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Abstract: In the Outer Carpathians in Barnasiéwka radiolarian shale formation, there is an intercala-
tion underlied by bentonite. There were found very rare elements and minerals in this intercalation. It
was recognized that this horizon has been filled with products of a big object collision with Earth. The
age of the manganese-iron intercalation was determined by potassium-argon (K-Ar) dating of illites to
be (89.3+1.2) Ma. Similar age, (85.2+0.6) Ma, was found for the post-impact glass from the Boltysh
crater in Ukraine. It was concluded that the formation of this intercalation was synchronous with the
Boltysh crater formation at the Cenomanian/Turonian boundary. The research for the K-Ar age of the
crater creation in Logoisk (Belarus) established its formation to (124.2+1.2) Ma ago.
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1. INTRODUCTION

Petrographic and geochemical examination of sam-
pled rocks showed that the rocks which formed in the
Outer Flysch Carpathians at the Cenomanian/Turonian
boundary might be genetically associated with a collision
of a large celestial body with the Earth’s surface. The
location of selected sites of the study area are shown in
Fig. 1, whereas the schematic profile of these sedimen-
tary rocks are shown in Fig. 2. In this finding, an in-
creased content of some elements (like REE) and miner-
als (like bronzite and coesite grains) which rarely occur in
the Earth crust, has been encountered. This thin layer
reveals significant changes in the organic world (Kauft-
man, 1984; 1986; Raup and Sepkowski, 1986; Arthur et
al., 1987; Bralower, 1988; Sepkowski, 1990) — certain
foraminifera species died out completely (e.g. Rotalipora
Gavelinella intermedia) and were replaced by other or-
ganisms (radiolarians) which reached an abundant
growth. Other premises, supporting an impact origin of
the discussed layer, rely on the observed sedimentologi-
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cal phenomena which might be consequences of strong
marine currents induced by propagation of a post-impact
seismic wave. The anomalies occur within the “manga-
nese layer” and in the surrounding rocks occurring in the
radiolarian shales from Barnasiowka in the Silesian Unit
(Bak et al., 2001).

A detailed examination of this formation as well as of
its equivalents which are found in other units of the Outer
Flysch Carpathians, showed that post-impact products
and crumbs of a planetoid which struck the Earth about
90 million years ago, are likely to occur there.

Samples from the radiolarian shales from Barna-
siowka were subjected to petrographic and geochemical
examination that aimed to establish the age of the rocks
as well as the chemical elements and mineral composition
of the extraterrestrial matter out of which the planetoid
was probably composed. This allowed the identification
of the main crater that this planetoid had formed. The
prospecting has been limited to two meteor craters known
on the Earth. One of them was the Boltysh crater which,
at the study onset, was believed to be almost the same age
as that of the manganese layer of the Carpathians, while
the second one was the Logoisk crater as the post-impact
products studied in its interior were very similar to those
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Fig. 1. The study area with locations of selected sites.

present in the manganese layer from the Carpathians. The
Boltysh crater, with its centre in Alexandrovka village, is
in eastern Ukraine. The buried crater is dissected by the
Tyasmin River which exposes an ejecta blanket of brec-
cia at its banks.

Confirmation of a collision of a celestial body with
the Earth’s surface would be of a great significance for
the explanation of many sedimentary events or even tec-
tonic ones which took place in the Carpathian geosyn-
cline at that time. It might also be an important contribu-
tion to the ongoing discussion on meteor causes of the
event at the K/T boundary (Montanari and Koeberl, 2000;
Sawlowicz, 1993). A fall of a planetoid or its shattered
pieces likely took place in Eastern Europe that is evi-
denced by the Boltysh presumably formed at the same
time as the sediments in the profile of the Beds from
Barnasiowka.

