
Geological Survey 
of Finland 

Bulletin 334 

Flint raw materials of prehistoric Finland: 
rock types, surface textures 
and microfossils 

by Kari Kinnunen, Risto Tynni, Kalevi Hokkanen 

and Jussi-Pekka Taavitsainen 

Geologian tutkimuskeskus 

Espoo 1985 



Geological Survey of Finland, Bulletin 334 

FLINT RA W MATERIALS OF PREHISTORIC FINLAND: 
ROCK TYPES, SURFACE TEXTURES 

AND MICROFOSSILS 

by 

KARI KINNUNEN , RISTO TYNNI, KALEVI HOKKANEN AND 
JUSSI-PEKKA TAAVITSAINEN 

with 4 figures, 5 tables 
and 40 plates 

GEOLOGIAN TUTKIMUSKESKUS 

ESPOO 1985 



Vammala 1985 Vammalan Kirjapa ino Oy 



Preface Joakim Donner 
Introduction 
Research material 

CONTENTS 

5 
5 
9 

Earlier studies . .. ..... . ... . . . ......... ... ........... . . . .... .. .. 9 
Sampie descriptions ..... .. . .. ..... . ........... .. .... . .......... 11 

Methods ..... .. ................................ . ......... . ... . .... 17 
Macroscopic properties .. . .. . .. .. ...... . ....... .. .. . ..... .. ... . ... . 18 
Rock types ............ . .. . ... . ................ . .. . ...... ... . ... .. 20 

Definition of terms 20 
Genesis .. .... ... ... . .. ........... . ..... . ...... ... ... . .... .. . . .. 21 
Petrographie properties .. . ..... . ........... . . . .. ... .. . .... .. . . .. 22 
Results : Classification ................... . . .... ... .. ... ... ... .... 23 

Flint .. .... ................... . . . ..... . . . . . ..... . .. . ... . .... 23 
Chert .... . ............. ........ .. .. . .. .. . .... .. ............. 24 
Jasperoid ............ . . ... ... ... ...... .. .......... .. ... ..... 24 
Quartzite . .... .... ...... ..... . ..... ... ... ..... ...... . ....... 25 

Surface textures .. . .. . ... . . . .. . . .. .. . ... .. . . .... ...... ... . ... . . .... 26 
Use-wear marks ..... . . ... ...... . ..... .. .. . .... . .......... .... .. 26 
Studies on natural surface textures .. . ...... . ... .. ......... . .... . . 27 
Results . . ...... ......... .. .. .. .. . . .. .... .. .. ... .. ..... . ....... . 29 

Microfossils . ...... . ..... . ................ . ......... . . . .. .. . . . ..... 31 
Earlier studies . . ... .... . .... .. .. . .... .................. . .. .. ... 31 
Results ...... . . ... . .. .. .. .... . ... . . .. .......... . .... ... . . . .... . 32 

Foraminifers ........ . .. ........... . .... . . . .................. 33 
Bryozoans ....... . .. . ... . ....... . ..... ... ..... . .. .. ....... .. 37 
Crinoidea and Echinoidea . ... ... .. ............ . . . . . ... ... ... . 39 
Ostracods ................. . ... .. . .. ... .. . ..... ........... .. . 40 
Sponges ........ . . . ......................... . ............... 41 
Fossil annelid worm tubes ... ... .. ........... . .... . . .. ... ... .. 42 
Calcareous algae .... . ....................................... 42 
Rare marine fossil forms ... .. .... ..... ... ... ..... . . .... .. .... 42 
Pollen and spores ....... ... .. ... .. .... . . .... .... .. . ... ..... . 43 
Dinoflagellates .. .... ......... .. ... .... . . .... . . . .... .. . . ..... 43 

Discussion ............. . . . .... . ......... ... .. .......... ... ..... ... 45 
Critical observations . . ......... . ....... . .... . . . .. . ............ . . 45 
Archaeological significance . . .. .. ... .. ... . . . .. ... .. ... . .. ...... . . 48 

Acknowledgements ................. .. ...... . .... ... . .... .. ... .. ... 53 
References .. . .. . ... ... . ... ... . ............. .. . ... ..... .. .. .... .... 54 
Appendices 

I. Index to microfossils 
2. Geological definitions of the rock terms 



Kinnunen, K., Tynni, R., Hokkanen, K. & Taavitsainen, J.-P., 1985. Flint raw 
materials of prehistoric Finland: rock types , surface textures and microfossils. 
Geologieal Survey 01 Finland, Bulletin 334. 59 pages, 4 figures, 5 tables, 2 
appendices and 40 plates. 

During the Stone Age , at least three different types of Ilinty rock were 
used as raw material for the making of tools and weapons in the area com
prising present-day Finland. Each rock type has a diagnostic silica-mineral 
composition , matrix material grain size and, in particular, a microfossils con
tent, wh ich unambiguously indicates the geological age of the original rock as 
weil as its probable provenance. 

Our findings show these principal types of rock to represent ehert from the 
Carboniferous sedimentary rock zone extending from the White Sea to Lake 
Onega (Ääninen) and over the Valdai Hills to Lake Ilmen; flint from the 
Cretaceous and, in places , partly Tertiary sedimentary rock zone extending 
from southern Sweden and Denmark via Minsk to the Moscow area , and 
jasperoid, archaeologically a new material, from Finnish Lapland. 

With the exception of the jasperoid , these raw materials were imported , 
from which it may be concluded that one of the aims of prehistoric trade 
was to make available certain key raw materials . 

