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STRESZCZENIE

Opracowanie zawiera wyniki pomiaréw kierunku naturalnego magne-
tyzmu szczatkowego w gérnokarbonskich i dolnopermskich skatach mag-
mowych intruzyjnych i wylewnych oraz w przeobrazonych osadach tego
wieku, wystepujacych w depresjach $rédsudeckiej i pdéinocnosudeckie].
Stwierdzono ponadto, ze niektére skaly opisywane dotychczas pod nazwg
, melafiréw” sg najprawdopodobniej zmetasomatyzowanymi skatami osa-

dowymi, na co wskazujg relikty struktur sedymentacyjnych.
%

* #

Abstract. The mean directions of magnetization determined from the exa-
mination of Lower Permian volcanics and Upper Carboniferous volcanics and
intrusives from the Sudetic region of Poland (Lower Silesia) were 196 —4 (virtual
pole position 175E 43N) and 196 —12 (174E 43N) respectively. Detailed descriptions.
of the sampling 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 was found that certain of the rocks previously identified as ,melaphyres”
were metasomatised sediments on the basis of retained sedimentary structures. This
however was not observed in some cases where 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 Permian rocks
from the Krakow area (Birkenmajer and Nairn, 1964) to the
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Sudetic basin (Figure 1). In all, some 32 sites were visited (see Figures 2
and 3), and if this number is small, the major outcrops are nevertheless
represented. The work complements the purely palacomagnetic study on
the Permian rocks in the Czech part of the Sudetic basin (Bucha et
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Fig. 1. Giéwne elementy strukturalne Sudetéw (budowe geologiczng bloku przed-
sudeckiego pominieto). 1 — skaty archaiczne; 2 — skaly prekambryjskie i staro-
paleozoiczne; 3 — skaly paleozoiczne; 4 — granitoidy waryscyjskie; 5 — skaty
miodopaleozoiczne i mezozoiczne; 6 — obszary pobrania préb; 7 — gléwne dyslo-
kacje; I — blok gnejsowy Gor Sowich; II — blok Karkonoszy—Go6r Izerskich;
III — kompleks metamorficzny Ladka-Snieznika; IV — kompleks metamorficzny
Gor Bystrzyckich i Gor Orlickich; V — kompleks metamorficzny wschodnich Kar-
konoszy; VI — kompleks metamorficzny ktodzki; VII — kaledonidy Gér Kaczawskich;
VIII — struktura wschodniosudecka; IX — struktura Barda; X — depresja Swie-
bodzic; XI — granitoidy Kudowej; XII — granitoidy Karkonoszy; XIII — intruzja
ktodzko-zlotostocka; XIV — granitoidy Zulovej; XV — depresja poélnocnosudecka;
XVI — depresja §rodsudecka

Fig. 1. Main structural elements of the Sudetes mountains (exclusive of the geological
structure in the Fore-Sudetic Block, NE of the Sudetic Border Fault). 1 — Archaean
rocks; 2 — Pre-Cambrian 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 Géry Sowie mts.; II — Karkono-
sze—Gory Izerskie block; III — Metamorphic complex of Ladek—Snieznik; IV —
Metamorphic complex of Goéry Bystrzyckie and Géry Orlickie; V. — Metamorphic
complex of E Karkonosze mts.; VI — Metamorphic complex of Klodzko; VII —
Caledonides of the Goéry Kaczawskie; VIII — East Sudetic region; IX — Bardo
region; X — Swiebodzice depression; XI — Granitoids of Kudowa; XII — Grar}itﬂqlds
of Karkonosze; XIII — Ktlodzko-Ztoty Stok intrusion; XIV — Zulova _gpaJniltozlds;
XV — North Sudetic Depression; XVI — Inner Sudetic Depression
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al., 1964). Certain Carboniferous rocks are included, and a comparison
of these measurements together with results from the Czech part of the
basin have been compared with the results from rocks of the same age
on the Bohemian Massif (Birkenmajer, Krs, Nairn, 1968).
The authors are deeply indebted to the Director of the Lower Silesian
branch of the Geological Survey, Dr L. Sawicki, for facilities readily
made available.

OUTLINE OF GEOLOGY

a) Upper Carboniferous and Lower Permian
of the Inner Sudetic Depression

The Inner Sudetic Depression (or Basin) has an elongated synclinal
form. It is bordered by crystalline massifs save only in the south-west
where there is tectonic contact with the Permian to Mesozoic fill of the
Hronov Graben. The south-east and north-west margins of the Depres-
sion are formed by the crystalline rocks of the Goéry Orlickie, Géry By-
strzyckie and Klodzko massifs, and the Karkonosze-Gory Izerskie massifs
respectively. The north-east flank is formed by the Caledonides of the
Gory Kaczawskie and the gneiss of the Géry Sowie mountains (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 dominantly Saxonian type tectonic structure.

Since the Visean, and possibly even within the Tournaisian, the De-
pression was an area of deposition in which accumulated locally derived,
predominantly fresh-water sediments, throughout the Upper Carbonifero-
us to Permian into Lower Triassic (Bunter) times. The youngest sediments
found; excluding Quaternary and some problematic (?Tertiary) deposits,
are marine Upper Cretaceous beds. The Inner Sudetic Basin was initiated
as a result of late Bretonic movements, and according to the conclusions
of recent studies (cf. Dziedzic, 1966; Augustyniak and Gro-
cholski, 1967), was not influenced by movements of the Sudetic Phase.
The Erzgebirge and Asturic phases were important and repeated earth
movements assigned to the latter occurred at intervals from Westphalian
B times through the Stephanian. Further distinctive movements during
the Lower Permian (Rotliegende) are assigned to the Saalic Phase.

The more important stages in the tectonic history of the basin were
accompanied by volcanic activity, the earliest but not very marked
activity occurred in Lower Carboniferous: Tournaisian-Visean (A. K.
Teisseyre, 1966). Important volcanism accompanied the Asturic mo-
vements, but 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 with a coarse often conglomeratic unit
and there is marked 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 (Augustyniak, Grocholski, 1967, Ho-
lub, 1961; Tasler, 1966) compared against the older established suc-
cessions found in Brinkmann (1954) and Dorn (1966).
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Table 1

Stratigraphic column of the Upper Carboniferous and Lower Permian deposits in

the Inner Sudetic Depression after Augustyniak and Grocholski (1967)

and Téasler (1966). The older columns of Brinkmann (1954) and Dorn
(1966) are given for comparison

POLISH (NE) PART | CzeCH (sw) PART
Dorn 1966 | Brinkmainn 1954 1, yniak, Grocholski 961 Tdsler 1966
Fanglomerates .
Saxonian MCycle of\d!zgi&ﬁ:lmw Trutnov Fm. U.
_ 'Wa!ch-u Sh. 'E
u. I Cycle { Volcanic comp) Volcanic_comp) Broumov Fm. MO
“"Building” Ss. s
Avtunian L.Rotliegende L. Rotliegende - =
An‘lhracosuu v Beltkoy Mb. "6
L ICgc!e —$h  Chvalec {—————1 L.
Conglomerates Frn. Verr;“ebrowce
No C division L. Anthracosia hiatus
¢ given Radowenz Beds Sh. Radvanice
________ Luvdwi-/ ———— Jiek Coals
kow:ce dst ivka
Stephanian B Rodowenz Beds Hexenstein Beds {‘_’"_S_TQ Mo. % itman
——| (Hexemstein | _________ Conq\om?ra*eOdo‘OV _N  Arkose |
Arkose Fm
A v .
Idastall Beds ldastall Beds Svafg&owce
T T T T T Z. Nejedly Coals
D [Schadowitz Beds Glinik Frm, 2 hiatus
Schadowitz Beds _
hali c Zdiarek Beds Upper Mb.
westphalian PSR EER {Z‘Z‘t‘a?ﬂf Yaclé¥ ) Tnadie me.
B chatzlar Beds v vy ———— Fm. ) ————--
Schatzlar Beds ZaF;ler‘ Lower Mb.
A |Weisstein Beds
Weisstein Beds Biaty Biaby
Komiehd Fm. Kamien Fm.
o CT T T T T T T
] Nowal
Waldenburg bt Ruda
B Beds wtus Fm
Namuran hiatus hiatus
Watbrzych
A Fm
Woldenburg Beds l

The Upper Carboniferous stratigraphic schemes are based on macro-
floras, supplemented by information from the microflora. The lowest unit
the Walbrzych Formation, up to 325 m thick, is developed in two local
basins (the Walbrzych and Woliborz 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 with numerous
coal seams. The conglomerate is the base of a new sedimentary cycle
which, according to Dziedzic (1966), is related to climatic change.
The age of the Walbrzych Formation is Namurian A.