Minor pieces of this planetoid fell into the Carpathian
geosyncline. Large amounts of cosmic dust and rare ele-
ments accumulated in a thin “manganese layer” can pro-
vide evidence of a proximity to the collision site. Effects
of this collision are not so clear in other parts of the
world. However, the studies conducted on samples of
rocks, which were created at the Cenomanian/Turonian
boundary in North America and in Italy (Elder, 1987;
Lopez et al., 1988; Orth et al., 1988; Poag, 1997a, b),
have unambiguously demonstrated that changes ongoing
at that time in the organic world were caused by a colli-
sion of a planetoid with Earth.

2. EARLY SEDIMENTOLOGICAL AND
PETROLOGICAL STUDIES IN THE OUTER
FLYSH CARPATHIANS

A complex of spongiolites, radiolarites, shales and
sandstones with “manganese-iron” concretion described
as “green and red shales”, has been reported for the first
time in the Outer Carpathians in the profile of the Skole
series (Styrnatowna and Cizancourt, 1925). Later, these
sediments were called “red radiolarites with red and
green shales” or “radiolarites and siliceous marls” (Su-
jkowski and Rozycki, 1930; Sujkowski, 1931). A horizon
of the radiolaritic shale was also identified in the profile
of the Silesian series (Burtanowna et al., 1933). Subse-
quent sites, where this horizon occurred, were reported
from the Silesian and Skole series, but the discussed
complex was assigned various names: siliceous marls or
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Fig. 2. Position of radiolarian layers in the Silesian Series.

jaspideous layers (Ksiazkiewicz, 1951) as well as it was
called a layer of radiolarites and spongiolites (Burtan and
Ciszewska, 1956), greenish shales with radiolarians
(Bieda et al., 1963), radiolarian shales (Gucwa, 1966) or
biochemical siliceous rocks (Burtan and Turnau-
Morawska, 1978). The discussed layer of siliceous rocks
was also studied by Koszarski et al. (1959), and Alex-
androwicz (1973), Kotlarczyk (1978), Gucik et al.
(1983), Geroch et al. (1985), Uliény et al. (1997), Paul
and Wieser (2002). In the paper by Bak et al. (2001) this
layer is called a formation of radiolarian shales from
Barnasiowka.

3. FORMATION OF RADIOLARIAN SHALES
FROM BARNASIOWKA - RESULTS OF THE
PRESENT STUDY

The investigated layer of radiolarian shales from
Barnasiowka occurs in the Outer flysch Carpathians. It
lies in the Silesian series in the complex of layers which
directly overly the Lgota Beds. Above, in the profile of
this series, the Godula beds occur, see Fig. 2. Deposits of
similar type are found in all the tectonic-facial units of
the Outer Carpathians, i.e. in Skole, Sub-Silesian, Sile-
sian and Magura series. In the case of the Sub-Silesian
series this layer occurs above a gaize layers and it is cov-
ered with variegated shales and Weglowka marls. Lithol-
ogy of the radiolarian shales is similar in all the series.
These shales comprises a several meter thick packets of
spongiolites, radiolarites and shales with manganese
concretions. In the upper parts of this profile, singular,
thin layers of sandstones appear. This radiolarian com-
plex is covered with variegated shales, and Godula or
Inoceramian beds.

Until now, this radiolarian layer has been identified in
the following sites: Wista, Straconce near Bielsko-Biata,
Barnasiowka range, Brody near Lanckorona (Wieser,
1985a, b), Trzeme$nia, Zasan, Weglowka (Wieser,
1982a), Migdzybrodzie near Sanok (Wieser, 1973 and
1982b), the Krzeczkdéwka stream near Przemysl and in
Bystre near Baligrod (Fig. 1). The radiolarian layer is
best recognized and most often described in the Silesian
and Sub-Silesian series.

The most thorough petrographic and geochemical
studies were conducted at outcrops of this layer in Brody,
Trzemesnia, Zasan and Migdzybrodzie. Based on Energy
Dispersive Spectrometry (EDS) tests, the following
chemical elements have been identified: manganese,
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chromium and iron, scandium, rhenium, nickel, indium
and dysprosium. These elements point to the presence of
dust of cosmic origin in the sediments. In this case, a
collided celestial body might be a planetoid.