Through an analysis of surface textures we were able to separate from the 
prehistoric material the fragments of gunflint , and tinder flint and ballast flints 
of later origin. 

Key words: Sedimentary rocks , flint, chert, jasperoid , raw materials, artifacts, 
microfossils , provenance, Cretaceous, Carboniferous, Finland. 

Authors' address: 
Kari Kinnunen , Risto Tynni and Kalevi Hokkanen 
Geological Survey of Finland 
SF-02150 Espoo 15 , Finland 

Jussi-Pekka Taavitsainen 
National Board of Antiquities 
Box 913 , 
SF-OOIOI Helsinki , Finland 

ISBN 951-690-210-3 
ISSN 0367-522X 



PREFACE 

The application of scientific methods to the 
solution of archaeological problems has often 
had a stimulating effect on archaeology , at 
the same time as it has challenged scientists 
to develop and test new methods. Not only 
have advances been made in both direct and 
indirect dating methods, including radiometrie 
methods, but also the analysis of artifacts has 
become more sophisticated. The present con
tribution to the analysis of flinty artifacts is 
an example of this. As there are no local cherts 
in Finland, apart from the jasperoids in Finn
ish Lapland, the chert and flint used to make 
prehistoric artifacts must have been imported. 
To trace its origin is therefore at the same time 
to trace former cultural contacts. For Finland , 
influenced by cultures east, south and west of 
its present borders, any study that helps to 
elucidate these contacts is of interest. 

The authors of the present monograph have 
exhaustively studied flinty artifacts and flaking 
debris from a number of archaeological sites 
and made comparisons with flint and chert 
geological sampies of various origins . A su-

prisingly large number of microfossils could 
be identified and shown analogous to fossils 
from southern Sweden, Denmark and the 
USSR. The fossils together show that the 
archaeological material includes chert from 
Carboniferous sedimentary rocks in the east 
and flint from Cretaceous and, partly, Tertiary 
rocks in the southwest, but that an import of 
Cretaceous flint from the east cannot be ruled 
out. There is thus no simple division between 
eastern , Carboniferous, and western, Creta
ceous, material; the latter could have come 
from a very large area. While the study gives 
evidence of cultural influences from different 
directions, it also shows that the direction can
not always be determined with certainty. 

The study was started in 1978 and has in
volved a painstaking analysis of hundreds of 
sampies. The methods employed and results 
obtained showed to be of wide interest and 
provide an impetus to further work. 

Joakim Donner 

INTRODUCTION 

The work of the study was divided as fol
lows: R. Tynni studied the micro- and macro
fossils. K. Kinnunen developed the methods 
used to distinguish between the different sili
ceous rock types and also analyzed the sur
face textures . K. Hokkanen tested the classi-

cal macroscopic research methods, prepared 
the slides and took the photomicrographs 
through a stereomicroscope. J .-P . Taavitsai
nen defined the archaeological framework and 
is responsible for the archaeological conclu
sions. 
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A comment is required about terminology. 

The different meaning of the word flint to 
geologists and archaeologists has occasioned 
some problems. Since, in fact, many of the 
sampIes we were dealing with were not flint in 
the geological sense, we have preferred the 
terms flinty material and siliceous rocks when
ever the exact designation was not clear. As it 
turns out, the term flint is a misnomer , from 
the geological point of view , since much of the 
archaeological material in Finland is not flint, 
but chert proper or jasperoid . For a fuller clar
ification of terms , the reader is referred to 
Appendix 2. 

In the Stone Age , flinty rocks , on accOllnt 
of their hardness and sharpness and ease with 
which they could be shaped, were an impor
ta nt raw material for the manufacture of tools, 
not only in the provenance of the rocks , but 
a lso far away, as the material was carried to 
regions beyond as a prized commodity of trade 
(Plate 1). Flinty rocks were exploited »indus
trially» in those times , as evidenced by flint 
mines and quarries dating back to the Stone 
Age (e.g., Rudebeck-Ringberg 1982, Gurina 
1976). In Finland , flinty rocks have been re
garded on geological grounds as an import ; for 
the Finnish bedrock lacks almost totally the 
younger sedimentary rocks in which their oc
currence would be possible. Numerous pre
historic and historic flint artifacts and waste 
flakes have been recovered , both as scattered 
finds and during archaeological excavations , 
proving that flinty rocks have been imported 
into this country in the distant past both as a 
raw material and as more finished products. 

For a long time , archaeologists have as
sumed that the flint artifacts found in Finland 
ca me from two primary sources. Numerous 
references have been made to »eastern», or 
Carboniferous , flint and »western», or Creta
ceous, flint. These appellations imply furt her 
assumptions, about the different deposition , 
environments and ages of the flint types : the 
eastern flint would have originated in Carboni-

ferous strata and the western type in Creta
ceous strata. Archaeologists have thus far 
decided upon the origin of a flinty sampie 
mainly on the basis of the form of the object 
and, in particular, the color of the rock ma
terial. The criteria applied, however , especial
ly the last one , coriceal a number of difficul
ties , to be discussed more fully later. For this 
reason , our purpose has been to develop and 
test research methods specifically suited to 
Finnish archaeological material. One method, 
the study of surface textures was developed 
specifically as a means to distinguish between 
historical flinty material and prehistoric ma
terial. 