The Bialy Kamien Formation, represented by coarse clastics, is trans-~
gressive, and separated from the Walbrzych 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 Bialy Kamien
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Fig. 2. Szkic geologiczny polskiej czeSci depresji grodsudeckiej. 1 — gnejsy Go6r Sowich, prekambr; 1a — mylonity
i kataklazyty; 2 — kompleks metamorficzny wschodnich Karkonoszy; 3 — kompleks metamorficzny klodzki; 4 — gabra
i diabazy watu ktodzkiego; 5 — osady paleozoiczne struktury bardzkiej; 6 — osady gérnodewonskie i dolnokarbonskie
depresji Swiebodzic; 7 — granitoidy Karkonoszy i Kudowy; 8 — osady dolnokarbonskie; 9 — osady gornokarbonskie,
10 — miodopaleozoiczne skaly wulkaniczne nie okre$lonego blizej wieku (karbon lub dolny perm); 11 — skaly wulka-
niczne gornokarbonskie (gtéwnie porfiry); 12 — osady dolnopermskie (czerwony spagowiec); 13 — skaly wulkaniczne
dolnopermskie (melafiry, porfiry, tufy itd.); 14 — osady gérnopermskie (cechsztyn);: 15 — osady mezozoiczne (trias
i kreda); 16 — uskoki stwierdzone i przypuszczalne; 18 — miejsca pobrania préb (liczby jak w tab. 5). Skaly kenozoiczne
pominieto
Fig. 2. Geological sketch map of the Polish part of the Inner Sudetic Depression. 1 — Gneisses of the Goéry Sowie,
Pre-Cambrian; 1a — Mylonites and cataclasites; 2 — Metamorphic complex of the eastern Karkonosze mts.; 3 — Meta-
morphic complex of Klodzko; 4 — Gabbros and diabases of the Klodzko Ridge; 5 — Palaeozoic sediments of the Bardo
region; 6 — Upper Devonian and Lower Carboniferous sediments of the Swiebodzice Depression; 7 — Granitoids of
Karkonosze and Kudowa; 8 — Lower Carboniferous sediments; 9 — Upper Carboniferous sediments; 10 — Late Palaeozoic
volcanites of unknown age (Carboniferous or Lower Permian); 11 — Upper Carboniferous volcanites (mainly porphyries);
12 — Lower Permian (Rotliegende) sediments; 13 Lower Permian volcanites (melaphyres, porphyries, tuffs etc); 14 —
Upper Permian (Zechstein) sediments; 15 — Mesozoic (Triassic and Cretaceous) sediments; 16 — Faults recognized and
supposed; 17 — Geological bouandaries recognized and supposed; 18 — Sampling localities (site numbers refer
to Tab. 5). Post-Mesozoic rocks not marked )
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Formation in its type development is lacking, but some authors regard
as its equivalent the Nowa Ruda Formation, a sequence of sedimentary
breccias and regoliths, passing upwards into kaolinitic shales and siderite-
-bearing siltstones. According to Dziedzic (1966), deposition of the
Nowa Ruda Formation began in the Lower Carboniferous. A Namurian C
to lower Westphalian A age is generally accepted for the Bialy Kamien
Formation.

The Bialy Kamien Formation gradually passes upwards to the Zacléf
Formation. In north-eastern part of the Depression the age of the Zacléf
Formation (up to 900 m thick) is regarded as Westphalian A and B, while
in the south-western part of the Depression it also includes Westphalian C.
The lower part of the formation consists mainly of sandstones and silt-
stones with coal seams. In the upper part of the formation sandstones
and conglomerates dominate.

On the north-eastern flank of the Inner Sudetic Depression the Glinik
Formation, 100—600 m thick, formerly known as the ,,Ottweiler Schich-
ten”, is transgressive over the Zaclér, and locally over the Watbrzych
Formation. It has a Westphalian C — Lower Stephanian age (Groc hol-
ski, 1965) and with a succession of conglomerates and sandstones
alternating with red siltstones is lithologically distinct from the under-
lying Zacléf Formation.

Three sedimentary cycles can be recognized in the Westphalian beds
corresponding roughly to the Westphalian A, B, and C. The middle
(Westphalian B) and upper (Westphalian C) cycles begin with conglo-
merates, the latter being particularly well developed over the whole
of the Inner Sudetic Depression. Volcanic material is present in the
middle and upper cycles in the south-western (Czech) part of the basin,
but only in the upper cycle (Glinik Formation) in the Polish part of the
Depression. The maximum volcanic activity occurred in Westphalian C
(Holub, 1961).

The Glinik Formation is overlain by conglomerates passing upwards
into sandstones, which in turn give way to siltstones and claystones,
formerly known as the ,,first sedimentary cycle of the Rotliegende”. The
argillaceous horizon, known as the ,1st Anthracosia shale horizon”,
contains spore assemblages typical for the Stephanian, as well fresh-
~water pelecypod Anthraconaia prolifera (Wat.) of the same age (T. G o-
recka and K. Augustyniak, pers. comm.). This formation, younger
than the Glinik Formation and older than the Rotliegende proper, has
been renamed the Ludwikowice Formation (Augustyniak, Gro-
cholski, 1967).

In the southern part of the Inner Sudetic Depression a break in
deposition is recognized at the boundary of Westphalian C and D. The
Stephanian is represented by the Odolov Formation, which is subdivided
into the lower Svatoiiovice Member, and the upper Jivka Member. Both
members begin with coarse sandstones, occasionally even conglomerates,
and differ from the underlying Zaclét Formation. These differences have
been attributed to climatic change and to the appearance of new sources
of clastic material as the result of Asturic movements, although tectonic
instability alone seems an. adequate cause.

The Svatotiovice Member represents the Westphalian 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 with the Kounov coals of Central Bohemia, and repres-
ent the Stephanian B and part of Stephanian C. A sedimentary break
with erosion of the top part of the Jivka Member has been recognized
in the uppermost part of the Stephanian (T asler, 1966). B

The Rotliegende of the Polish part of the Intra Sudetic Depression
is up to 1,800 m thick and shows the characteristics of cyclic molasse
sedimentation (Dziedzic, 1961). It is separated by an unconformity
from the underlying Carboniferous. The sedimentary cycles usually start
with conglomerates (fanglomerates) and grade upwards 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 at the close of the second cycle
(Dziedzic, 1961; Koztowski, 1963). Prior to the recognition of the
Ludwikowice Formation, this was regarded as the third cycle.

Two stratigraphic members, both starting with conglomerates and
grading upwards into finer deposits with limestone horizons are recogniz-
ed in the Czech part of the Inner Sudetic Depression. The lower Verné-
fovice Member contains a thin coal seam with ,,Walchia”’. The upper
Be¢kov Member contains a limestone horizon near the top. Both members
belong to the Lower Rotliegende. The Middle Rotliegende is represented
by the Broumov Formation which contains tuffs and lava sheets of
porphyry and melaphyre. The Trutnov Formation represents the Upper
Rotliegendes. In the Polish part of the Depression its equivalents are
the fanglomerates of Radkéw and Mieroszéw.

b) Upper Carboniferous and Lower Permian
of the North Sudetic Depression

The sediments in the North Sudetic Depression rest on a substratum
of epimetamorphic schists of the Géry Kaczawskie mountains, West
Sudetes (Figures 1, 3). The borders of the Depression are mainly 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 Westphalian B, more than 100 m thick,
recognized only in boreholes in an area close to the Polish-German fron-
tiers (Nysa Luzycka river), is represented by siltstones with sandstone
and conglomerate intercalations and by porphyry lavas and tuffs
(Hirschmann, 1959). The lack of the Westphalian C deposits is
apparently the result of Asturic uplift. The Westphalian D and Stephanian
sequence, up to 300 m thick (Milewicz, Goérecka, 1965), starts
with regolithic breccias overlain by alternating conglomerates, arkosic
sandstones, and generally brown-red and grey siltstones and claystones
(Milewicz, 1967). Four sedimentary cycles have been recognized here,
and these can be correlated with 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 Permian is represented by continental deposits of the Rotlie-
gende and by the predominantly marine Zechstein. The Rotliegende
deposits are especially well known in the eastern part of the Depression.
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Here three sedimentary cycles may be recognized (Milewicz, 1966)
in a succession 500—1000 m thick. The first cycle, of 170—340 m, consists
mainly of fine sandstones and siltstones, coarser beds being infrequent
and thin. The second cycle, 200—400 m thick, is lithologically more
variable: with sandstones dominating over siltstones, and with conglo-
merates infrequent in the lower part of the cycle, but more common in
its upper part. The eruptive complex attributed to the second cycle is
represented by porphyries and porphyry tuffs in the eastern part 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 at the base of the third cycle, the result of the
Saalic uplift. The third cycle, 200—500 m thick, consists almost entirely
of fine conglomerates (fanglomerates), grading upwards into coarse sand-
stones.