We have attempted to estimate the time of impact by
K-Ar dating of illite extracted from shales taken just
above the iron-manganese layer. Illites were sorted by the
Jackson method into 4 granular fractions as indicated in
Table 1. The separation into granular fractions and potas-
sium analysis (flame photometry) were performed in the
Institute of Geological Sciences, Krakow, while the ra-
diogenic argon was analysed in the Mass Spectrometry
Laboratory at Maria Curie-Sktodowska University, Lub-
lin. The results of analyses are shown in Table 1. The
analytical uncertainty of K-Ar dating, in terms of relative
standard error, is ca. 1%.

The interpretation of K-Ar dates of illites from the in-
vestigated layer is not unambiguous due to their contami-
nation by older detritic material, which is reflected in
large differences in age of particular fractions. However,
on the basis of the finest illite fraction, we may estimate a
possible age of diagenesis of this layer as (89.31+2.7) Ma.
This date is the mean value for the finest grain fraction.
In calculation of this mean value and standard deviation,
the result for sample Trzemie$nia 6 was rejected, because
this sample was taken from the part of the profile, where
a thrust has been encountered, thereby the sample appar-
ently was contaminated by a younger material, see Ta-
ble 1. Note that the calculated standard deviation of dates
of the finest fraction is only ca. 3 times larger than the
analytical precision which is about 1 Ma. Thus, it is ap-
parent that the dates of the finest fractions are similar and
the calculated mean values are highly significant. How-
ever, a partial argon loss from the finest illite fraction
cannot be excluded.

When considering the results of the illite analyses it is
worth noticing that the established age of the finest illite
fraction is similar to that Cenomanian/Turonian transisi-
tion and it agrees with the age obtained based on zircons
examination by the fission-track method, (91.4+4.7) Ma,
by Van Couvering et al. (1981). On the other hand, the
age of Cenomanian/Turonian boundary is given as 90.4
Ma (Harland et al., 1990) or 93.5 Ma (Gradstein and
Ogg, 2004).

Smaller pieces of the considered planetoid have likely
fallen onto the Carpathian geosyncline terrain. The mi-
croscopic examinations, which have been carried out
recently, confirmed the presence of singular grains of
bronzite in the manganese layer. The above can also be
evidenced by modified quartz grains, of a specific light
extinction, which were observed in Trzemesnia, L.eki,
Zasan and Koninki. Those grains could be suevites which
preserved a relict, post-impact deformation, especially as
some of them have black rims. These rims might be con-
sidered as traces of soot.

In the Outer Carpathians in the Sub-Silesian series,
the site documenting the discussed layer is found in
Zasan, in the upper course of the Zasanka stream. The
rocks of the Sub-Silesian series belong to a belt of tec-
tonic windows present in the Silesian unit just in front of
the Magura overthrust. From the east, they are continued
in the tectonic windows of Wisniowa and Skrzydlna,
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Table 1. K-Ar dates of illite fractions.

Grain size K OArmg. “Araa.  Age

Sample (um) (%) (pmolig) (%) _(Ma)
2-02 2536 9286 912 1997

o 02-005 2843 6487 647 1270
Trzemiesnia 1 — 05— 0,02 2300 4490 587 1092
<002 1640 2861 534 970

2-02 262 9141 880 1908

o 02-005 305 6968 639 1272
Trzemiesnia2a —5 05002 263 4783 513 1019
<002 186 2955 484 894

2-02 2122 6440 849  167.1

o 02-005 278 6261 648 1254
TrzemiesniaS —50e 002 255 4490 563 9.8
<002 186 2756 481 835

2-02 253 9043 884 1952

o 02-005 276 6362 753 1283
Trzemiesnia2 —05 002 233 4162 592 1002
<002 167 2566 567 895