No comprehensive map of chert and flint 
occurrences embracing the whole of Europe 
and at the same time including sufficient 
stretch of geological time (Table 1) appears to 
have been published . HerfOl,th & Albers ( 1981) 
have issued a geological map of Europe on 
which have been marked the Jurassic , Creta
ceous and Tertiary flint-bearing limestone 
deposits. In northern Europe, cherts and flints 
are found in areas of Carboniferous and Creta
ceous deposits (Fig. I) marked out by the Al

Ias gfologique du monde, 1/ 10 000 000, sheet 
9, 1980. More detailed information on the oc
currences has been obtained from publications 
listed by Vuorinen (1982) and Masson (1981). 

The nearest chert occurrences to the east 
and southeast of Finland are located on the 
east coast of the White Sea , on the southeast 
side of Lake Onega and in the Valdai Hills 
on the southeast side of Lake I1men. These 
occurrences are situated in a zone whose 
rocks were deposited during the Carboni
ferous period , 280- 345 million years ago. To 
the east of these Carboniferous, approxi
mately NE-SW-trending deposits , there are 
younger deposits of sedimentary rocks ex
tending all the way to the Ural Mountains ; but 
no detailed study has been published revealing 
the extent to wh ich chert and flint occur there. 
The same is true of the sedimentary rock de-
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posits loca ted in the southeastern and south
e rn parts of Finland . Flint has been reported 
to occur, however, in the Cretaceous deposits 
in the Rybin sk and Kalinin areas (A ilio 1909). 
To the south and southwest of Finland , de
posits containing chert and flint nodules are 
found in Cambrian-Silurian sedimentary rock 

form ations in northern Estonia, Gotland and 
Öland (Tralau 1974). Little is said in the pre
sent work about these , mainly Ordovician 
»flints ,» since relevant geological sam pies 
were not ava ilable ; the same is true of the 
Cretaceous flints of the Rybinsk and Kalinin 
areas. 
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Table I. Geological time table from Upper Palaeozoic to Recent after Van Eysinga ( 1975). 

ERA PERIOD EPOCH AGE GEOLOGIC TIME M.Y. 

QUATERNARY Pleistocene Recelll 

Pliocene 1.8 
U Miocene 5.0 
Ö Oligocene Challian 22.5 
N Rllpelian 35.0 0 
Z TERTIARY Eocene Barlonian :;: LII I elicll1 
U 

Ypresiall 
50.0 

Palaeocene Thanelian 
Monlian 
Dallian 

65 .0 
MaaSlrichlian 

Senonian 
Campanian 
Salllonian 
Coniacian 
Turolliall 

CRETACEOUS 
Cellomanian 
Albian 
Apliall 
Barremiall 

Neocomian 
Hall leril'ian 
Valallginian 

S:! 
Berriasian 

141.0 
0 Malm Porllandiall 
N 

Kiml1l eridgia I 0 
Vl o.~r()rdian LJJ 
;:;E CallOl'ian 

JURASSIC Dogge r Ball/Oniall 
Bajociall 
Aall'llial/ 
Toarciall 

Lias Pliel/sbachiall 
Sinenll1rion 

H ellllllRian 
195.0 

Rhaelial/ 
Norial/ 

TRIASSIC Camia l/ 
Ladil/ial/ 
AI/i~' ial/ 

Scylh ial/ 
230.0 

Talarial/ 
Ka~a l/ial/ 

PERMIAN KIII/g llrial/ 
Arlimkiall 
Sakmarian 

S:! 280.0 

0 Slephanian 
N Weslphalian 
0 
LJJ CARBONIFEROUS Namllrian 
-< Visea /J ....l 
-< TOllrna isian 
~ 345 .0 

DEVONIAN Fall1enian 
Frasnian 360.0 



By contrast, the flint-bearing Cretaceous 
deposits in southern Sweden and Denmark 
have been widely studied, and rock sampies 
were readily available. In age, these deposits 
date back to the Senonian Epoch of the Creta
ceous Period and the Danian Age of the Ter
tiary. In the contemporary view (Van Eysinga 
1975), the Senonian is the youngest Epoch of 
the Upper Cretaceous and is divided into four 
Ages, and the Danian is the earliest Age of 
the Palaeocene Epoch of the Lower Tertiary. 
The designation Danian (lasting so me 3 m.y.) 
is chronologically more exact than Senonian 
(lasting some 23 m.y .). The transition from the 
Cretaceous to the Tertiary took place about 
65 million years ago. In addition to the oc
currences in southern Sweden and Denmark, 
there are numerous localities in the Baltic 
basin and on its southern shores where the 
occurrence of flint-bearing deposits is proba
ble (Tralau 1974, Werner 1974). 

Being exceedingly hard and highly resistant 
to erosion, chert and flint nodules are likely 
to have survived as relics of the carbonate 
formations once covering the region. More
over, continental ice cheets have broken up 
and transported large amounts of rock and 
overlying deposits far from their original loca
tions. Material from chert- and flint-bearing 
deposits might thus have traveled to areas 
where they do not primarily occur. Flint-bear-
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ing deposits have not been reported in the 
direction of the ice flow from the north end 
of the Gulf of Bothnia, although carbonate 
deposits are known to exist in the area (Back
lund 1937, Veltheim 1962, Winterhalter 1972). 
Nor have flints been encountered in the field 
investigations carried out by the ,Geological 
Survey of Finland in the Ordovician limestone 
occurrences and overlying deposits of the 
Aland Islands (sedimentary rock studies 
1976-1983 , unpublished material by Geologi
cal Survey). 

