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Mineralogical and petrographic
characteristic of basic types of Turonian
flints from the north-eastern margin

of the Holy Cross Mountains:

a preliminary report

Marcin Szeliga® and Miltosz Huber”

This paper presents the preliminary results of mineralogical-petrographical investigations
of several basic types of Turonian flints from the north-eastern margin of the Holy Cross
(Swictokrzyskie) Mountains. To discriminate the character and degree of individual types of
flints based on their mineralogic and petrographic features, microscopic analyses of series of
representative samples of flint raw material from different parts of the Turonian outcrops and
archaeological artefacts found at the early Neolithic site in Tominy (Opatéw district) were per-
formed. The microscopic investigations were conducted using a petrographic microscope and
a scanning electron microscope (SEM—EDS). The results enable us to determine some charac-
teristic properties of individual types of Turonian flints, and to identify the so-called Zawada
flint in the Linear Pottery Culture inventory from Tominy.

KEY-WORDS: Turonian flints, Holy Cross (gwiqtokrzyskie) Mountains, Early Neolithic,
Linear Pottery Culture, Microscopic analysis, SEM—EDS

The presence of flint-bearing cretaceous sediments within the north-eastern, Mesozoic
margin of the Holy Cross (Swif;tokrzyskie) Mountains is limited, in greatest extent,
to its eastern part, covering the fairly small area on both sides of the middle reaches
of Vistula River (Fig. 1). These sediments are represented primarily by white and gray
siliceous limestones and, to a lesser extent, by detrital bryozoan limestones, geneti-
cally linked with the sedimentation processes of the Lower Turonian transgression
(Samsonowicz 1934a: 46—49, 1934b; Pozaryski 1948: 36—39; Ztonkiewicz 1994: 22-23;
1998; Michniak and Budziszewski 1995a: 15-17). The coexisting flint outcrops occur as
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Fig. 1. Geological structure of the sub-Quaternary sediments of the north-eastern margin of the Holy
Cross Mountains (1 — Jurassic; 2 — Lower Cretaceous and Cenomanian; 3 — Turonian; 4 — Coniacian-
Upper Maastrichtian) with the range of occurrence of the basic types of Turonian flints with the loca-
tion of analysed samples (5 — Goscieradéw flint; 6 — Swieciechéw flint; 7 — Janikéw flint; 8 — Ozaréw
flint; 9 — Zawada flint). Places of origin of analysed samples: a — surface concentraction of flint raw
material; b — quarry; ¢ — prehistorical flint mines; d — archaeological site 6 in Tominy (geological
structure: after Pozaryski 1997, with Authors modifications; location of the outcrops of flints: after

Samsonowicz 1934b; Michniak and Budziszewski 1995: Fig. 6; Libera and Zakoscielna 2002: Ryc. 1).

primary deposits (within fairly numerous quarries) and as secondary surface deposits,
defaulting in ceiling parts of Turonian rocks. These secondary deposits were a signifi-
cant source of archaeological material during the Neolithic and Bronze Age (Balcer
1971: 118; 1976: 192-195; Budziszewski 1980: 604; 1986: 75—78; Fig. 1).

Despite the limited geographic range and lithological variety of Turonian sediments
in the studied area, flints occurring therein show a significant degree of macroscopic
diversity, particularly in color and transparency of primary mass and the nature and
thickness of the cortex. These features were the primary criterion for almost all previous
attempts of classification of this group of raw materials (Krukowski 1920: 195; Krzak
1965: 222, 1970: 292—295; Balcer 1975: 45—53; Libera and Zakoscielna 2002: 96-100),
leading to isolation of many local visual varieties (e.g. Goscieradéw flint, Janikéw flint,
Ozaréw flint, Swieciechéw flint or Zawada flint) with very diverse range of occurrence
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Table 1. Basic data for analysed samples of Turonian flints of the north-eastern margin of the Holy
Cross Mountains.

Macroscopic clas-

Z 111

of natural flint
concretions

Number of Type .. . . .
P Place of origin of samples sification of flint
sample of sample .
raw material
Swieciechéw, surface of
G113 . .
a prehistoric flint mine
Goscieradéw flint
G Goécieradéw, surface concentration of
4 flint raw material
J 1= Fragments Janikéw, a present quarry Janikéw flint

Ozaréw, Za Garncarzami’ field, surface
of a prehistoric flint mine

Ozaréw flint

Swieciechdéw, surface of
a prehistoric flint mine

Swieciechéw flint

Zawada, surface concentration of flint
raw material

Zawada flint

T1-n

Flint artefacts

(flakes)

Tominy site 6, settlement objects from
the early Neolithic (Linear Pottery
Culture)

Zawada flint (?)