LOWER PERMIAN VOLCANIC AND SEDIMENTARY
ROCKS OF THE NORTH SUDETIC DEPRESSION

Description of Localities

Pléczki Goérne
(Fig. 4a, Tab. 5: Sites 1—3)

Three melaphyre lava flows are exposed at Pléczki Gorne in the Wlen
Graben. The lower part of the lava flows consists of basal breccia 1-—3 m
in thickness. It is made up of fragments and blocks of vesicular and amyg-
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 melaphyre 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-
merates of the Rotliegende, dipping 95° NNE 30°. The dip of the lava
flows is conformable with the dip of the underlying sediments.

The oriented samples were collected from the massive melaphyre
of the first and second flows and from the vesicular region in the upper
part of the third flow.

Ptawna Goérna
(Fig. 4b, Tab. 5: Sites 4, 5)

The exposures at Plawna Gérna also belong to the Wlen Graben. In
a railroad cutting three melaphyre flows dipping ENE are displaced by
a fault. The first flow is poorly exposed with only its upper part access-
ible. In appearance it is a violet-red massive melaphyre passing upwards
into amygdaloidal melaphyre. The second flow, about 27 m thick, dips
about 45° towards 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 fragments 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 third lava flow more than 26 m
thick, again has a basal breccia, 0.5—2 m thick, consisting of fragments
of violet-red amygdaloidal melaphyre 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, with thermal 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 third flows.

Pltawna Srednia
(Fig. 4c, Tab. 5: Site 6)

The exposures at Plawna Srednia lie in the Lwoéwek Graben. Two
melaphyre lava flows are recognized in an outcrop at the right bank of
the Srebrna river, NE of the church. The first 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 diameter of vesicular and
amygdaloidal melaphyre, violet, violet-red in colour, and of red sand-
stone blocks 5—10 em in diameter. The massive violet-red, brown, or green
melaphyre 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.

Plawna Dolna-I
(Fig. 4d)

Near a railway 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 weathered 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 Gor Kaczawskich (depresja péinocnosudecka). 1 — osa-
dy kredowe i triasowe; 2 — osady gérnopermskie (cechsztynskie); 3 — osady dolno-
permskie (czerwony spagowiec); 4 — skaly wulkaniczne dolnopermskie (stanowiska
1—11) i gérnokarbonskie ? (stanowisko 16); 5 — osady gérnokarbonskie (westfal
D-stefan); 6 — osady dolnokarbonskie (w depresji Srédsudeckiej); 7 — waryscyjski
granit Karkonoszy; 8 — kompleks metamorficzny Goér Kaczawskich (starszy pa-
leozoik-prekambr); 9 — kompleks metamorficzny Go6r Izerskich (prekambr); 10 —
glowne dyslokacje; 11 — miejsca pobrania préb (liczby jak w tab. 5) Skaly keno-
zoiczne pominieto

Fig. 3. Geological structure of the Gory Kaczawskie (North Sudetic Depression).
1 — Cretaceous and Triassic sediments; 2 — Upper Permian (Zechstein) sediments;
3 — Lower Permian (Rotliegende) sediments; 4 — Lower Permian (Sites 1—11)
and ?Upper Carboniferous (Site 16) volcanic rocks; 5 — Upper Carboniferous
(Westphalian D — Stephanian) sediments; 6 — Lower Carboniferous sediments
(Inner Sudetic Depression); 7 — Variscan granite of Karkonosze; 8 — Metamorphic
complex of the Goéry Kaczawskie (older Palaeozoic — Pre-Cambrian); 9 — Meta-
morphic complex of the Gory Izerskie (Pre-Cambrian); 10 — Main dislocations;
11 — Sampling localities (site numbers correspond to Tab. 5). Post-Mesozoic rocks
not marked
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Ptawna Dolna-II
(Tab. 5: Site 7)

In an outcrop near the railway station at Ptawna Dolna there occur
rocks regarded by Milewicz (1965) as belonging to the ,third mela-
phyre complex” of the Rotliegende. We found here fine-grained sand-
stones with mica, indurated by iron oxides, sometimes forming a hard,
massive rock, superficially resembling melaphyre. It seems probable that
ferric oxide solutions that indurated the sandstone were related to post-
-magmatic solutions. The altered sandstones dip 90° N 15°.

Between Marczéw and Zadole east of Plawna Dolna the
same ,,third melaphyre complex” of Milewicz is poorly exposed and
represented by fine-grained sandstones of similar type as those at Plaw-
na Dolna-II. No samples were taken for palaesomagnetic measurements.

Similar rocks crop out also at Gorczyca, on the right bank of the
Bobr river in the eastern part of the Lwowek Graben. The samples taken
from grey or variegated hard siltstones dipping 20° WNW 30° gave ne-
gative results.

Belczyna
(Fig. 5a, Tab. 5: Site 8)

Two melaphyre lava flows are exposed in a road cutting between
Belczyna and Wlen, W of Belczyna. 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 melaphyre 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
Plawna Dolna-II. The lava flows are tilted in the same direction as the
sandstones.

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

Sokolowiec
(Fig. 5b, Tab. 5: Site 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 may 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
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Fig. 4. Schematyczne profile geologiczne odsltonieé¢ dolnopermskich law melafiro-
wych w depresji péinocnosudeckiej (skala przyblizona): a — PIoczki Gorne; b —
Plawna Goérna; ¢ — Plawna Srednia; d — Plawna Dolna I; 1 — melafir gabczasty
i migdalowcowy; 2 — melafir masywny; 3 — brekcja spagowa; 4 — piaskowce i zle-
pience (czerwony spagowiec); 5 — melafir zbrekcjowany tektonicznie; 6 — uskok

Fig. 4. Schematic geological sections of the Lower Permian (Rotliegende) melaphyre

lava flows of the North Sudetic Depression (scale approximate): a — Pt6czki Goérne;

b — Plawna Gérna; ¢ — Plawna Srednia; d — Plawna Dolna I; 1 — Vesicular and

amygdaloidal melaphyre; 2 — Massive melaphyre; 3 — Bottom breccia; 4 — Sand-

stones and conglomerates (Rotliegende); 5 — Tectonically brecciated melaphyre;
6 — Fault
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System is developed which resembles that of the melaphyre lava flows.
It seems possible that the sandstone may have formed the substratum
of the melaphyre lava flow exposed nearby (see Rawka mount), and was
altered by ferruginous solutions connected with volcanic activity.

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

e

Fig. 5. Schematyczne profile geologiczne odstonie¢ dolnopermskich law melafiro-
wych, zmienionych osad6éw i wylewnego porfiru w depresji péinocnosudeckiej (skala
przyblizona): a — Belczyna; b — Sokolowiec; ¢ — géra Rawka (Rza$nik); d — Wie-
listaw Ztotoryjski (porfir); e — Wielistaw Zlotoryjski, struktury fluidalne w por-
firze. (Obja$nienia oznaczen do fig. 5a—c — jak na fig. 4)
Fig. 5. Schematic geological sections of the Lower Permian (Rotliegende) melaphyre
lava flows, altered sediments and effusive porphyry of the North Sudetic Depression
(scale approximate): a — Belczyna; b — Sokotowiec; ¢ — Rawka mt. (Rzaénik);
d — Wielistaw Ziotoryjski (porphyry); e — Wielislaw Zlotoryjski, detail of flow
structures in the porphyry. (For explanations to Figs. 5a—c — see Fig. 4)

Rawka Mount (Rzg$nik)
(Fig. 5c, Tab. 5: Site 10)

At Rawka mount (427 m), near Rza$nik village, samples were collected
from green amygdaloidal and vesicular melaphyre 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 that at Sokotowiec, i.e., altered
black or bluish sandstone, dipping 70° NW 20°. The lava flow only
locally begins with 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.

Wielistaw Zlotoryjski
(Figs. 5d, e, Tab. 5: Site 11)

In a big old quarry situated at the right bank of the Kaczawa river
close to Wielistaw Zlotoryjski, 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, with fold amplitudes
up to 0.5—1 m.