On the basis of present knowledge, it can be 
stated that primary chert and flint deposits 
younger than the Cambrian do not exist in 
Finland (with the exceptions mentioned in the 
following) , and that the chert and flint speci
mens found in this country have invariably 
been transported by man. The main exception 
is the jasperoids encountered mainly in 
northern Finland , which the present work 
shows to have been used in prehistoric times. 
Other cherty types of rock occurring as rarities 
in Finland are the chalcedony infillings in the 
cavities of porous boulders derived from the 
impact crater of Lappajärvi (Lehtinen 1976) 
and the agates, probably of similar genesis, 
occurring in shock-metamorphic boulders at 
Karhiniemi , Huittinen (Papunen 1969, 1973; 
Halme 1974). 

RESEARCH MATERIAL 

Earlier studies 

As early as prehistoric times , Finland was 
a meeting ground of eastern and western cu 1-
tural spheres, and in different periods the 
range of influence of these cultures has va ried . 
Through ascertaining the origin of flinty ma-

terials, it has been possible in principle to re
construct the commercial relations and cu 1-
tural connections of different prehistoric pe
riods. Noteworthy among studies touching 
upon the trade in flinty materials directed to-
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ward the area of present-day Finland are Ailio 
(1919), Europaeus (1920), Nordman (1933) and 
Luho (1946). Scholars abroad have also shown 
an interest in the matter - for example, in the 
Neolithic trade with northern Finland involv
ing flinty artifacts of southern Scandinavian 
origin (Clark 1948). During the course of the 
present work , Jukka Vuorinen published a 
study on the Comb-Ceramic trade in flint 
(Vuorinen 1982); his conclusions on the oc
currence of flint (and chert) in Finnish archae
ological material are taken into account in the 
following, where relevant. 

It is interesting to note that the word for 
flinty material, pii, which also means tooth, 
prong and point, is one of the oldest in the 
Finnish language. The word has been traced 
back to Proto-Uralic (c. 4000 B.C.), from 
which all the Finno-U gric languages are 
thought to have derived. According to philol
ogists, during the Uralian period the word 
would seem to have meant rock or flinty ma
terial, and during the Finno-Ugrian period 
(4000-3000 B.C.) it took on the meaning of 
tooth, which elsewhere, except among the 
Baltic Finns, has completely replaced the 
older meaning of the word (Itkonen & Joki 
1962, p. 543-544; Hakulinen 1952). Another 
word for tlinty material, limsiö , came into use 
at a later date and remains an etymological 
riddle (Horila 1967, p. 188). 

The Mesolithic has been regarded as a tlint
less cultural stage in southern Finland (Vuori
nen 1982, p. 54). In sites of the Suomusjärvi 
culture , flinty material has indeed been found, 
but it has been interpreted as later »western» 
tinder tlint (Luho 1967, p. 55). It is interesting, 
however, that flinty material has been found at 
the Nissbacka site, in the municipality of Van
taa - and this is a pure example of Suomus
järvi culture (see the section Sampie descrip
tions , Site 1). This find supports the possibility 
that flinty material may be encountered at 
other Mesolithic sites as weil. This has actual
Iy happened at the Renkomäki site at Lahti, 

whose tlinty artifacts can be regarded as Me
solithic on the basis of the technique used in 
fashioning them (for more details , see Site 2). 
Flinty material was also known in northern 
Finland during the Mesolithic . In the lowest 
strata of the Mesolithic stage of settlement of 
Neitilä 4, in the Kemijärvi area, flinty material 
occurs in quantity. Its occurrence, moreover, 
is most frequent precisely in this stage: three
quarters of the flinty material in the Kemijärvi 
area, which was inhabited over a stretch of 
more than 6000 years, dates from the Meso
lithic. It should be added, however, that , at the 
end ofthe Mesolithic , the use offlinty material 
ceased almost entirely (for more details, see 
Site 3). 

During the Early Comb-Ceramic period, 
when the import of flint was previously be
lieved to have begun , some tlinty material was 
brought into Finland, mostly in the form of 
artifacts. Material considered to be of Scan
dinavian origin has been found in sites of that 
period as weil as in sites of Jäkärlä-Ceramic 
group in western Finland, which existed con
temporaneously with the Typical Comb-Cera
mic; this has been regarded as evidence of 
connections maintained westward by the Jä
kärlä group. It has been stressed by Edgren 
(1966, p. 141), on the other hand , that not a 
single piece of this flinty material was found 
at a si te purely representative of the period of 
Jäkärlä-Ceramics. And he proposes an origin 
in Finnish siliceous rocks (Edgren 1966, p. 
150). 

The Typical Comb-Ceramic period may be 
regarded as the heyday of the trade in flinty 
material, when the stone found its way in 
quantity all over the country. The large 
amounts of debris and incomplete artifacts in
dicate that it was imported mainly as raw ma
terial. A »Carboniferous», or eastern, origin 
has been assumed, usually the Valdai region 
in particular. Other suggested provenances are 
the tlint and chert deposits of the southeast 
shore of Lake Onega and coast of the White 



Sea. Vuorinen (1982, p. 77) sought to pinpoint 
the provenance by calculating the correlation 
between distance and amounts of flinty mate
rial found, and reached the conclusion that the 
stone found in connection with the Typical 
Comb-Ceramic culture originated in the Valdai 
region. It should be pointed out, however, that 
the correlation presented by Vuorinen is not 
statistically significant. The Valdai region 
cannot therefore be regarded on the grounds 
advanced by Vuorinen as the likely prove
nance. 