(Fig. 1). Unfortunately, only a few of them can generally be identified in archaeological
contexts, regardless of state of preservation and size of the artifacts, because of unclear
and ambiguous descriptions of their physical properties. The existing classifications only
occasionally were confirmed by petrographic analyses and, however its range was limited,
focusing only on selected varieties of flints from areas located on the left (Stawin 1970:
tab. 7-8; Michniak 1980: 85-86) or right (Balcer 1975: 47-48) bank of Vistula did not
lead to identification of diagnostic differences between particular varieties.

THE AIM OF THE STUDY

The main objective of the study presented here was to achieve a preliminary mineral-
ogical and petrographic characterization of these varieties of Turonian flints, process-
ing and use of which was confirmed in the Stone Age and Bronze Age'. The present
study was based on the analysis of 28 geological samples (i.e. concretions fragments)
representing the following varieties: Goscieradéw flint (G), Janikéw flint (J) Ozaréw

' The research was funded by National Science Centre in Poland (No DEC-2011/03/N/HS3/02016).
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flint (O), Swieciechéw flint (S) and Zawada flint (Z; Table 1). Particular emphasis was
directed toward identification of all diagnostic properties of particular visual varieties
from the standpoint of their suitability for the identification in archaeological mate-
rials. For this purpose, further analysis was conducted on an additional 11 artifacts
(‘T samples) from the settlement of Linear Pottery culture (hereinafter LPC) site
6 in Tominy, Opatéw district (Fig. 1) because the macroscopic properties of these
artifacts suggested that they may have come from the outcrop in Zawada, about 100
m to the north (Fig. 2g—h). The objective of the study was to verify this convergence
at the mineralogical and petrographic level in regard to Zawada flint samples.

MATERIALS AND METHODS

Thin sections and polished sections from 28 samples were analyzed. They were exam-
ined using a Leica DM 2500 P petrographic microscope in reflected and transmitted
light, and also by use of a Hitachi SU6600 with EDS addition scanning electron
microscope without spraying (SEM—EDS). The aim of the analyses was to determine
the structure, texture and mineralogical composition of samples and to obtain infor-
mation about the presence of mineral inclusions.

RESULTS OF THE STUDY

Goscieradéw flint (GI-G4 samples)

This flint variety occurs on the right bank of the Vistula River, most commonly in
the vicinity of Goscieradéw, Krasnik district (Fig. 1), in various physical sizes as sur-
face concentrations of fragmented concretions eroded from primary deposits, often
accompanied by rubble of weathered rocks (Balcer 1971: 75; Libera and Zakoscielna
1987: 40). Concretions are large (up to 30—40 cm in diameter) ovoid in shape, and
relatively thick with smooth cortex. The basic mass of silica is dark gray with the
presence of very slight, bright spotting and — especially characteristic — whitish and
ashy irregular spots with diameters of several tens of millimeters. The basic mass
and cortex are separated by a light gray transition zone with a thickness of 0,5—1 cm.

Fig. 2. Macroscopic differentiation of basic types of Turonian flints of the north-eastern margin

of the Holy Cross Mountains: A — Goscieradéw flint; B — Janikéw fling; C — Ozaréw fling;

D-E — Swieciechéw flint; F — Zawada flint; G — selected polished cross-sections obtained from
concretions of the Zawada flint; H — selected polished cross-sections obtained from the flint artefacts
(flakes) found on the archaeological site 6 in Tominy.

A-B, E — photo: M. Szeliga; C-D, F—H — photo: T. Wisniewski.
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Previous archaeological studies indicated the use of this variety of flint from the
late Paleolithic to Neolithic (Kadrow and Klosiriska 1989: tab. 2; Zakoscielna 1996:
tab. 43; Libera 2002: 31—44). The samples analyzed and reported here were obtained
from the surface of prehistoric flint mine in Swieciechéw, Krasnik district (G1—3)
and arable fields in the area of Goscieradéw (Gg4; Fig. 1; Table 1).