2-02 185 4328 753  130.1

Tremisénias _ 02-005 264 6440 630 1365
005-002 226 3609 512 898

<002 162 2476 504 861

2-02 243 1583 543 372

Trzemiesnia6 02— 005 305 2264 379 424
005-002 2574 1397 296 311

while from the west in the tectonic windows of Myslenice
and Jasienica. The Lower Cretaceous sediments of this
series have, at their top face, a profile of siliceous rocks
with radiolarites, spongiolites, bentonites and manganese
layer.

The profile starts with black shales with rusty coating
and fish pieces. Above, spongiolites occur which turn
upward into greenish and almond radiolarites. The ce-
ment, apart from being chalcedony, can be rhodochrosite.
Moreover, manganese oxides are also often present. Fur-
ther up, there is a 3 cm thick, emerald-green bentonites
layer present, where very fine pieces of micas and quartz
are found.

Above the bentonites a layer of manganese concre-
tions is located. The corns of these concretions are
formed of hard marls with rhodochrosite and outward are
covered with shells of black, non-transparent manganese
oxides and iron hydroxides. Very tiny green and blue
scales of amorphous copper carbonates are often found
there. Above, there are thin layers of white carbonate
gaizes interbedded with bentonites. The profile ends with
radiolarites and spongiolites interbedded with bentonites
and clayey inserts with china-clay, siderite and rhodo-
chrosite.

EDS testing of the iron-manganese layer revealed the
presence of the following oxides in 16-02 site (Fig. 3):
Si0; — 89.56%; ALO; — 2.60%; K,0O — 0.19%; CaO —
0.00%; MgO — 0.12%; TiO, — 0.07%; SO5 — 0.29%; MnO
— 5.78%; Fe,O5 — 11.5%; InO — 0.20% in the upper part
of the layer and SiO, — 6.57%; AlL,O; — 1.47%; K,O —
0.40%; CaO — 0.19%; SO; — 0.45%; MnO — 51.41%;
Fe,05 — 39.14%; NiO — 0.15%; Sc,05 — 0.08%; ZnO —
0.20% in another location.

In the Silesian series (Lanckorona facies), in the out-
crop of the discussed layer in Trzemesnia, above the
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Fig. 3. A piece of rock with the iron-manganese layer from Zasan with
pointed location of sample 16-02 taken for analyses.

6 = :
Fig. 4. A piece of rock with the iron-manganese layer from Trzemie$nia

with pointed locations of samples K-4-1, K-15-2 and K-15-3 taken for
analyses.

Mikuszowice cherts (the uppermost part of the Lgota
beds) there is a complex of thin-bedded radiolarites inter-
layered with black shales which contain organic rem-
nants: shattered skeletons and scales of fish. Here, singu-
lar layers of glauconitic sandstones occur as well. Ca. 7 m
above the top of the Mikuszowice cherts, a 0.5-3.0 cm
thick layer of green bentonite is present. Ceosite has also
been identified in bentonites.

Above, there is a several cm thick layer with manga-
nese concretions present. These nodules are usually
sphere-like. Particular nodules have concentric structures.
The corn typically consists of gray clayey dolomites with
tiny crystals of rhodochrosite which turn into a yellow
aggregate of clayey minerals with pieces of volcanic
glass. Manganese oxides and iron hydroxides make the
concretion surface to be tar-black with a metallic glitter.
Tiny scales and veins of green malachite coating are often
noticed against this black background.

Above the manganese layer, there are spongiolites,
radiolarites, gaizes and singular inserts of tufittes with
feldspars, plagioclases, scales of micas and pieces of
volcanic or post-impact glass.