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

Remarks

The melaphyre lava flows belong to a single effusive complex. This
is consistent with the palacomagnetic measurements (Tab. 5). Locally
they may split into subordinate complexes separated by clastic sediments
as shown by Milewicz (1965, Fig. 1). The maximum number of lava
flows at a single outcrop never exceeds three. The flows vary in thickness
from 11 to 27 m, with the lowest lava flows usually thinner than the
upper ones. Nearly all the lava flows have a basal breccia made up of
‘vesicular and amygdaloidal melaphyre blocks often with an admixture
of Rotliegende sandstone fragments. The higher part of the flows usually
consist of massive columnar jointed melaphyre, with the joints mostly

Table 2
D and I values for the Lower Permian melaphyre and porphyry lavas
and altered sediments of the North Sudetic Depression

(cf. Tab. 5)
Site No. D I

Pidczki 1 Flow 1 196 —18
Gorne 2 Flow 2 196 —14

3 Flow 3 206 -1

~

Plawna (1 Flow) : — — —_
Gorna 2 Flow 4 193 —36

3 Flow 5 200 —29
Plawna (1 Flow) — - -
Srednia 2 Flow 6 196 —95
Belczyna 1 Flow 8 214 —6

(2 Flow) — — —
Mt. Rawka i Flow 10 200 +4
Plawna
Dolna-II sediment 7 180 +10
Sokotowiec sediment 9 199 +0.5
Wielislaw porphyry 11 200 +28
Zlotoryjski

4 Rocznik PTG t. XXXVIII, z. 4
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transverse, but 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 that recognized in the Lower Permian melaphyre
lavas of the Krakéw District (Birkenmajer, Nairn, 1964). The
presence of scoriaceous lava in most cases immediately below the basal
breccia of the successive flow points to short-time intervals between
the subsequent flows, when neither stronger erosion, nor clastic sedi-
mentation 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, presumably caused by infiltrating
iron oxide solutions, where the sandstones are indurated, their original
red colouration being changed to grey, blue or black. Further alteration
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Fig. 6. Zmiany w deklinacji i inklinacji magnetycznej w czasie dolnego permu,
W oparciu o pomiary magnetyzmu szczatkowego skat depresji poéinocnosudeckiej
i nastepstwo zjawisk wulkanicznych depresji §rodsudeckiej (por. tab. 4). Liczby
oznaczajg miejsca pobrania préb (por. tab. 5). a — porfir; b — melafir; ¢ — prze-
obrazone skaly osadowe (a—c — depresja péinocnosudecka); d — smelafir” (doleryt,
spilit itd.) i porfir w depresji $§réodsudeckiej
Fig. 6. Sequential changes in declination and inclination during the Lower Permian,
based on measurements on rocks from the North Sudetic Depression, and the
volcanic succession of the Inner Sudetic Depression (cf. Tab. 4). Site numbers as
in Tab. 5. a — Porphyry; b — Melaphyre; ¢ — Altered sediment (a—c — North
Sudetic Depression); d — ,,Melaphyre” (dolerite, spilite ete.) and porphyry, Inner
Sudetic Depression
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results in the acquisition of a system of jointing much resembling that
of the transverse jointing in the melaphyre lava flows. It seems probable
that the above alterations post-dated the lava effusions. These altered
rocks bear a striking resemblance to the buchites described by Spry
and Solomon (1964).

Similar altered clastic rocks at Ptawna Dolna-1I, Marczéw-Zadole and
Gorcezyca are regarded as younger than the effusive complex dealt with
in the present paper.

The acid volcanism represented by porphyry extrusions at Wielistaw
Zlotoryjski seems to be younger than melaphyre extrusions, and coeval
with the thermal alterations of the sandstones.

Figure 6 shows grouping of Lower Permian sites of the North Sudetic
Depression in apparent stratigraphic order. The melaphyre lavas have
declinations between 193° and 214° with 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 with negative inclinations and
~ the sediments and the porphyry with positive values.

Taking into account the succession of melaphyre lavas as based on
the combination of stratigraphic and palaecomagnetic data (Tabs. 2, 4),
and the geographical position of the lava flow sites of the North Sudetic
Depression, it appears that the oldest melaphyre extrusions are in the
southwest part of the Depression (Fig. 3, Tab. 3), at Plawna Gorna
(Sites 4, 5), a minimum three flows. The centres of effusion then migrated

Table 3
Supposed stratigraphical succession of Lower Permian melaphyre lava flows
of the North Sudetic Depression

I
Porphyry
estrysions
Alterations
+ & in the
w sediments
Q
E 10. Mt Rowka {, Flow >€m
P e dert Yoy el A
w 8.8Befeczyna {(,2 #F'_llow)>,llr:q
Py Melaphyre | i Flew SiEm ==
:5 elaphyre . . { 3Flow >I5m
& extrusions I-3 PkSczki & 2 Flow ¢ 20m
wl o { __Gorne L I Fiow c.17m
= ¢ Ptawna { 2 Flow>15m -
Q 3Flowc 26m Srednia (] Flow
S 45 Lo "‘{7 Flowe 20m — w23m
b3 (1Flow)>2m
l Clastic Lo not exposed below the lava flows e — exporeo/ below the lava flows ——
(’2‘) sediments

farther N (NE) to Plawna Srednia (Site 6) — minimum two lava flows,
and reappeared in the southwest zone at Pl6czki Gorne (Sites 1—3) —
three lava flows. The youngest melaphyre lavas were extruded in the
central part of the Depression at Belczyna (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,
where altogether six lava flows have been recognized (Plawna Goérna +
Pléczki Gorne), the lava flows are here thickest (up to 27 m), with the

4%
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total thickness of the lava sheet exceeding 100 m. This may point to the
proximity of a deep fracture in the substratum that served as the feeder
for the melaphyre lava-sheet volcanoes.

LOWER PERMIAN VOLCANIC AND SEDIMENTARY ROCKS OF THE INNER
SUDETIC DEPRESSION

Description of Localities
Swierki-I
(Figs. 7a, b, 8 a—c, Tab. 5: Site 12)

In the new quarry at Swierki peculiar Lower Permian rocks deter-
mined as melaphyres (Koztowski, 1958) or as quartz dolerites and
spilites (Dziedzicowa, 1958) crop out. Kozlowski regarded them
to be extrusive melaphyre lavas which strongly disturbed plastic clays
(now shales) of the Rotliegende, so that baked sediments arranged in
diapir-like structures often came to the contact with top surface of the
lava body. Part of the lava then cooled under a thin cover of the displaced
bottom sediments, and gave rise to the formation of ,,subvolcanic bodies”
(Koztowski, 1963).

According to our observations the rocks have obvious differences when
compared with the extrusive melaphyres of the North Sudetic Depression.
Neither bottom breccias nor scoriaceous top parts of the lavas, so cha-
racteristic of the melaphyres of the North Sudetic Depression, are present
within the ,,melaphyres” at Swierki. The rocks superficially closely re-
semble those dealt with as the altered sandstones in the North Sudetic
Depression.

The ,,melaphyre” at Swierki-I is quarried at five exploitation levels.
At the first level there is a fine-grained black, greenish and bluish rock
with vertical jointing, superficially resembling a fine-grained altered
sandstone (it is the quartz dolerite, Dziedzicowa 1958). Similar
rocks at the IInd, IIIrd and IVth exploitation levels correspond to quartz
dolerite and, in the upper part of the quarry, to the spilite of Dzie-
dzicowa, and to melaphyre of Kozlowski (1958). The rocks are
here fine-grained, greenish, sometimes reddish and bluish in colour, with
vertical jointing, as at the Ist exploitation level. Immediately upon the
»Spilite” of the Vth exploitation level there appear (Figure 8a) thermally
altered (baked) reddish and whitish shales and, farther from the contact,
unaltered red and violet shales of the Middle Rotliegende. It should
be noted that the basal jointing planes within the quartz dolerite at ITIrd
exploitation level (20° WNW 30—35°) are arranged in a way similar
to that of the bedding planes of the ,,Bausandstein” underlying the
»extrusive” rock, where Kozlowski (op. cit.) measured 160° WSW
15° dips.

Oriented samples were collected from the IInd (quartz dolerite), the
IlIrd (quartz dolerite), and IVth (spilite) exploitation levels.

In the old quarry at Swierki-I (Fig. 7a, b), the bottom
contact of the melaphyre (quartz dolerite) is exposed with the sedi-
mentary substratum formed by thermally altered purple or variegated
shales with yellow limonitic spots (Fig. 8c). The shales are traversed
by vertical joints in the upper part close to the contact with 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 sedimentary 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. Just
above the ,,spilite” there occurs a thin band (0.5—1 cm) of thermally
altered violet, black and whitish shale, while unaltered bright red Middle
Rotliegende clay shales and clays with marl concretions appear higher
still.