An observation made long aga by Ailio 
(1909 , p. 69) is also relevant at this point: that 
there is Cretaceous flint in eastern Europe not
ably in the Rybinsk and Tver regions , which 
to some extent appears among the Finnish 
flinty material. 

Flinty rocks, evidently in raw material form , 
were still being imported to some degree dur
ing the Late Comb-Ceramic period. In south
western Finland and the Aland Islands , flinty 
material, apparently of western variety , has 
been found; this Vuorinen (1982 , p. 55), sus
pects to be Ordovician in age. Flinty material 
has not been found at sites yielding only 
Corded Ware finds (Vuorinen 1982, p. 55). But 
small amount has been uncovered at sites 
bearing Pyheensilta pottery. These pieces 
Vuorinen (1982, p. 55) suspects to be local 
»till flint ». 

Flinty material has also been found in asso
ciation with Kierikki and Pöljä ceramics, 
which date from the same period as the Py
heensilta pottery. In particular, numerous arti
facts and waste flakes have been found with 
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Kierikki ceramics. Inland parts of Finland 
would seem, in those days, to have been in 
closer contact with areas producing flinty ma
terials than were the coastal communities 
(Vuorinen 1982, p. 55). 

The importation of flinty material to western 
Finland increased once-more during the period 
of the Kiukainen culture. In the main, it came 
as finished artifacts, from both west and east. 
The »western » flint of southwestern Finland 
is again supposed by Vuorinen (1982, p. 55) 
to be local »till flint » . 

During the Bronze Age, flinty rocks were 
still used as a raw material for the manufacture 
of tools, both along the coast and in inland 
Finland. The use of tinder flint in coastal set
tlements also began about this time (Vuorinen 
1982, p. 56). 

The use of flinty material to make taols 
ceased during the Iron Age, but small quanti
ties of it were imported throughout the histori
cal period for use as tinder flint and in flint
lock firearms. Quantitatively , however, most 
of the imported flinty material was transported 
to this country during the era of sailing ships, 
as ballast. Ships arriving in Finnish ports to 
fetch cargoes of tar and timber carried ballast 
in the form of earth and stones , which was 
discharged before the loading of new cargo; of 
such discharge there are many reminders on 
Finnish shores. Examples of old anchoring 
places are Mustakari , off the port of Kokkola , 
and Kräkö, in Porvoo waters. It was only in 
the 1930s that the discharging of ballast finally 
ca me to an end as the use of sailing ships in 
international commerce became antiquated. 

Sam pie descriptions 

SampIes of archaeological flint were select
ed from twelve Stone Age Finnish sites, nine 
from southern Finland and three from north
ern Finland. In the case of the southern sites, 
an attempt was made to include sites of dif-

ferent age and from different areas. (Fig . 2). 
The three sites in northern Finland were in
cluded to determine the nature of the flinty 
material found there, since it has been sus
pected that at least at certain ancient sites in 
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the north it is not really tlint but quartzite 
Ce.g., Kehusmaa 1972, p. 5\). As our primary 
aim was the deve10pment of research meth
ods, the sites cannot be regarded as either 
chronologically or geographically representa
tive . Nor has it been possible to study the 
total tlint material of the sampled sites , but 
instead we have confined ourselves to the se
lection, from a sizable quantity of material, of 
a few sampie pieces differing maximally in 
appearance . The tlinty material of only two 
settlements (Nos. land 10) has been analyzed 
in its entirety. 

In the following we describe brietly each of 
the sites selected for sampling (Fig. 3) , the age 
of the discovered material and the quantities 

of tlaking debris and artifacts of tlinty mate
rial, quartz and other stone. This information 
provides a rough idea of the intensity of the 
tlint trade at different times. 

I. Vanfaa Nissbacka 

The finds at the site indicate pure Suomus
järvi culture. Excavations have unearthed 
three pieces of tlinty material, all from the 
cultural layer, and these have been selected 
as sam pies (National Museum = NM 18640: 
639, 652, 852) . The number of quartz artifacts 
and fragments is 3,703, and the number of 
other rock artifacts and tlakes 34. 

2. Lahfi Renkomäki 

Most of the material found at the site con
sists of artifacts of the Suomusjärvi culture. 
Specimens ofCorded Ware have been found in 
a circumscribed area. Five tlinty specimens 
from the site have been selected for study, 
four ofthem (NM 18501: 1217, 1524, 1550, 1567) 
from the cultural layer and one from the layer 
ofloose earth (NM 18501: 275). Flinty artifacts 
have also been found in a circumscribed area, 
in the same grid-squares and same area as 
sherds or in the immediate proximity of the 
excavated area yielding sherds . On the basis 
of its distribution , the tlinty material would 
thus appear to be associated with the Corded 
Ware . It is interesting to observe , however, 
that the Renkomäki tlinty material bears a 
striking resemblance to that recovered from 
Mesolithic sites in Estonia (Jaanits 1980) . 
Among the artifacts are many »worked 
tlakes »; attention is specially drawn to a point 
made from a tlake , retouched on one side. 
Since the practice of retouching one side of a 
tlake was characteristic of the Mesolithic, the 
tlinty material of Renkomäki must , despite its 
distribution, be regarded as primarily Meso
lithic . A total of 29 tlinty artifacts and waste 
tlakes have been collected at the site , together 
with 21479 quartz artifacts and fragments and 
194 other stone artifacts and fragments. 
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Fig. 3. Localities of the archaeological sampies from the following Stone Age sites : 1. Vantaa, Nissbacka. 2. Lahti , 
Renkomäki. 3. Kemüärvi , Neitilä . 4. Hinnerjoki , Lammila. 5. Köyliö , Eskonkallio . 6. Viipuri , Häyrynmäki . 7. Tai
palsaari , Vaateranta. 8. Lieto , Kukkarkoski . 9. Kokemäki , Pispa . 10. HaJjavalta, Motocross Track . 11. Suomussalmi , 
Salonsaari . 12 . Suomussalmi , Kellolaisten Tuli . 13 - 18. Valdai Plateau , Lake Seliger and upper reaches of the Volga . 
19. Lake Onega , Vytegra river. 20 . Archangel , Krasnaja Gora . 21. Eldsberga, Tönnersa. 22 . Jutland, Amosen. 