EDS testing of the iron-manganese layer revealed the
presence of the following oxides in K-4-1 site: SiO, —
4.61%; AlL,Os; — 2.27%; KO — 0.75%; CaO — 2.64%;
MgO - 0.77%; TiO, — 0.08%; SO; — 0.28%; MnO —
84.95%; Fe,03 — 2.02%; ZnO — 1.63%, while at the coat-
ing of the concretion at point K-15-2 these were (Fig. 4):
Si0, — 2.45%; ALO; — 0.94%; K,O — 1.08%; CaO —
1.48%; MgO —2.02%; TiO, — 0.05%; SO; — 0.38%; MnO
— 84.82%; Fe,05; — 5.98%; ZnO — 0.44%; Ni — 0.36%;
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ReO; and Sc,0; have broad culminations, or in another
part of this coating — in point K-15-3: SiO, — 6.70%;
ALO; — 3.54%; K,0 — 0.97%; CaO — 1.46%; MgO —
1.41%; TiO, — 0.09%; SO; — 0.43%; MnO — 80.17%;
Fe,O; — 4.66%; ZnO — 0.36%; Ni — 0.12%; ReO, —
0.10%; Sc,05—0.11%.

The inserts of tuff also occur in the overlying layer of
the Godula variegated shales, e.g. outcropping in the
nearby Begczarka. A similar profile of this layer occurs in
Brody.

The X-ray image (Fig. 5), obtained for ,,bentonite” di-
rectly overlying the iron-manganese layer, points to the
presence of coesite. The latter is a polymorphic variety of
quartz and forms only under influences of high tempera-
ture (500-800°C) and pressure (35 kbar). Temperatures
and pressures of such magnitude can be generated only
during a collision of a cosmic body with Earth. Therefore,
the layer which used to be called by former researchers
“bentonite layer” is in fact an accumulation of impact
products as it is the case of the iron-manganese layer.

4. METEORITE CRATERS IN BELORUSSIA AND
UKRAINE - RESULTS OF THE STUDIES

Anomalous accumulation of elements pointing to a
post-impact nature of the sediments used to be related to
large craters in Logoisk in Belorussia and Boltysh in
Ukraine (Masaitis et al., 1980). These craters are 17 and
25 km in diameter, respectively. The performed examina-
tion of absolute age revealed that the Logoisk crater is
much older than the sediments of the radiolarian layer
and according to our study (Table 2) its age is
(124.241.2) Ma, that is the transition from the Jurassic to
Cretaceous. Until now, its age has been estimated as
(40+5) Ma (Grieve et al., 1995). This allows to conclude
that this impact is reflected in the Carpathians in the Cie-
szyn beds. In the crater’s interior, below the ejecta, glass,
breccia and tagamite (glassy matrix impact melt rocks),
gneiss has been drilled, which seemed to be formed after
the planetoid struck granites of the East European plat-
form. However, examination of micas has not confirmed
the above assumption — gneiss tested by the K-Ar method
revealed (1543.6+£5.3) Ma, that is a possible age of for-
mation of the East European platform granites. It is also
likely that at this depth the temperature during the impact
was not high enough to set the age of micas to zero.

On the other hand, the Boltysh crater, whose age ac-
cording to Grieve ef al. (1995) is (88+3) Ma, whereas in
our study it is established as T = (85.2+0.6) Ma, was
probably formed at the same time as the sediments in the

Table 2. Dates of materials related with East European craters.

. K 40Arrad, 40Arrad. Age
Mineral (W) (pmollg) (%) (Ma)
Biotite from gneiss _ 7.816£0007 33084 9.3 15436£53
Fjectaglass fomthe , g51.0003 4483 698 85206
Boltysh crater
Ejectaglassfromthe , o500 003 6575 542 1242412

Logoisk crater
‘) determined by isotope dilution method in Mass Spectrometry Lab.,
UMCS Lublin
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Fig. 5. A part of X-ray spectrum of Trzemie$nia bentonite with the
presence of the coesyte peak.

profile of the radiolarian shales from Barnasiowka whose
zircon age determined by Van Couvering et al., (1981) is
(91.4+4.7) Ma.

