers correspond to tab. 5
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s o n ,  N a i r n ,  1960). The age of the form er is now known to be 295 m.y. 
( F i t c h  and M i l l e r ,  1964).

The directions of magnetization of the Upper Carboniferous intrusions 
are also similar to the Lower Perm ian, and to the S tephanian results 
found elsewhere in Europe in the  Saar and Massif Central ( N a i r n ,  
1960). They are also essentially identical w ith m easurem ents carried out 
on Carboniferous sediments in the Czech part of the basin (B i r  k e n- 
m a j e r, K r  s, N a i r n ,  1968).

INTERPRETATION OF PALAEOMAGNETIC MEASUREMENTS

The Upper Carboniferous igneous rocks are extensively altered, some 
even kaolinitized. Haem atite has been recognized in the  sections, com­
monly as a decomposition product of mafic minerals, occasionally in the 
form of veinlets. Since the haem atite appears to be one of the principal 
carriers of remanence, the time at which it was formed is of considerable 
importance. The alteration is generally regarded as autometamorphism 
and hence of Upper Carboniferous age ra ther than Perm ian. The over- 
lying beds show little trace of extensive alteration, whilst on the nearby 
Bohemian P latform  sim ilarly altered igneous rocks are found and sedi­
m entary  kaolinites occur in the Stephanian. Subsequent reheating save 
by burial is unlikely. Only at Boguszow (Site 20) there is evidence of 
slight hydrotherm al activ ity  which produced barite veins. These veins 
cut the porphyry bu t the heating effect is not regarded very  great.

The balance of evidence thus favours an Upper Carboniferous date 
for the alteration, though the magnetization probably does not represent 
the local geomagnetic field at the time of origin of the rocks bu t ra ther 
an  unspecified time during which alteration occurred. Recent work 
( W a l k e r ,  1967) has shown th a t alteration m ay continue for a consi­
derable time even after burial of the rock.

It follows from the above th a t the directions of magnetization record 
the geomagnetic field at some period in the Upper Carboniferous, possibly 
as low as W estphalian B-C, of the region. It has previously been noted 
(see above) tha t the directions of magnetization and the v irtua l pole 
position calculated from them, are in accord w ith those from rocks of 
a similar age in other parts of Europe. The present result (Fig. 13), 
however, is from rocks whose age cannot be very different from the 
Upper Carboniferous sedim entary rocks the results from which are re ­
ported in C r e e r ,  I r v i n g  and R u n c o r n  (1957) or from some of 
the igneous rocks described by E v e r i t t  and B e l s h e  (1960). The 
ages of some of the la tte r are known from the work of F i t c h  and 
M i l l e r  (1964). E v e r i t t  and B e l s h e  (1960) attribu te  their result 
to the resultan t of an original Carboniferous direction upon which a 
Perm ian direction has been imprinted. However, in the absence of m ag­
netic cleaning of much of the m aterial involved, it is not certain w hether 
a  secondary effect is involved or w hether there is a real difference.

The N.R.M. (natural rem anent magnetization) of the Lower Perm ian 
lavas is ten to a hundred times greater than  tha t found in the Upper 
Carboniferous igneous rocks, extrusive or intrusive, the same is true  of 
their relative susceptibilities. This difference is related to differences in 
the ferromagnetic m ineral content (see Fig. 16), in the Perm ian lavas 
magnetite or a titanom agnetite occurs whilst in the Carboniferous igneous
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Demagnetizing field

Fig. 15. Typow e krzyw e adimagnesowywania próbek w  polach zmiennych. Zmienność 
lokalna podana w  kilku przykładach na różnych próbkach pobranych w  tym  sam ym  
odsłonięciu (np. stanowiska 1, 4, 14). Numery punktów pobrania próbek — jak

w  tab. 5
Fig. 15. Typical curves of dem agnetization in alternating fields. Som e m easure of 
the variability per site is given by reproducing demagnetization curves from several 
sam ples at the sam e site  (e. g. Sites 1, 4, 14). Site numbers correspond to Tab. 5
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rocks the mineral is haematite. The metasomatic Lower Perm ian sedim­
ents of the North Sudetic Depression, hitherto regarded as melaphyres 
■also possess the same low intensity  and susceptibility as the Upper 
Carboniferous rocks.

CONCLUSIONS

a) L i t h o l o g i c a l
In contrast to the Perm ian melaphyres the Carboniferous igneous 

rocks were all considerably altered, to  the extent th a t the  rem anent 
magnetization was due to secondarily produced haematite. In order to 
in terpret the significance of the Carboniferous rocks, it is necessary to 
know when this alteration occurred. The current geological view (G r  o- 
c h o l s k i ,  1965) is tha t the alteration largely autom etam orphism  and 
consequently dates from near the time of formation, and tha t the process 
of formation of haem atite m ay even have begun prior to coiftplete 
consolidation (J. K o r n a s ,  personal communication). It is also possible 
tha t subsequent subaerial weathering also played a part, for on the

Fig. .16 a
Fig. 16 a, b. Typow e krzyw e otrzymane z automatycznej w agi skręceń C hevalliera — 
odrysy z k lisz fotograficznych. Num ery punktów  pobrania próbek — jak w  tab. 5 
Fig. 16 a, b. Typical Chevallier, balance therm o-m agnetic records, copied from  

photographic plates. S ite numbers correspond to Tab. 5
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Bohemian P latform  kaolin deposits and w eathered lavas are known. 
A Perm ian  deep w eathering seems unlikely in view  of the relatively 
unaltered nature of the Perm ian lavas, and the unaltered intervening 
beds.

During the process of collecting, a num ber of sites in rocks described 
as m elaphyres of Lower Perm ian age, by K o z ł o w s k i  (1958, 1963) and 
M i l e w i c z  (1965), and occasionally associated w ith  rocks described as 
spilites and dolerites were visited. In some cases these appear to repres­
ent metasomatized sediments (? buchites), for in them  relict sedim entary 
structures were still recognizable. Details of these observations are to 
be found under the site descriptions, bu t as detailed work was not 
carried out on these rocks no general conclusions can be reached,
b) P a l a e o m a g n e t i c

The results from the Lower Perm ian melaphyres agree reasonably 
well w ith  the results previously reported from around Kraków (B i r -  
k e n m a j e r ,  N a i r n ,  1964). The directions of magnetization of the 
Carboniferous rocks are similar, and are believed to represent the geo­
magnetic field of late Carboniferous times in the Sudetes. They show 
very good agreem ent with m easurements made on sedim entary rocks 
in the Czech p art of the Sudetes ( B i r k e n m a j e r ,  K r s ,  N a i r n ,  
1968) and suggest th a t  the geomagnetic field as far back as W estphalian 
B-C did not differ essentially from th a t  of the Permian.
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