Numbers refer to text. 
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3. Kemijärvi Neitilä 4 (Plate 2 F) 

The site was settled for a stretch of over 
6000 years , from the pre-ceramic period to 
the Iron Age (Kehusmaa 1972, p. 92). The 
Neitilä 4 site is exceptional for Finnish con
ditions in that the remains of settlement have 
been deposited together with alluvium brought 
by recurrent floods to form a cultural layer 
more than one meter thick. Here the different 
stages of settlement can be differentiated. 
Thirtytwo tlinty tlakes and artifacts (NM 15671: 
1110, 1229, 1274; NM 16145: 2039 , 2055, 2108, 
2116) were studied, all belonging to the oldest 
stage of Mesolithic settlement, dating from be
fore 4800 B .C. (reference layers VI and V). 
Flinty material is most abundant in these bot
tom parts of the cultural layer, from wh ich 
three-quarters of all the flinty material of 
the site has been collected. The material re
presenting the earliest phase of settlement 
was brought there in unworked form and fash
ioned into artifacts on the spot. In the two 
lowest layers the ratio between flinty artifacts 
and flakes is on the same order as the ratio 
between quartz artifacts and flakes (Kehus
maa 1972, p. 59, 57). In all layers , the pre
dominant raw material is quartz ; in the lowest 
layers , flinty material occurs more abundantly 
than does stone material other than quartz and 
flint (Table 2; Kehusmaa 1972, p. 54) . It is 
interesting that in reference layer IV, which 
still represents the Mesolithic , flinty material 
has fallen almost completely into disuse (Ke
husmaa 1972, p. 54- 55). At later stages of 
settlement, flinty material occurs mostly as 
artifacts brought there in finished form . In 
these younger layers it is both gray and brown 
and both fine-grained and rather coarse of 
grain; Kehusmaa thinks it may have been 
brought to the site from many different 
sourees. The flinty material in the lowest 
layers is excJusively of varying shades of 
brown and resembles quartzite , so it may all 
have come from the same region (Kehusmaa 
1972, p. 59- 60) . 

4. Hinne,joki Lammila 

The site has yielded Jäkä rlä Cera mies and 
Typical Comb-Ceramics (Edgren 1966, p. 52-
54) . Eight sam pies of flinty artifacts and waste 
flakes were selected (NM 6128: 45 , NM 6134: 
16) , all of them except one found at the site. 
The only piece of flinty material found during 
the excavation work proper (NM 6128: 45) 
was uncovered near a hearth , around wh ich 
there was only Jäkärlä ceramies . Altogether 
12 flinty artifacts and flakes have been found 
at the site, in addition to 24 quartz fragments 
and 174 other stone flakes and artifacts (Ed
gren 1966, p . 52). 

5 . Köyliö Eskonkallio 

Jäkärlä Ceramies and Typical Comb-Ceram
ics have been found at the site (Edgren 1966, 
p. 56). One piece of flinty material picked up 
in a field has been selected as a sampie (NM 
12203: 8). No excavations proper have been 
made at the site. Altogether 33 flinty artifacts 
and flakes , 173 quartz artifacts and flakes and 
267 other rock flakes have been recovered. 

6 . Viipuri Häyrynmäki 

The site was settled for a long time: the 
finds represent all phases of the Comb-Ceram
ic culture as well as Pöljä ceramies and Cord
ed Ware. Our flint sam pie (NM 5620: 76) was 
unearthed in the 1910 exavation, from an 

Table 2. The number of flakes composed of quartz, rock 
and flinty material in different depth zones a t the reference 
site . Kemijärvi Neitilä 4, according to Kehusmaa (1972, 

p. 54) . 

Depth zone [ern] Quartz Rock Flinty 
material material 

(0- 20) 5613 23 19 

" (21 - 40) 8080 100 8 
111 (41 - 60) 2050 139 2 
IV (61 - 80) 2270 103 6 
V (81 - 100) 2707 46 60 

VI (101 - ) 1198 11 55 

Total 21925 422 150 



excavation square yielding only Typical 
Comb-Ceramic. No count has been made of 
the artifacts and flakes of flinty material, 
quartz and other stone because the informa- 
tion in the main catalogue is inadequate. 

7 .  Taipalsaari Vaateranta 

The finds made at this site belong for the 
most part to the Typical Comb-Ceramic pe- 
riod. Among them is one fragment of Pölja 

, pottery, and a couple of fragments of Luukon- 
saari pottery dating from the Iron Age. Twelve 
specimens were selected for study (NM 
20659: 55, 155, 171, 213, 403, 1253,  WO with- 
out a subnumber), all from the 1978 excavation 
site. The finds there are without exception 
contemporaneous with Typical Comb-Ceram- 
ics. The excavation made in 1978 yielded 3623 
fiinty artifacts and flakes, 902 quartz arti- 
facts and flakes and 11 fragments of other 
Stones. 