0 1 ] 2
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Fig. 7. a. Odsloniecia skal dolnopermskich w Swierkach — depresja §rédsudecka
(budowa geologiczna uproszczona wedlug Koztowskiego, 1958, tabl. III). 1 —
osady naplywowe; 2 — porowaty porfir kwarcowy; 3 — doleryt-spilit itd. (skaly
intruzyjno-metasomatyczne, ,melafirowe”); 4 — melafir wylewny; 5 — tuf mela-
firowy; 6 — tupki; 7 — piaskowiec ,,budowlany”: piaskowce i tupki (2—7 — czer-
wony spagowiec); 8 — uskoki; 9 — miejsca pobrania prébek
b. Przekrdj geologiczny przez ,melafir” (doleryt kwarcowy-spilit itd) w Swier-
kach-I (wedlug Koz towskiego, 1958, fig. 12, zmodyfikowane). 1 — tlupki;
2 — intruzyjno-metasomatyczne ciata ,melafirowe”; 3 — porowaty porfir kwarcowy

Fig. 7. a. Lower Permian sites at Swierki, Inner Sudetic Depression (geological
features after Koztowski 1958, Pl III, simplified). 1 — Alluvial deposits; 2 —

Porous quartz porphyry; 3 — Dolerite-spilite ete. (intrusive-metasomatic ,,mela-
phyre” rocks); 4 — Effusive melaphyre; 5 — Melaphyre tuff; 5 — Shales; 7 —
,,Bausandstein”: sandstones and shales (2—7 — Rotliegende); 8 — Faults; 9 —

Sampling localities .
b. Geological cross-section of ,melaphyre” (quartz dolerite-spilite etc.) at Swier-
ki-1 (after Koztowski, 1958, Fig. 12, modified). 1 — Shales; 2 — Intrusive-
-metasomatic bodies of ,,melaphyre”; 3 — Porous quartz porphyry
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The melaphyre rocks in question (dolerites and spilites) represent
intrusions rather than extrusions; part of them could result from meta-
somatic alterations of some clastic sediments (cross-bedded arkoses) of
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Fig. 8. a. Intruzyjny kontakt stropowy spilitu z lupkami dolnopermskimi w Swier-
kach-I (nowy kamieniotom) — depresja Srodsudecka
b. Intruzyjny kontakt stropowy spilitu z osadami dolnopermskimi w Swierkach-I
(stary kamieniotom) — depresja Srédsudecka
¢. Intruzyjny kontakt spggowy dolerytu kwarcowego z osadami dolnopermskimi
w Swierkach-I (stary kamieniolom) — depresja $rédsudecka
Objasnienia oznaczen: 1 — doleryt-spilit; 2 — przeobrazone tupki; 3 —
niezmienione tupki (3a — z konkrecjami marglistymi); 4 — usypisko

Fig. 8. a. Intrusive top contact of the spilite with the Lower Permian shales. Swier-
ki-I (new quarry), Inner Sudetic Depression

b. Intrusive top contact of spilite with the Lower Permian sediments. Swierki-I
(old quarry), Inner Sudetic Depression

c. Intrusive bottom contact of quartz dolerite with the Lower Permian sediments.

Swierki-I (old quarry), Inner Sudetic Depression

Explanations: 1 — Dolerite-spilite; 2 — Altered shales; 3 — Unaltered shales

(3a — with marl concretions); 4 — Scree



— 453 —

the Middle Rotliegende, the metasomatizing solutions being related to
Lower Permian volcanic activity. The intrusive character of the rocks
(sills or laccoliths) is corroborated by the presence of thermal contacts
with 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.

Swierki-II

W of Swierki village (near point 670 m a.sl. — Fig. 7a) a porous
porphyry (Upper porous porphyry, IInd eruptive cycle of Koztowski,
1958) is poorly exposed. It forms small cliffs, slightly disturbed by down-
slope gravity movements. No reliable measurements were obtained from
the oriented samples collected.

A further locality of ,,porous porphyry” was recognized by Ko z1o w-
ski at Krajanoéw. Here tuff-like rocks composed of fragments of
weathered porphyry, of sandstone and red siliceous shales (contact
shales ?), usually angular, sometimes subrounded, cemented by a matrix
resembling reworked porphyry are exposed. These rocks show the pre-
sence of current bedding (azimuth 325°, dips of foresets 40°). Part of the
rock, more resembling weathered porphyry, forms a lens, but seems to
be simply a more strongly cemented tuff-like rock. The lens shows the
presence of joints resembling thermal joints, while some parts of the
rock are vesicular. The voids however are the result of the weathering
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 material is lacking, and the
,porphyry”, regarded by the authors as water-laid reworked wvolcanic
deposit, is underlain by a ,,melaphyre” analogous to that from Swierki-I
(,,melaphyre of Krajanow” of Kozlowski, 1958).

A typical quartz porphyry was found between Krajanow
and Dworki, but could not be sampled because of inadequate
exposures.

At Dworki fragments 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 Kozlowski, 1958, Pl. III). According to Dziedzicowa (1938)
the rock belongs to the basalt group.

Gtuszyca Gorna
(Figs. 9a, b, Tab. 5: Site 13)

In a working quarry at Gluszyca Gorna there occur rocks determined
by Kozlowski (1958) as melaphyres (rhyobasalts — Kozlowski,
1963), which lithologically resemble the quartz dolerites of Swierki-I (old
and new quarries). The rocks form two sill-like horizons separated by
shales which dip 130° SW 30°. The shales are thermally altered (baked)
at the contact with the lower ,,melaphyre”. According to Koztowski
(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 marly concretions (see — old
quarry at Swierki-I). ‘

The melaphyre resembles metasomatized sandstones (as at Swierki-I),
its geological form is that of a sill, and not a lava flow. The samples for
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Fig. 9. a. Odsloniecia skal dolnopermskich w GluszyCy' Goérnej i Eomnicy — de-
presja Srédsudecka (budowa geologiczna uproszezona wedlug Kozlowskiego
1958, tabl. II). 1 — osady naptywowe; 2 — porowaty porfir kwarcowy i tuf porfi-

rowy; 3 — ,melafir” (prawdopodobnie intruzyjno-metasomatyczny doleryt); 4 —
zbity porfir skaleniowo-kwarcowy (intruzja ryolitowa); 5 — tupki; 6 — piaskowiec
»budowlany”: piaskowce i lupki (2—5 — czerwony spagowiec); 7 — miejsca po-

brania prébek
b. Przekréj geologiczny przez »melafir” w Gluszycy Gornej (wedlug Kozlow-
skiego, 1958, fig. 9, nieco zmodyfikowane). 1 — tupki (z tufem melafirowym);
2 — intruzja ,melafirowa”; 3 — porowaty porfir kwarcowy
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palaeomagnetic measurements were taken from the upper melaphyre at
the IIIrd exploitation level.

F.omnica-I
"(Fig. 9a, Tab. 5: Site 14)

The ,,melaphyre of Lomnica” is regarded by Koztowski (1958)
as the stratigraphic equivalent of the ,,melaphyre” from Swierki-I. The
rock in question, intermediate between trachyandesite and rhyobasalt
(rhyodacite), according to Koziowski (1958, 1963), occupies a lower
position in the stratigraphic sequence than the melaphyre of Gtuszyca
Gorna.

The first exposure shows rocks analogous to those from Swierki-I
and Gluszyca Gérna. It is only near the top of a small hill at f.omnica,
that some porous rocks resembling effusive melaphyre were found under
weathering cover. '

The second outcrop (quarry No. 3 of Koziowski, 1958, Pl 1II)
represents a big exposure of a rock (,,melaphyre”) analogous to those of
Swierki-1 and Gluszyca Goérna. The melaphyre 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 Kozlowski, 1958, Pl. II) shows
the presence of a dark fine-grained rock of the same character as above
(,,melaphyre”). The contact of the ,,melaphyre” and the underlying Middle
Rotliegende sediments dips 150° SW 65°. The sediments are altered dark
shales with an intercalation of altered sandstone (glassy melaphyre of
Kozlowski, op. cit.) in which relics of sedimentary structures: slump
bedding and cross bedding occur. Green, unaltered shales appear farther
from the contact.

Fomnica-II
(Fig. 9a, Tab. 5: Site 15)

In the centre of the village L.omnica there occur rocks determined
by Kozlowski (1958, Pl II) as ,,compact feldspar-quartz porphyry”’
(leucorhyolite, according to Nozanka, 1958; alkali rhyolite, according
to Nowakowski, 1961).