Microscopic analysis revealed the presence of oxides and hydroxides of iron
and manganese oxides, forming black ‘dots’ in tested samples (Fig. 3a). These
are the two types of grains: small spherical aggregations and single, recrystallized
grains, which are accompanied by pyrite. In the background also are crystals
of chalcedony, calcite and microfossils (Fig. 3a). Chalcedonic aggregates form
spherically-shaped concentrations possibly corresponding to discoloration vis-
ible in macroscopic images of tested samples. Foraminifera bioclasts also were
found (Fig. 3a) and in the cortical area there also are a number of calcite grains.
These data were confirmed by SEM-EDS research, which also identified the
presence of aluminosilicates and undefined compounds of iron and manganese,
infrequent (especially in non-cortical areas of samples) scattered grains of dolo-
mite and calcite, as well as sulfate (gypsum).

Janikéw flint (JI-]5 samples)

The occurrence of this flint coincides with the range of detrital bryozoan lime-
stones, defaulting on a small area of Turonian outcrops on the left bank of
the Vistula (Fig. 1). The largest exposed deposits occur at a quarry in Janikéw,
Opatéw district, where concretions form a series of a dozen of regular layers,
each separated by intervals of several tens of centimeters (e.g. Samsonowicz
1934a: 46—47; Pozaryski 1948: 37; Balcer 1975: 53; Michniak 1980: 83; Michniak
and Budziszewski 1995b: 50, Fig. 25). Concretions are oval or strongly flattened,
irregular and frequently occur in gnarled or jagged shapes. They are covered by
quite thick, rough, light beige cortex, with the primary mass of silica a gray-
brown or brown color containing numerous bright spots up to several millimeters
in diameter (Fig. 2b). Previous studies suggested incidental and only local use of
this variety of flint during the Late Neolithic and Early Bronze Age (Balcer 1975:
53; Michniak and Budziszewski 1995b: 52). All tested samples were obtained from
quarry in Janikéw (Table 1).

Macroscopic analysis revealed opal-chalcedony background of these rocks
containing fossils (foraminifera) that often were filled with iron oxides and
hydroxides (Fig. 3b) or carbonates (especially closer to the cortex). SEM-EDS
research indicates the presence of alkali feldspar (Fig. 4: a) and calcite, impurities
of manganese and iron oxides and small undefined admixture of barite (Fig. 4d).
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Fig. 3. Microphotographs of selected samples of Goscieradéw flint (A), Janikéw flint (B), Ozaréw flint
(C), Zawada flint (D-E) and selected artefact from Tominy (F) made using a polarized microscope in
transmitted (B) and reflected light (A, C-D; A-D — crossed Nicols), as well as using back-scattered

electrons (BSE) technique by scanning electron microscope with location of places of punctual anal-
yses (E-F). Symbols: brt — barite, cal — calcite, cha — chalcedony, hem ? — iron compounds, probably

hematite, Mn — compounds of manganese, py — pyrite. Individual sample numbers appear in the top
right corners of each microphotograph. Photo: M. Huber.
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Fig. 4. EDS spectra of selected samples of Janikéw flint (a, d), Ozaréw flint (b—c, €) and Swieciechéw
flint (f-h). Prepared by: M. Huber.
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Ozaréw flint (O1-O4 samples)

'This flint occurs within a small area on left bank of Vistula River, in the immediate
vicinity of Ozaréw, Opatéw district (Fig. 1), in large and very large® oval or flat-
tened concretions with thick and rough white colored cortex (Krzak 1970: 292—295;
Budziszewski 1995: 45, Fig. 23). It is has an uneven primary mass color, including
different shades of gray which creates a distinctive mottled texture (Fig. 2¢). Inci-
dental and only local processing and use of this material has been suggested for
early Neolithic with the greatest popularity attained during the early Bronze Age,
during which relics of quarry and related workshops for the manufacture of sickles
and axes were discovered at the site “Za Garncarzami’ in Ozaréw, Opatéw district
(Budziszewski 1980: 604; 1986: 75—78). All samples analyzed for purposes of this
article were obtained from fragments of natural concretions defaulting on the surface
of this site (Table 1).