8. Lieto Kukkarkoski 

I 
This is a Typical Comb-Ceramic site, where 

also rich grave finds were made (Torvinen 
1979). One of the graves dates from the Cord- 
ed-Ware period; the plentiful material yielded 
by the site included only one vessel (possibly 
buried in a grave), and it belongs to the Corded 
Ware period. Of the 116 specimens selected 
for study, 94 (NM 19750: 68, NM 19991: 726, 
793) were unearthed from plowed soil, 17 (NM 
19727: 150; NM 19991: 114,516) were from the 
cultural level and five (NM 14558: 111, 129, 
204) were from an unspecified depth. All were 
small pieces of flaking debris. The excavations 
have yielded a total of 718 flinty artifacts and 
flakes, 746 quartz artifacts and flakes and 496 
other stone flakes and artifacts. 

9.  Kokemaki Pispa 

The site dates from the Typical Comb-Ce- 
ramic period and includes a burial ground with 
rich finds. 

Among the 489 sherds found at the site there 
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were two or three of Corded Ware (Luho 1%1, 
p. 13, 24). Six pieces of light-colored flinty 
material were selected as samples. One of 
these was from the topsoil layer (NM 14957: 
322) and two from unspecified depths (NM 
14957: 38, 294). Since the catalogue frequently 
mentions surface soil or topsoil, one might 
presume that in the absence of such mention 
the find was probably made in the cultural 
layer. The remaining three samples are from 
the cultural layer, or, more specifically, from a 
patch of red ocher (NM 14957: 375, 383). Ac- 
cording to Luho, the site has yielded 299 flinty 
artifacts and flakes, 1081 quartz artifacts and 
flakes, and 85 artifacts and flakes of other 
stone (Luho 1961, p. 13). 

10. Harjavalta Motocross Truck 

The site dates from the Pyheensilta period. 
All three pieces of fiinty material dug up were 
taken as samples (NM 20493: 177, 550, 561). 
If, exceptionally, the quantity of finds is here 
stated in terms of weight, the flinty pieces 
together weigh 6 g, the quartz flakes 32 kg 
and the other stone fragments 49 kg. 

l l .  Suomussalmi Salonsaari 

Settlement at the site continued over a long 
period. Among the finds, in addition to Stone 
Age objects, is a fragment of a fiinty arrow- 
head with blunt end dating from the Early 
Metal period and a Viking Period iron axe 
(Huurre 1982, p. 14). One piece of flinty ma- 
terial has been taken as sample (NM 20376: 
20). All told, the site has yielded three pieces 
of flinty material, 53 quartz artifacts and flakes 
and 16 artifacts and flakes of other rock ma- 
terial. 

12. Suomussalmi Kellolaisten Tuli 

The site was in use from the Early Comb- 
Ceramic period to the Late Iron Age. Among 
the finds are textile and Sar-2 ceramics, blunt 
arrowheads, crucibles and other objects used 
for smelting, a possible mold for a brooch and 
a bronze adze (Huurre 1982. p. 13). Three 
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sampIes have been selected , of which two 
(NM 14831 : 1576, 1638) were recovered from 
the cultural layer and one (NM 14831 : 1832) 
was found below the lake water level outside 
the excavation area . 

In order to determine the provenance of the 
tlinty raw material , sam pIes for comparison 
were needed from regions to the east and west 
of Finland. The main part of the sampIe ma
terial from the east consisted of 64 specimens 
provided by Dr. N.N . Gurina of the Archaeol
ogical Institute of the Leningrad branch of the 
Soviet Academy of Sciences. These were col
lected at six different Stone Age sites (Plate 
2, C , D and E), located on the Valdai plateau 
along the shores of Lake Seliger and nearby 
the chert occurrences in the upper reaches of 
the Volga (cf., e.g ., Gurina 1962). The sites 
are the following: 

/3. Zabolet 'e. 8 sampIes: Nos. 2391 , 3011 , 
3475 , 3718 , 7730 , 10213 , 10426, 10648. 

/4. Zales 'e, 12 sampIes: Nos. 1874, 3869, 
3872, 3875 , 3877,4119, 4120,5387 , 5388 , 
5415 , 5420 , 6413. 

/5 . Cernaja reUa , 16 sampIes: Nos . 95 , 
617 , 618 , 635 , 641 , 644 , 682 , 683 , 729 , 778 , 
782 , 876, 884 , 920 , 923 , 964. 

/6 . Z ehnOl'o 11/ , 16 sampies: Nos. 778 b , 
793 , 815 , 819, 820 , 882 , 933 , 1507 , 1624, 
1632 , 1742, 3528 , 3544 , 3547 , 3548 , 3587 . 

/ 7. SI 'eklino / , 4 sampIes: Nos. 577 , 722 , 
736 a , 739. 

/8. Lanino, 8 sampies : Nos. 724 , 734 , 736 b , 
747 , 815 b , 824 , 825 , 2990 . 

Two further sampIes were obtained from 
the Institute of Languages, Literature and His
tory of the Karelian branch of the Soviet 
Academy of Sciences. Both were from a chert 
deposit on the southern side of Lake Onega 
(Ääninen) , on the banks of the Vytegra River 
where it discharges into the lake . The place is 

called 

/9 . Bcloruc'cj skoc (Zuravlev 1982) . Nos . 
B.r. -49 and B.r. -1978 . 1449/ 102. 