Remarks

Tab. 4 shows the succession of Lower Permian volcanic events of
the Inner Sudetic Depression (vicinity of Swierki and Gtuszyca) after
Koztowski (1958, modified in 1963). The above scheme needs a re-
vision in some respects. It seems that only a part of the rocks hitherto
described as the melaphyres is of effusive character. The rest (i. e. quartz

w2
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Fig. 9. a. Lower Permian sites at Gluszyca Goérna and Eomnica, Inner Sudetic
Depression (geological features after Kozlowski, 1958, Pl II, simplified). 1 —
Alluvial deposits; 2 — Porous quartz porphyry and porphyry tuff; 3 — ,Melaphyre”
(probably intrusive-metasomatic 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 Gluszyca Goérna (after Kozlowski,
1958, Fig. 9, slightly modified). 1 — Shales (with melaphyre tuff); 2 — ,,Melaphyre”
intrusion; 3 — Porous quartz porphyry
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dolerites, spilites, etc.) seem to be metasomatic rocks which originated
due to a deep transformation of some clastic sediments of the Middle
Rotliegende by magmatic solutions and/or by intruding magma. The
geological form of the latter resembles more the sills and the laccolith:
than the lava flows. ’
According to Dziedzicowa (1958) the melaphyres from Swierki
are differentiated into zones each passing gradually into another (op. cit.,
Table 4
- Lower Permian volcanic succession of the Inner Sudetic Depression,
the area of Gluszyca and Swierki :
(after Koztowski, 1958, 1963)

Gluszyca Swierki
porous quartz porphyry
IInd
volcanic porphyry tuff and shale III
cycle .
melaphyre of Gluszyca melaphyre of Dworki
| Middle melaphyre tuff of Dworki and shale II
Rotlie- c t quartz-felds
; empact quartz-fe ar
gende P pc?rphyry P porous porphyry of Krajanow
Ist
volcanic shale I
cycle
melaphyre of E.omnica melaphyre of Swierki
and Rybnica and Krajanow
,»,Bausandstein”

Fig. 1). The centre of the ,,melaphyre sheet” is formed by spilites, passing
downwards into quartz metadolerites, then into quartz dolerites and
»oorder 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 Krakow District. With respect to the Intra Sudetic Depression
the petrological differentiation of the ,,melaphyres” 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 Kozlowski (op. cit.) as porphyries. E.g. at Krajanéow they are
pseudo-tuffs formed from reworked and partly decomposed porphyries
and other Lower Permian rocks (sediments) by running water.

The ,,melaphyre” rocks under discussion (possibly metasomatic and/or
intrusive — see above) from the exposures at Swierki-I (Site 12), Ghlu-
szyca Gorna (Site 13), Lomnica-I (Site 14), as well as the porphyries
at .omnica-II (Site 15), show grouping in a sector between D = 174 and
251 and I = +0O 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

Description of Localities

Ploczki Goérne
(Fig. 10, Tab. 5: Site 16)

Two porphyry sills intruded in the Upper Carboniferous deposits are
exposed in a field road cutting at Ptéczki Goérne. 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 with numerous xenoliths of green shale 1—3 mm in diameter.

SSw NNE

Fig. 10. Dwa sille porfirowe wieku powestfalskiego w Pléczkach Gérnych (depresja
poinocnosudecka). p — porfir; s — osady gérnokarbonskie (arkozy, zlepience,
tupki itd.); osady spieczone kontaktowo oznaczono sko$nym kreskowaniem

Fig. 10. Two porphyry sills of post-Westphalian age, at Ptéczki Goérne, North Sudetic
Depression. p — Porphyry; s — Upper Carboniferous sediments (arkoses, conglo-
merates, shales, etc.); baked sediments — obliquely hatched

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

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

Remarks

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

Description of Localities

Kamiensk Watbrzyski
(Tab. 5: Site 17)

An interesting porphyry intrusion (neck) is exposed in an old quarry
at Kamiensk Walbrzyski opposite the railway station. The porphyry cuts
through the deposits of the Westphalian B (Zaclét Formation) which
dip 15—20° towards SW. The Westphalian B/C age is accepted for the
porphyry, as fragments of analogous rock have been found reworked in
the Westphalian 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
with 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 part of the neck.

It seems possible that 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.

Rusinowa
(Tab. 5: Site 18)

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

Barbarka Mount
(Figs. 11 a—c, Tab. 5: Site 19)

The northern slope of Barbarka mount, south of the railway station
Walbrzych Gléwny, is built of the Zaclét Formation (higher part of
Westphalian B) with 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 summit of the hill. This is a typical
effusive felsite porphyry showing distinct flow structures (Figs. 11 a—c)
such as flow folds recumbent to the NE indicating flow in this direction
(azimuths 20°, 60°). Big xenoliths of unaltered conglomerates form either
lenses conformable with the flow folds of the lava, or lenticular inter-
calations between flat lying bands of porphyry. These geological relations
indicate contemporaneity of the lava extrusions with the formation of
conglomerates of this part of the Zaclét or Glinik Formation.

The sedimentary cover of the porphyry is represented by the Glinik
Formation (Westphalian C), the latter showing the presence of reworked
porphyry of the same type. Thus the age of the porphyry at Barbarka
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mount is well determined as the Westphalian B/C (Grocholski,
1965).

Fig. 11, a—c. S.t:ruk.tury fluidalne w wylewnym porfirze (westfal B/C) na gbrze

Barbarka w depresji §rédsudeckiej. d. Struktury fluidalne w wylewnym porfirze
(gérny westfal) w Starym Lesiencu, w depresji §rédsudeckiej. Cgl — zlepieniec;
strzatki wskazuja kierunek ptyniecia lawy porfirowe]

Fig. 11. a—c. Fluidal structures in effusive porphyry (Westphalian B/C) at Bar-

parka mt., Inner Sudetic Depression. d. Fluidal structures in effusive porphyry

(Upper Westphalian) at Stary Lesieniec, Inner Sudetic Depression. Cgl — Conglo-
merate; Arrows indicate directions of lava motion

Boguszow
(Tab. 5: Site 20)

The exposure of felsite porphyry in an old quarry at Boguszow belongs
to the Chelmiec porphyry laccolith. The porphyry intruded into the
Walbrzych Formation. The regional dip of the sediments (Dathe and
Berg, 1926) at Szczawno is 15° towards the S. Local dips of the Wal-
brzych Formation are often much steeper close to the laccolith, and
conformable with the dome of the intrusion, consequent upon the lifting
the sedimentary roof by intruding magma.

Three systems of joints are recognizable in the outcrop, similar to
those of the porphyry laccolith at Zalas near Krakéw (cf. Dz u tynski,
1955; Birkenmajer, Nairn, 1964): radial joints (every 0.1—0.3 m),
marginal joints, conformable with the roof of the laccolith (every
0.5—1.5 m), and conical joints, corresponding to inverse cone surfaces
with the confluence apex situated inside the laccolith (every 2—4 m).
Some barite veins occur in the porphyry, their directions being parallel
to the Kuznice Fault.

The porphyry lacks fluidal structures. Both feldspar phenocrysts and
the matrix show some kaolinization. The age of the porphyry is accepted
as Westphalian B/C (Grocholski, 1965) on general considerations.

Mniszek
(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 thermal joint pattern
belonging to two main systems is found. The first 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° towards SE
(azimuths 140—160°). The latter system tends to change its direction,
becoming centrifugal (conical). It seems possible that the intrusion has
a phacolithic character and is conformable with the crest of the Jablow
Anticline.

Local dips of the Upper Carboniferous strata in the vicinity of hill
Mniszek are 60° SE 20° (Dathe, Berg, 1926). A Westphalian age of
the intrusion is accepted (Groch olski, 1965).

Gorce
(Tab. 5: Site 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 Dathe, Berg, 1926): SW 45—50°.

The geological form of the porphyry is not quite clear. It is either
an intrusion with eroded sedimentary top, or — more probably — a
deeper part of a thick lava flow. The latter possibility is suggested by
the presence of columnar jointing.

' The reworked porphyry of this type was found in the Lower Permian
»Bausandstein” (ruyd of Berg, 1938). If, as it seems likely, the rock
is a lava flow the porphyry must be younger than Westphalian B and
older than Lower Permian. In the area of Gorce the Lower Permian
sediments rest directly upon Westphalian B deposits.