5. CONCLUSIONS

The formation of the radiolarian shales from Barna-
sidowka, which occur in the Silesian series of the Outer
Flysch Carpathians and which formed in the Carpathian
basin at the same time, is isochronous with similar sedi-
ments from other Carpathian units. It comprises green
and black shales, cherts and radiolarites, bentonites and
iron-manganese layers. The test conducted on samples
taken from the iron-manganese and bentonite layers re-
vealed a higher content of the elements which rarely
occur in rocks of the Earth’s crust as shown by EDS
testing.

The present K-Ar examinations of the age of the ra-
diolarian shale formation are not unambiguous, but they
suggest that this layer was formed ca. 90 million years
ago. This result corroborates with the Cenoma-
nian/Turonian boundary. The absolute age of the sedi-
ments sampled from the craters, which could have been
responsible for the presence of traces of extraterrestrial
matter in the radiolarian shales, eliminated a possible
relation to the Logoisk crater. This crater turned out to be
much older, (124.2+1.2) Ma, than the studied Carpathian
sediments. On the other hand, the Boltysh crater is proba-
bly of the same age (85.240.6) as the studied Carpathian
sediments.

REFERENCES

Alexandrowicz SW, 1973. Gaize-type sediments in the Carpathian
flysch. Neues Jahrbuch fiir Geologie und Pal&ontologie, Monatsh.
1: 1-17, Stuttgart.

Arthur MA, Schlanger SO and Jenkyns HC, 1987. The Cenomanian-
Turonian anoxic event, II: Palaecoceaonographic controls on or-
ganic matter production and preservation. In: Brooks J and Fleet
Al, eds, Marine Petroleum Source Rocks. Geological Society Spe-
cial Publication, London, 26: 401-420.

Bak K, Bak M and Paul Z, 2001. Barnasiéwka Radiolarian Shale For-
mation — a new lithostratigraphic unit in the Upper Cenomanian -
lowermost Turonian of the Polish Outer Carpathians (Silesian se-
ries). Annales Societatis Geologorum Poloniae 71: 75-103.

Bieda F, Geroch S, Koszarski L, Ksiazkiewicz M and Zytko K, 1963.
Stratigraphie des Karpates externes polonaises (Geological re-
search in the Carpathians). Biuletyn Instytutu Geologicznego 181:
5-174.

21

Bralower TJ, 1988. Calcareous nannofossil biostratigraphy and assem-
blages of Cenomanian-Turonian boundary interval; implications
for the origin and timing of oceanic anoxia. Paleoceanography 3:
275-316.

Burtanéowna J, Ksiazkiewicz M and Sokotowski S, 1933. O wyste-
powaniu lupkéw radiolarytowych w kredzie $redniej Beskidow
Zachodnich (On occurrence of radiolarian shales in the Middle
Cretaceous deposits of the Western Beskidy Mts.). Annales de la
Société Géologique de Pologne 9: 96-99 (in Polish with German
summary).

Burtan J and Ciszewska K, 1956. Szczegélowa Mapa Geologiczna
Polski, 1:50,000; arkusz Bochnia (Detailed Geological Map of Po-
land in scale 1:50,000; Bochnia sheet). Panstwowy Instytut Geolo-
giczny, Warszawa (in Polish).

Burtan J and Turnau-Morawska M, 1978. Biochemiczne skaty krze-
mionkowe Zachodnich Karpat fliszowych (Biochemical siliceous
rocks of the West Carpathian Flysch). Prace Geologiczne Polskiej
Akademii Nauk — Oddzial w Krakowie 111: 1-36 (in Polish with
English summary).

Elder WP, 1987. The paleoecology of the Cenomanian-Turonian (Cre-
taceous) stage boundary extinctions at Black Mesa, Arizona.
Palaios 2: 24-40.