Analysis of samples in transmitted and reflected light revealed spherical and
streak concentrations of chalcedony of varying degree of crystallinity and the pres-
ence of small inclusions of iron and manganese oxides, as well as bioclastic (crushed
detritus of mollusk shells) constituents. In the background rhombic grains of calcite
were identified, as well as single grains of iron and manganese oxides (Fig. 3c). SEM—
EDS research confirmed the presence of K-feldspar-like phase, mica and apatite
inclusions, and also iron compounds (oxides, hydroxides). In the case of sample
Oz2 the analysis also revealed a high amount of fluorine, with a minimal calcium
content (Fig. 4¢). Determination of its nature and phase requires further research.
Small amounts of titanium, nickel, zinc, and copper of indeterminate phase (Fig.
4b, e) also was identified in the samples tested. The titanium and nickel may derive
from silicates or oxides, whose presence was recognized in a previous study of this

kind of flint (Michniak 1980: Tab. 1).

Swieciechdw flint (S1-S4 samples)

This variety of flint occurs on the right bank of Vistula River, where there are
several known areas of secondary, surface concentrations of concretions®. The larg-
est of them (about 180 ha) was recorded in Swieciechéw, Kraénik district, while

* Concretions usually reach a diameter of up to several tens of centimeters. In the profile of one of the
quarries in Karsy, north of Ozaréw, flattened concretions at least 12 meters long and several tens of
centimeters thick have been documented (Budziszewski 1980: Fig. 618).

3 Primary deposits of this raw material were documented during geological surveys in 1st half of 20th
century. In one of the Swieciechéw quarries it occurred as large (diameter up to so cm), flattened
concretions, occurring in the rock about 2 meters below the surface (Samsonowicz 1924: 100). The
primary deposit also was observed in a road cut near the local cemetery (Pozaryski 1948: 47). Despite
later attempts (Balcer 1971: 93, 1976: 184), we failed to re-locate the primary deposits of this variety of
flint and verify previous observations.



92 | Szeliga and Huber

the remaining, much smaller, is located near Rachéw Nowy, Krasnik district, and
Wymystéw, Ostrowiec Swigtokrzyski district (Fig. 1). Outcrops in Swieciechéw and
in Rachéw Nowy were connected with relics of intensive mining and processing
activity in the Neolithic, Bronze Age and early Iron Age (Balcer 1971: 118; 1976:
192-195; Bargiet and Libera 1996: 37—38).

The silica primary mass of this flint is characterized by gray and olive-gray colors
(Fig. 2d) and various shades of gray often co-occur with each other (Fig. 2¢). The
primary mass contains white or yellowish calcite precipitates (Balcer 1975: 47—48)
and slightly less frequently, small spots a few millimeters diameter. The contact junc-
ture between the silica primary mass and the surrounding rock has a rough textured
white or light beige surface of varying thickness (Fig. 2d). Fragments of concretions
found on the surface may not preserve this contact juncture because of smoothing
and polishing resulting from aeolian processes. The presence of aeolized natural
faces is one of the diagnostic macroscopic properties of this variety (Samsonowicz
1924: 99—100; Krzak 1965: 220; Balcer 1971: 110111, 1975: 50; Libera and Zakoscielna
2002: 96). The use of Swieciechéw flint has been suggested for the Paleolithic and
Mesolithic (e.g. Cyrek 1981: Fig. 24—25; Libera, 2002: 31-34; Kaczanowska and
Koztowski 2005: Fig. 5—6), but the most intense processing and use took place
in the Neolithic, during development of the Funnel Baker Culture (Balcer 1976:
192-195). All samples of this variety analyzed in the present study, represent frag-
ments of natural concretions collected from the surface of a Neolithic quarry in
Swieciechéw (Table 1).

SEM analysis of the background of silica represented by concentrations of chal-
cedony (in varying degree of crystallinity) revealed visible fillings composed by
chalcedony with admixture of opal. Calcite and clay minerals crystals occur in
the background, forming irregular concentrations, along with a few ore minerals
(pyrite and iron oxides), isolated parts of bioclastic content (e.g. foraminifera, nee-
dles of sponges) and single grains of feldspar. In some specimens micro-faults filled
by recrystallized quartz and opaque minerals are visible. Therefore, characteristic
discolorations occurring in these flints may be the result of concentration of clay
minerals, carbonate crystals and secondary epigenetic quartz (with a much lower
share of coloring iron compounds). SEM—EDS analyses also revealed the presence
of apatite, aluminosilicates and manganese oxides. In some samples were found
small admixture of barite and titanium (Fig. 4g), as well as lead and zinc - most

likely as sulphides (Fig. 4f, h).