Stary Lesieniec
(Fig. 11 d, Tab. 5: Site 23)

An effusive felsite porphyry is present in an old quarry at Stary
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
determined 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 Westphalian (Grocholsk 1, 1965).

Czarny Bor
(Tab. 5: Site 24)

An effusive green porphyry is exposed at Czarny Bor, 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 Westphalian B and older than
the Lower Rotliegende (Kuseler Schichten, rujc — see Berg, 1938).

Niedzwiadki
At Niedzwiadki near Watbrzych, in an old quarry near the road, rocks
determined by Dathe and Ber g (1926) as the melaphyre 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 Swierki-I, L.omnica and Gluszyca Goérna. Here and there pseudo-
amygdales of fragments 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:
but a higher Westphalian 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, K = 33.2, sampling 2/3, R = 1.970,
demagnetizing field = 85 oe.) because of the high dispersion of the results
and the small sample size.

Tréjgarb

The mount Tréjgarb 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 Permian (H. Teisseyre, 1852). The regional dip of the
surrounding Culm amounts to 85° SSE 30° (Zimmermann, 1914).
The samples for palaeomagnetic measurements were taken in an old
quarry, about 300 m NE of the summit of the mountain. They gave the
following results: D = 193, 1= +41, sampling 2/3, o = 83.4, K = 3.3,
R = 2.391, demagnetizing field = 85 oe. These results are not significant
because of high values for o.

Owiecznik

On Owiecznik hill (between Boguszéw and Sobiecin) an olivine
kersantite neck, younger than the Walbrzych Formation (Namurian A)
crops out in an old quarry. The Walbrzych Formation dips 45° SE 30°
(Dathe, Berg, 1926). The joints in the kersantite are directed 170°
ENE 30° and 60° NW 75°. The results of palacomagnetic measurements
are: D= 210, I = +10, sampling 3/4, a = 46.2, K = 8.2, R = 2.756,
demagnetizing field = 170 oe. The results are not significant because of
high value for o.

Remarks

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 determined for the lava flow of Barbarka mount (site 19), is
Westphalian B/C (Grocholski, 1962, 1965), i.e. it corresponds to the
Asturic Phase. The intrusive porphyries are partly volcanic vents or
plugs (e.g. Kamiensk Walbrzyski, Site 17) forming feeder veins, and
partly they are subvolcanic bodies (e.g. Chelmiec laccolith, Boguszow,
Site 20) showing no direct connection with surface volcanism.

The palaeomagnetic aspect of the porphyries is less uniform than that
of Lower Permian melaphyre lavas, North Sudetic Depression, and shows
larger dispersions of values for declination and inclination. A number
of sites here had to be excluded because of the very scattered results,
showing up as very high values of o.

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



L1Lydiod aarsnyye
LL'S €0'0 0°gLE 6621 L66°'T 6/g 44 €10 82+ 002 ‘T3S[£10}0}Z MBISIIAIM ‘T
Al INZ 9°0L 8L'p1 TL6'C ¢/e c8 I'TT v+ 002 Mmo1y 3sT ‘exdydersw “jIN BYMBY 0
$9°0 8Ll | TE £6°GI cl6'¢ 207 0 I's ¢o + 661 9UO}SpUBS PaId}[e ‘D91MOF00S 6
0'063 €0 9'69 0I'TT LS6°€ 9/ ¢8 1'0% 9 — P12 Mo1F 1sT ‘@rdydeow ‘eukzoreqd ‘g
wﬂo,uw@GMw
68°0 0°S €691 CG'61 $66°1 /g (1143 02 01+ 08T parsje ‘II-eu[oq BUMBIJ ‘L
, MOTJ pug
68°0 20 0°L1ST AR 666°C v/e 8 80 ¢c— 961 ‘@1fyde[aw ‘eUPAIS BUMEBEJ 9
MOTJ pIg
¥8°C Ly G'90T 76°8 qL6°e ¢/ 0LT 09 62— 002 ‘e1fyde[aw ‘€UIOH BUMBI] °G
MOTJ pug
1¢°1 I'pl | €LE 0L°21 €68'F /s 8 9'6 96— €61 ‘erfydelsw ‘eUIOD BUMBIJ F
MOT} pIg
_ €L°0 6L 9L 76°€% LT6'C /e 0LT 9% L — 902 ‘@1fydepw ‘OUIOD 13Zd9Id g
- MOT} pug
2 74 0'p L16¥ ch'e 266'F ¢/s ¢4 LEp PT— 961 ‘erdyderow ‘9UIQD 15zd01d g
A MOTF 3T
_ 1'32 ve 06L 99'8 676 ¢/s 0.1 6°€% 81— 961 ‘xfyderaw ‘9uIon INZI0Fd ‘T
'V
(V] X pi| 0 q q/e 20 r I a 9d4£j} 3001 pue 9}IS
JUSIOIFFe0) — O
Cowmme@T\.H — ¥ P23991109 meQEMw JO Jaquunu/pasn mmﬂamEMm JO JequunN — qg/e
9JIUIPIFUO]) — p1o1J Surzijsusewsq — °°4
y—01 X ATIqRdassng — X 00/ MWD y—([ X [ UOIjezIjausew jo L}Isusjul — [
ugaw J0399A Jo. ﬂpmzw.,H — Y uorjeuIfour — 71 mgoﬂmﬁﬁomﬁ — d ”QoEmNﬁmwaE JO uoIljo=IIg
VIVA TVOILSILVLS VILVA ONITANVS

(Fe—91) sojIs snoisjuoqre) Joddn — g (GT—T) SO}IS UBIWISJ I9MOT — Y
'Sejepng Y} JO UBIWISG JOMOT] PUB snolsjiuoqie) xedd() ‘sjinsad oljouewosr[ed

g 9[qer




N €p o pLT dlod jusrouy
e pLl 9¢l 66G°L — —_ — gl— 961 (2 SuIpnNIdOX3) U0I}IAIIQ UBIIN
6°C SI'0 8’0k | 699 v66°C /e 662 0%°0 e — c0% £1Lydaod aarsnyze ‘10g Aurez) '$g
8%°0 €9°0 9L'61 [Z: WA 86L'p 9/S 0 p1°0 p9— 1444 £x
o -fydiod aA1Snyye ‘O9IULISATT LIB}S €%
191 [ro 6161 69’9 ¥86°¢ /v 62 L0°0 01+ 861 (¢9a18N339) L1Lydaod ‘90100 ‘gg
pL°0 210 424 LO'6T 9.8°¢ 47472 0 $0°0 13— ¥8I1 (yyrodeydy) -
_ uorsnaur LxLydiod ‘YozSTUIN “Ig
i) 80°0 2'82% 01°9 L86°€ S/v c8 20°0 g — P61 yjrpoooe] £1£ydiod ‘mozsngog ‘0g
_ 861 60°0 bbe 6S'TT pG8°¢g 9/9 ¢cg 80°0 9p— 281 £xkydiod sarsnys “}N eYIRQIRY 61
‘. 068 $0°0 N4 28°'pC 2c6'% G/e o4 91°0 cr— P13 11s £L1£ydaod ‘emoutsny ‘8l
@ 0L'S 81°0 1°81 6981 6LL'Y 9/s 0 9%°0 v — 631 : 3oau
~ Lifydaod ‘1MSAZIqIeM MSUSTWed ‘LT
| 70°€ 60°0 227 g6'el 2€6°¢ /v 0LT €1°0 T — 951 s £14ydiod ‘euigd 13zd0id 91
g
N ev o GLT 9[0d jusldUY
— — A L0T 131°¢1 — — — b — 961 (g1 Surpnyoxa)
Uor}a9JII1(J UeaIAl
LL'S ¢0'0 'Lb 98 $69°C 9/9 0 e1°0 8 + b6 1 KL1dydaod aarsnIjul ‘II-BIIUWOE "G
(444 g00 | $9 6782 832°S 9/9 0Ll 600 pI+ pLI QILyderaw® ‘I-BOTUWOE “H1
80°¢ 81°0 L'99 13°61 0L6'2 /e 0 €zo 0 + 162 «dILydeow’ ‘®UIQD BILZSNED €1
100 L 9'6% 9T°L1 668'¢ | 9/b G8 €0°0 81+ 861 «(dILyderdw ‘I-1I9IMS ‘Gl

..... . .

5 Rocznik PTG t. XXXVIII, z. 4



— 464 —

flows the greater scatter may 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
that the internal deformations (flow structures) in viscous porphyric
lavas could have resulted in movement after the primary magnetization
was acquired.