Gradstein FM and Ogg JG, 2004. Geologic time scale 2004 — why, how,
and where next! Lethaia 37: 175-181.

Geroch S, Guewa I and Wieser T, 1985. Manganese nodules and other
indications of regime and ecological environment in lower part of
the Upper Cretaceous — exemplified by Lanckorona profile. In:
Wieser T, ed., 13" Congress of Carpatho-Balkan Geological As-
sociation: Fundamental researches in the western part of the Pol-
ish Carpathians, Guide to Excursion I. CBGA XIII Congres, Cra-
cow 1985: 88-100.

Grieve R, Rupert J, Smith J and Therriault A, 1995. The record of
terrestrial impact cratering. GSA Today 5: 189, 194-196.

Gucik S, Gucwa I and Wieser T, 1983. Bogate w mangan i zelazo skaty
weglanowe tupkow spaskich okolic Cisowej (Manganese- and iron
rich carbonate rocks of Spas shales in the Cisowa vicinity). Spra-
wozdania z posiedzen naukowych Instytutu Geologicznego. 1G
Warszawa: 437-438 (in Polish).

Guewa 1, 1966. Results of geochemical examinations of radiolarian
shales from Niedzwiada, near Ropczyce. Kwartalnik Geologiczny,
10: 1047-1059 (in Polish, English summary)..

Harland WB, Armstrong RL, Cox AV, Craig LE, Smith AG and Smith
DG, 1990. 4 Geologic Time Scale 1989, Cambridge Univ. Press:
263 pp.

Kauffman EG, 1984. The fabric of Cretaceous marine extinctions, In:
Berggren WA and Van Couvering JA, eds, Catastrophes and
Earth History: The New Uniformitarianism. Princeton, New Jer-
sey, Princenton University Press: 151-246.

Kauffman EG, 1986. High-resolution event stratigraphy: regional and
global Cretaceous bio-events, In: Walliser OH, ed., Lecture Notes
in Earth Sciences, Global Bio-Events. Springer-Verlag: 279-335.

Koszarski L, Nowak W and Zytko K, 1959. W sprawie wieku warstw
godulskich. (Notes on the age of the Godula Beds, Carpathians
Flysch). Kwartalnik Geologiczny 3: 127-151 (in Polish with Eng-
lish summary).

Kotlarczyk J, 1978. Stratygrafia formacjii z Ropianki (fm) czyli warstw
inoceramowych w jednostce skolskiej Karpat fliszowych (Strati-
graphy of the Ropianka Formation or of Inoceramian Beds in the
Skole Unit of the Flysch Carpathians). Prace Geologiczne Polskiej
Akademii Nauk — Oddzial w Krakowie 108: 1-81 (in Polish with
English summary).

Ksiazkiewicz M, 1951. Objasnienia do arkusza "Wadowice" Szczego-
towej Mapy Geologicznej Polski 1:50,000 (Explanation to the Wa-
dowice sheet of the Detailed Geological Map of Poland in scale
1:50,000). Warszawa, Panstwowy Instytut Geologiczny: 228 pp.
(in Polish).

Lopez DE, McCartney K and Buzyna G, 1988. A model of correlated
episodicity in magnetic-field reversals, climate, and mass extinc-
tion. The Journal of Geology 96: 1-16.

Masaitis VL, Danilin AN, Mashchak MS, Raykhlin Al, Sielivanovskaya
TV and Shadekov YM, 1980. Geologia astroblem (The geology of
astroblemes). Nedra: 231 pp. (in Russian).

Montanari A and Koeberl Ch, 2000. Impact Stratigraphy: the Italian
record. Lecture Notes in Earth Sciences 93 Springer, Heidelberg-
Berlin: 364 pp.



POST-IMPACT MATERIAL IN OUTER CARPATHIANS

Orth CJ, Attrep M, Mao XY, Kauffman EG, Diner R and Elder WP,
1988. Iridium abundance maxima in the upper Cenomanian extinc-
tion interval. Geophysical Research Letters 15: 346-349.