Zawada flint (ZI-Z11 samples)

So far, the existence of this variety of flint is confined to a small quarry in Zawada,
Opatéw district (Budziszewski and Michniak 1989: 151; Szeliga 2014: 90, Fig. s:
A-B), backfilled during 2006. At the present time only a concentration of eroded
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Fig. 5. EDS spectra of selected samples of Zawada flint (a—c, €) and artifacts (“T” samples) from site 6
in Tominy (d, f~g). Prepared by: M. Huber.
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flint concretion fragments remain, on the surface in the immediate vicinity of the
quarry (Fig. 1). These fragments represent quite regular, round and slightly flattened
shape of concretions, often reaching considerable size and weight, covered with thick
(although easy to rub away) white and yellowish cortex. The primary mass of silica
is dark gray, occasionally brightened toward the centre of the concretion, where it is
noticeably tarnished. Within it occur quite regular, bright spots, up to several mil-
limeters in size, sometimes taking the form of intensive mottling. Its characteristic
feature is the presence of a thin (2—4 mm), generally brown or dark purple (some-
times black) layer between the primary mass and cortex (Fig. 2f~g). The presence
of this feature provided the basis for our idenfication of this material in LPC flint
inventory from nearby site 6 in Tominy (Fig. 1; 2h). All analyzed geological samples
of this variety come from the surface outcrop in Zawada (Table 1).

The analysis of microscopic images revealed the presence of sulphides (pyrite occur-
ring as euhedral crystals accompanyied by oxides and hydroxides of iron) visible on the
background of numerous concentrations of chalcedony, including siliphicated organic
fossils (foraminifera). In the background are crystals of calcite, along with single grains
of feldspar (plagioclase) and quartz. SEM—EDS analysis also revealed the presence of
apatite, pyrite and barite (Fig. 3d—e; sa—b), with barite between the grains of pyrite
and iron compounds. In those rocks there are also carbonates of glauconite-like phase.
Inclusions of fluorspar also were identified, and certain undefined admixture-of tita-
nium and nickel (Fig. sc, e).

Archaeological samples from Tominy (T1-T11)

SEM analysis was conducted on 11 flakes from LPC context at site 6 in Tominy,
located approx. 100 m south of the outcrop in Zawada (Fig. 1), verify to the distinct
convergence of macroscopic features of artifacts with Zawada flint.

Microscopic analyses revealed a large amount of pyrite, visible on the background
of studied samples (similar to samples of Ozaréw flint), although in this case the
sulphides have anhedral forms. Oxides and hydroxides of iron and numerous con-
centrations of chalcedony were observed, as well as calcite and quartz. SEM-EDS
analysis also revealed the admixture of barite, which lie between the grains of pyrite
and iron compounds (Fig. 3f; sd). The presence of undefined admixture of cobalt,
bismuth, titanium and strontium also was confirmed, as well as concentrations of
barite, phosphates and aluminosilicates (Fig. sd, f~g).

CONCLUSIONS

The results of microscopic research reported here, including SEM-EDS, are in accord
with the results of previous mineralogical analyses (Stawin 1970: Table 7-8; Balcer
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1975: 47—48; Michniak 1980: 85-86). Despite the increasing knowledge about the
nature and mineralogical and petrographic diversity of basic varieties of Turonian
flints in the north-eastern margin of the Holy Cross (Swigtokrzyskie) Mountains,
microscopic analyses failed to capture the significant differences in mineral composi-
tion of analyzed samples, each time revealing the dominant content of silica group
minerals, and presence of different admixture, represented by oxides and hydroxides
of iron and manganese, as well as aluminosilicates, apatite, pyrite, and also calcite
(especially nearby the cortex). Current data do not reveal unequivocal diagnostic
features to allow unambiguous correspondences between archaeological materials and
flint raw materials originating in particular exposures of Turonian outcrops.