PALAEOMAGNETIC MEASUREMENTS
Methods

The methods and techniques followed are essentially those described
in the earlier papers (Birkenmajer, Nairn, 1964, 1965). From

Fig. 12. Srednie lokalne kierunki magnetyzacji (z zaznaczonymi kotami ufno$ci)
probek dolnopermskich. Uwzgledniono poprawke na upad warstw. Numery punktéow
pobrania prébek — jak w tab. 2, 5
Fig. 12. Site mean directions of magnetization with circles of confidence for Lower
Permian samples. A correction has been made for geological dip. Site 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 reman-
ence measured using either a short period, or a highly sensitive astatic
magnetometer. All were subjected to progressive demagnetization in
alternating fields of up 340 gauss. The direction of magnetization at
that stage of demagnetization at 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 Collinson, Molyneux and
Stone (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 treatment,

many of them possessed such low intensities of magnetization that the
high sensitivity magnetometer 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 intrus-
ions. This feature was also recorded in the Krakéw Permian study
(Birkenmajer, Nairn, 1964). The mean directions of magnetizat-
ions are illustrated in Figs. 12 and 13, depicting the Lower Permian and
Upper Carboniferous respectively. Typical demagnetization curves are
given in Fig. 15.

Directions of Magnetization
The geological evidence of Lower Permian and Upper Carboniferous

ages for the lava flows is clear, the stratigraphical position of some of
the intrusions is not so clear.

. Table 6
Mean directions of magnetization 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 196 —12 13.6 174 |174E 43N
Krakow District,
Lower Permian lavas!? 204.9 —19.5 8.1 41.5 164E 45N
Inner Sudetic Basin,
Czechoslovakian part, 205.2 —9.2 4.7 21.3 | 162.1E 39.5N
Lower Permian sediments 2

1 Data from Birkenmajer, Nairn (1964).
2 Data from Bucha, Chlupaéova, Krs, Vétrovskya, Nairn (1964).

5%
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A virtual pole position for the Lower Permian lavas and sediments
was calculated and is listed with other pole positions for comparison
(Tab. 6).

The virtual pole position, in fact, agrees well with other computations
and lies with the tight grouping of Permian virtual poles (Nairn,
1960, 1964) known from many places in northern Europe. The virtual
pole position for the Upper Carboniferous intrusions was calculated in
two ways, on the assumption that the intrusion preceded tilting as
recorded from the dip of the enclosing beds and on the basis that the
rocks were intruded into inclined strata. The directions of magnetization
in these two cases are illustrated in Figs. 13, 14, and as can be seen from

Fig. 13. Srednie lokalne kierunki magnetyzacji (z zaznaczonymi kotami ufno$ci)
skal goérnokarbonskich. Uwzgledniono poprawke na upad skat osadowych w sg-
siedztwie. Numery punktéw pobrania prébek — jak w tab. 5
Fig. 13. Site mean direction of magnetization with circles of confidence for Upper
Carboniferous rocks. Measurements made with respect to the enclosing sedimentary
beds. Site numbers correspond to tab. 5
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the figures, the scatter and confidence limits of the mean are much
improved by assuming that intrusion preceded tilting. The direction of
magnetization is closely similar to the Lower Permian lavas and the
virtual poles. Thus whilst no conclusion may be drawn from the direct-
jon of magnetization about the age of the rocks, it seems probable that
intrusion preceded tilting, and that the field of the time was substantially
the same as that pertaining during Lower Permian times. The geological
evidence is also less than conclusive in the absence of radiometric dating,
and in this paper the views of Grocholski (1965) are followed. The
situation is analogous to that found in the case of the Great Whin Sill
(Creer, Irving, Nairn, 1959) and two associated dykes (Collin-

Fig. 14. Srednie lokalne kierunki magnetyzacji (z zaznaczonymi kolami ufnosci)
skal gornokarbonskich, bez uwzglednienia poprawki na upad skat osadowych w sa~
siedztwie. Numery punktéw pobrania prébek — jak w tab. 5
Fig. 14. Site mean directions of magnetization with circles of confidence for Upper
Carboniferous rocks. Measurements made with respect to the present horizontal.
Site numbers correspond to tab. 5
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son, Nairn, 1960). The age of the former is now known to be 295 m.y.
(Fitch and Miller, 1964).

The directions of magnetization of the Upper Carboniferous intrusions
are also similar to the Lower Permian, and to the Stephanian results
found elsewhere in Europe in the Saar and Massif Central (Nairn,
1960). They are also essentially identical with measurements carried out
on Carboniferous sediments in the Czech part of the basin (Birk e n-
majer, Krs, Nairn, 1968).

INTERPRETATION OF PALAEOMAGNETIC MEASUREMENTS

The Upper Carboniferous igneous rocks are extensively altered, some
even kaolinitized. Haematite has been recognized in the sections, com-
monly as a decomposition product of mafic minerals, occasionally in the
form of veinlets. Since the haematite 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 rather than Permian. The over-
lying beds show little trace of extensive alteration, whilst on the nearby
Bohemian Platform similarly altered igneous rocks are found and sedi-
mentary kaolinites occur in the Stephanian. Subsequent reheating save
by burial is unlikely. Only at Boguszéw (Site 20) there is evidence of
slight hydrothermal activity which produced barite veins. These veins
cut the porphyry but 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 but rather
an unspecified time during which alteration occurred. Recent work
(Walker, 1967) has shown that alteration may continue for a consi-
derable time even after burial of the rock.

It follows from the above that the directions of magnetization record
the geomagnetic field at some period in the Upper Carboniferous, possibly
as low as Westphalian B-C, of the region. It has previously been noted
(see above) that the directions of magnetization and the virtual pole
position calculated from them, are in accord with 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 sedimentary rocks the results from which are re-
ported in Creer, Irving and Runcorn (1957) or from some of
the igneous rocks described by Everitt and Belshé (1960). The
ages of some of the latter are known from the work of Fitch and
Miller (1964). Everitt and Belshé (1960) attribute their result
to the resultant of an original Carboniferous direction upon which a
Permian direction has been imprinted. However, in the absence of mag-
netic cleaning of much of the material involved, it is not certain whether
a secondary effect is involved or whether there is a real difference.

The N.R.M. (natural remanent magnetization) of the Lower Permian
lavas is ten to a hundred times greater than that found in the Upper
Carboniferous igneous rocks, extrusive or intrusive, the same is true of
theil relative susceptibilities. This difference is related to differences in
the ferromagnetic mineral content (see Fig. 16), in the Permian lavas
magnetite or a titanomagnetite occurs whilst in the Carboniferous igneous
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rocks the mineral is haematite. The metasomatic Lower Permian 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) Lithological

In contrast to the Permian melaphyres the Carboniferous igneous
rocks were all considerably altered, to the extent that the remanent
magnetization was due to secondarily produced haematite. In order to
interpret the significance of the Carboniferous rocks, it is necessary to
know when this alteration occurred. The current geological view (G r o-
cholski, 1965) is that the alteration largely autometamorphism and
consequently dates from near the time of formation, and that the process
of formation of haematite may even have begun prior to complete
consolidation (J. Kornas, personal communication). It is also possible
that subsequent subaerial weathering also played a part, for on the

I 19

100 600 200 600

Fig. 16 a
Fig. 16 a, b. Typowe krzywe otrzymane z automatycznej wagi s}irec‘eﬁ C‘}mvalliema —
odrysy z klisz fotograficznych. Numery punktéw pobrania probek — jak w tab. 5
Fig. 16a, b. Typical Chevallier, balance thermo-magnetic records, copied from
photographic plates, Site numbers correspond to Tab. 5
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Bohemian Platform kaolin deposits and weathered lavas are known.
A Permian deep weathering seems unlikely in view of the relatively
unaltered nature of the Permian lavas, and the unaltered intervening
beds.

During the process of collecting, a number of sites in rocks described
as melaphyres of Lower Permian age, by Kozlowski (1958, 1963) and
Milewicz (1965), and occasionally associated with rocks described as
spilites and dolerites were visited. In some cases these appear to repres-
ent metasomatized sediments (? buchites), for in them relict sedimentary
structures were still recognizable. Details of these observations are to
be found under the site descriptions, but as detailed work was not
carried out on these rocks no general conclusions can be reached.

b) Palaeomagnetic

The results from the Lower Permian melaphyres agree reasonably
well with the results previously reported from around Krakéw Bir-
kenmajer, Nairn, 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 agreement with measurements made on sedimentary rocks
in the Czech part of the Sudetes (Birkenmajer, Krs, Nairn,
1968) and suggest that the geomagnetic field as far back as Westphalian
B-C did not differ essentially from that of the Permian.
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