Paul Z and Wieser T, 2002. Pochodzenie i zwiazki genetyczne konkrecji
manganowych, tuféw i radiolarii z cenomansko-turonskich warstw
radiolariowych z zewngtrznych Karpat fliszowych. (Origin and
genetic relation of manganese concretion, tufittes and radiolarians
from the Cenomanian to Turonian radiolarian layers in the Outer
Flysch Carpathians). Posiedzenia Naukowe PIG 59: 84-86 (in Pol-
ish).

Poag CW, 1997a. The Chesapeake Bay bolide impact: a convulsive
event in Atlantic Coastal Plain evolution. Sedimentary Geology
108: 45-90.

Poag CW, 1997b. Roadblocks on the kill curve: Testing the Raup
hypothesis. Palaios 12: 582-590.

Raup DM and Sepkowski JJ Jr, 1986. Periodic extinction of families
and genera. Science 231: 833-836.

Sawlowicz Z, 1993. Iridium and other platinium-group elements as
geochemical markers in sedimentary environments. Palaeo-
geography, Palaeoclimatology, Palaeoecology 104: 253-270.

Sepkowski JJ Jr, 1990. The taxonomic structure of periodic extinction.
Geological Society of America Special Papers 247: 33-44.

Styrnatowna M and Cizancourt de H, 1925. O budowie geologicznej
okolicy Rybnika nad Stryjem (About geology in Rybnik near Stryj
River). Kosmos 50: 13-30 (in Polish).

Sujkowski Z and Rozycki SZ, 1930. Znalezienie typowych radiolarytow
w Karpatach Wschodnich (Discovery of typical radiolarians in the
Eastern Carpathians). Posiedzenia Naukowe Panstwowego Instytu-
tu Geologicznego 25: 14-15 (in Polish).

22

Sujkowski Z, 1931. Sprawozdanie z badan petrograficznych w Karpa-
tach w r. 1930 (Report on petrographic examinations in the Carpa-
thians in 1930). Posiedzenia Naukowe Panstwowego Instytutu Ge-
ologicznego 29: 32-33 (in Polish).

Uli¢ny D, Hladikova J, Moses JA Jr, Cech S, Hradecka L and Svobo-
dova M, 1997. Sea-level changes and geochemical anomalies
across the Cenomanian-Turonian boundary: Pecinov quarry, Bo-
hemia. Palaeogeography, Palaeoclimatology, Palaeoecology 132:
265-285.

Van Couvering JA, Aubry MP, Berggren WA, Bujak JP, Naeser CW
and Wieser T, 1981. The terminal Eocene event and the Polish
Connection. Palaeogeography, Palaeoclimatology, Palaeoecology
36:321-362.

Wieser T, 1973. Klinoptylolit w tupkach radiolariowych cenomanu z
Migdzybrodzia k. Sanoka (Clinoptyllolite in the Cenomanian ra-
diolarian shales at Migdzybrodzie near Sanok). Kwartalnik Ge-
ologiczny 17: 651-652 (in Polish).

Wieser T, 1982a. Manganiferous carbonate micronodules of the Polish
Carpathian flysch deposits and their origin. Mineralia Polonica 13:
25-42.

Wieser T, 1982b. Barites and celestobarites in the flysch of the Polish
Carpathians. Archiwum Mineralogiczne 38: 13-25.

Wieser T, 1985a. Birnesite micronodules in the Polish Carpathian flysch
deposits. Mineralia Polonica 16: 23-34.

Wieser T, 1985b. The teschenite formation and other evidences of
magmatic activity in the Polish Flysch Carpathians and their geo-
tectonic and stratigraphic significance. In: Wieser T, ed., Funda-
mental researches in the western part of the Polish Carpathians.
Guide to excursion I. CBGA XIII Congres, Cracow 1985: 23-36.