Despite the large mineralogical convergence of tested samples, this study cap-
tured some individual features, manifested by greater or lesser intensity within
different varieties of Turonian flints. These data allow positive promise for the
future, revealing at the same time the need to broaden the scope of research with
more samples and additional chemical analyzes (e.g. ICP-MS), aimed at more
precise specification and quantification of the admixture-of various minerals (sul-
phide, sulphate, including barite) and metals (e.g. manganese, lead, zinc, copper
and strontium; see Fig: 4b, d, f, h; 5) identified here. The need for more precise,
quantified corroborative analyses also applies to the observed mineralogical con-
vergence between the samples of Zawada flint (Z1—11) and a series of archaeological
samples from site in Tominy (T1-11), manifested primarily in the coexistence of
pyrite grains with characteristic skeleton-like shape filled with barite, the presence
of undefined compounds of titanium and other metals (Fig. 5), and enhanced
of transition zone between the cortex and primary mass of silica by oxides and
hydroxides of iron. Regardless, we conclude that the convergence of these micro-
scopically generated features are sufficient to identify the outcrop in Zawada as the
place of origin of the raw materials used in production of artifacts analyzed from
site 6 at Tominy, confirming the knowledge, processing and use of Zawada flint
by local early agrarian communities at the turn of the 6th and sth millennia BC.
'This findings from Tominy represents the only instrumentally-based confirmation
of processing and use of Zawada flint in prehistory.

Translated by Tomasz Mysliwiec

ACKNOWLEDGEMENTS

The Authors wish to thank Mr Andrzej Szumny for preparing thin sections and
polished sections for research and Mr Tadeusz Wisniewski for taking some of the

photographs.



96 | Szeliga and Huber

REFERENCES

Balcer, B. 1971. Kopalnia krzemienia w Swieciechowie-Lasku, pow. Krasnik w éwietle badari 1967 r.
Wiadomosci Archeologiczne 36: 71-132.

Balcer, B. 1975. Krzemiert swieciechowski w kulturze pucharéw lejkowatych. Eksploatacja, 0brdbka i rozprze-
strzenienie. Wroctaw—Warszawa—Krakéw—Gdansk.

Balcer, B. 1976. Position and Stratigraphy of Flint Deposits, Development of Exploitation and Importance
of the Swieciechéw Flint in Prehistory. Acta Archaeologica Carpathica 16: 179-199.

Bargiet, B. and Libera, J. 1996.Wyniki badan pracowni nakopalnianej w Nowym Rachowie. Archeologia
Polski Srodkowowschodniej 1: 35-48.

Budziszewski, J. 1980. Ozaréw, Gemeinde Lece, “Za garncarzami’, Wojw. Tarnobrzeg. In G. Weisgerber,
R. Slotta and J. Weiner (eds), 5000 Jahre Feuersteinbergbau. Die Suche nach dem Stahl der Steinzeit,
603—605. Bochum.

Budziszewski, J. 1986. Exploration oftheminingfield “Zagarncarzami’ in Ozaréw, Tarnobrzegvoivodship.
Preliminary report. In K. T. Bird (ed.), Papers for the I International Conference on Prebistoric
Flint Mining and Lithic Raw Material Identification in the Carpathian Basin, Budapest — Siimeg,
20—22 May, 1986, vol. 1, 69-82. Budapest.

Budziszewski, J. 1995. Exposure with Lower Turonian flints in Karsy, Tarnobrzeg district. In J. Budzisze-
wski and R. Michniak (eds), Guide-Book of Excursion 2: Northern Footslopes of Holy Cross Moun-
tains VIIth International Flint Symposium. Warszawa-Ostrowiec Swigtokrzyski. 4—8 September 1995,
45—47. Warszawa.

Budziszewski, J. and Michniak, R. 1989. Z badani nad wystgpowaniem, petrograficzng natura oraz
prahistoryczna eksploatacja krzemieni pasiastych w poludniowym skrzydle niecki Magon-
Folwarczyska. Wiadomosci Archeologiczne 49: 151-190.

Cyrek, K. 1981. Uzyskiwanie i uzytkowanie surowcéw krzemiennych w mezolicie dorzeczy Wisly i gornej
Warty. Prace i Materialy Muzeum Archeologicznego i Etnograficznego w Lodzi 28: 5-108.

Kaczanowska, M. and Koztowski, J.K. 2005. Limportance de silex de Swieciechéwdansl’ Age de la Pierre:
indicateur de changements de relations culturellesautour des Carpates occidentals. Praehistoria 6:
71-83.

Kadrow, S. and Klosiriska, E. 1989. Obiekt kultury lubelsko-wotyriskiej na stanowisku 10 w Earicucie.
Sprawozdania Archeologiczne 40: 9—25.

Krukowski, S. 1920. Pierwociny krzemieniarskie gérnictwa, transportu i handlu w holocenie Polski.
Whioski z wlasciwosci surowcéw i wyrobdw. Wiadomosci Archeologiczne s: 185—206.

Krzak, Z. 1965. Tymczasowa charakterystyka kopalni krzemienia w Swieciechowie. Archeologia Polski 10:
217-233.

Krzak, Z. 1970. Wstepna charakterystyka kopalni krzemienia w Ozarowie Opatowskim. Archeologia
Polski 15: 291-303.

Libera, J. 2002. Wykorzystanie krzemienia $wieciechowskiego i goscieradowskiego w paleolicie
schylkowym i mezolicie w migdzyrzeczu Wisty i Bugu oraz w dorzeczu Sanu (zarys problematyki).
In B. Matraszek and S. Satacinski (eds), Krzemieri swieciechowski w pradziejach, 29—49. Warszawa.

Libera, J. and Zakoscielna, A. 1987. Zloza krzemieni turoniskich na prawobrzezu srodkowej Wisty
w $wietle badad AZP. In J. Gurba (ed.), Sprawozdania z badar terenowych Katedry Archeologii
UMCS w 1987 roku, 39—47. Lublin.

Libera, J. and Zakoscielna, A. 2002. Ztoza krzemieni turofiskich w przelomowym odcinku Wisty.
In B. Matraszek and S. Sataciriski (eds), Krzemiern swieciechowski w pradziejach, 93-109. Warszawa.

Michniak, R. 1980. Petrografia i geneza ciemnych krzemieni z dolnoturonskich osadéw okolic Ozarowa
nad $rodkowa Wista. Archiwum Mineralogiczne 36: 83—106.



Mineralogical and petrographic characteristic of basic types | 97

Michniak, R. and Budziszewski, J. 1995a. Siliceous rocks of the North-Eastern Mesozoic margin of the
Holy Cross Mountains. In J. Budziszewski and R. Michniak (eds), Guide-Book of Excursion 2:
Northern Footslopes of Holy Cross Mountains VIIth International Flint Symposium. Warszawa-
Ostrowiec Swigtokrzyski. 4—8 September 1995, 11-19. Warszawa.

Michniak, R. and Budziszewski, J. 1995b. Exposure with Lower Turonian flints in Janikéw, Tarnobrzeg
district. In J. Budziszewski and R. Michniak (eds), Guide-Book of Excursion 2: Northern Footslopes
of Holy Cross Mountains VIIth International Flint Symposium. Warszawa-Ostrowiec Swigtokrzyski.
4-8 September 1995, s0—52. Warszawa.

Pozaryski, W. 1948. Jura i kreda migdzy Radomiem, Zawichostem i Krasnikiem. Warszawa.

Pozaryski, W. 1997. Tektonika powaryscyjska obszaru $wigtokrzysko-lubelskiego na tle strukeury podtoza.
Przeglad Geologiczny 45: 1265-1270.

Samsonowicz, ]. 1924. Odkrycie pierwotnych z46z krzemienia ,szarego bialo nakrapianego”. Wiadomosci
Archeologiczne 9: 99—101.

Samsonowicz, J. 1934a. Objasnienia arkusza Opatéw ogdlnej mapy geologicznej Polski w skali 1:100000.
Warszawa.

Samsonowicz, J. 1934b. Ogdlna mapa geologiczna Polski w skali 1:100 000 ark. Opatdw. Warszawa.

Stawin, J. 1970. Wtasnosci techniczne krajowych krzemieni. Biuletyn Paristwowego Instytutu Geologicznego
244: 105-157.

Szeliga, M. 2014. The distribution and importance of Turonian flints from the north-eastern margin of the
Holy Cross Mountains in the flint raw material economy of the earliest Danubian communities.
Acta Archaeologica Carpathica 49: 77-112.

Zakoscielna, A. 1996. Krzemieniarstwo kultury wolyrisko-lubelskiej ceramiki malowanej. Lublin.

Zlonkiewicz, Z. 1994. Objasnienia do Szczegitowej Mapy Geologicznej Polski w skali 1:50 000. Arkusz
Ozaréw (819). Warszawa.

Ztonkiewicz, Z. 1998. Szczegétowa Mapa Geologiczna Polski w skali 1:50 000. Arkusz Ozardw (819).
‘Warszawa.






	Spis treści t. 54 (2016)