In addition , there is one sam pie from the 
comparative archaeological collections of the 
National Museum of Finland. The sampie was 
found at a Stone Age site in the Archangel 
region called 

20 . Krasnaja Gora 

The tlinty fragment (NM 8669: 3) was 
collected by the Swedish archaeologist G. 
Hallström from the site. Foss (1952, p. 257) 
has dated the settlement , which is located on 
the coast of the White Sea, to 1000- 500 B.C. 

The comparative material from the west 
consists of sampies from two Stone Age sites , 
likewise obtained from the comparative col
lections ofthe National Museum. One site is in 
Halland , Sweden , and the other in Sjcelland 
(Zealand), Denmark. Both are located close to 
natural occurrences of tlint. The two sites are 
Eldsberga Tönnersa and Amosen . 

21. Eldsberga Tönnersa 

The finds from this site were presented to 
the Museum by Edvin Gustafsson and date 
from the Mesolithic (included are two trans
verse-bladed arrowheads). All 46 sampIes 
were studied (NM 16708: 7, 13 , 16). 

22 . Amosen 

The sam pIes have been selected from among 
the artifacts presented to the National Mu
seum by Consul Eli Jepsen . Amosen is an ex
tensive miry area in northwestern Jutland , 
where more than 250 sites dating back to the 
Palaeolithic and Neolithic periods have been 
discovered. Together they cover a time span 
from 6500 to 2500 B.C. (cf., e.g. , Andersen 
1978). The ten microlites selected as sampIes 
co me from a Mesolithic settlement (NM 
16699: 225 , 227). 

In addition to the sampies from the National 
Mu seum , the collections of the Geological 



Survey have provided 16 flint pieces from 
M0ns Klint, Denmark. Ballast flint has been 
used for purposes of comparison , too (Plate 
2, B) , on the assumption that the flinty material 
transported to Finland during the era of sailing 
ships was mostly of Cretaceous origin. Fin
land's trade relations would suggest occur
rences on Baltic shores but also the Nether-
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lands and Great Britain are probable sources 
of such pebbles. 

In the studies of surface textures and rock 
types , a large personal (KK) collection of Fin
nish pebbles and rock specimens was ex
amined as reference . The specimens are de
scribed at the appropriate places in the text. 

METHODS 

The primary aim of the micropaleontologic 
investigations was to determine the age of mi
crofossils , which thereby is believed to cor
res pond c10sely to the time of deposition of 
the chert rock and flint nodules. Owing to their 
mode of genesis, the chert layers and flint nod
ules are somewhat younger than their host 
rocks (Buurman & Van der Plas 1971), but 
for the purpose of determining the locality of 
deposition this difference can be regarded as 
insignificant. On account of the small quanti
ties of sam pIe material, it was seldom possible 
to achieve the degree of accuracy usual in 
paleontological studies, that is, the division of 
Epochs into Ages; but in fact the determina
tion of Period alone sufficed to assign a speci
men to either the Carboniferous or the Creta
ceous . 

In the search for and identification of micro
fossils, four different methods were used. 

Stereomicroscopic analysis. A stereomicro
scope provided with a photographie capability 
and as light source a glass fiber illuminator 
was used in the work of identification. The 
magnification of the microscope was 6- 50 X, 
which gave a magnification of 3-25 X on the 
photographic negative. Sampies were not pre
pared: fossils were merely identified or photo
graphed as they occurred on the rock surfaces 
except für washing with water. The investiga
tion was greatly facilitated by wetting the 

2 

target area with a small brush. This made 
visible structures that cüuld not be detected on 
a dry surface. The same effect was obtained 
with sampies that were sawn and polished. 

Thin-section analysis. The analysis of thin 
sections is a widely-used method in geology , 
also applicable to paleontological studies. 
Very high quality photographs of organisms 
can be obtained. One drawback is that the sur
face cut is accidental as regards any preserved 
organisms. And in the study of archaeological 
objects, an important limitation is placed by 
the partial destruction of specimens. 

Flinty rock types are weil suited to thin-sec
tion analysis, not only because they are hard 
and dense, which makes sawing and polishing 
easy, but because the mineral matter is trans
lucent under ordinary microscope illumina
tion. 

In the present work, 28 thin sections were 
prepared to determine the grain size of the 
rock (Table 3) and to obtain photographs of 
the organic structures (Plates 3, 15, 18, 20, 22, 
23, 25 and 29). 

Electron-microscopic analysis. For the ex
amination of exceptionally small fossils, when 
the maximum magnification of a stereomi
croscope is insufficient, a slide for scanning 
electron microscopy was prepared. The proce
dure was as folIows: the rock was sawn into a 
slab about 5 mm thick and one surface was 
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polished. The polished face was etched at 
room temperature for two hours with the 
fumes of strong hydrofluoric acid (45 %) after 
which the dissolved matter was removed with 
running water and the surface made conduc
tive of electricity by coating it in a vacuum 
with a thin layer of gold. The single specimen 
investigated in this way (M0ns Klint , collec
tion of the Geological Survey) was studied 
with a JEOL Superprobe 733 scanning elec
tron microscope (plate 18, G , Hand I). SEM 
analysis proved applicable, inasmuch as acid 
fumes dissolve silicate matter faster than the 
carbonate shell of microfossils. 

Hydrofluoric acid maceration . Acid macer
ation is a commonly used method in micro
paleontology and palynology to bring out the 
cutinuous and sporopollen-bearing microfos
sils in mineral substances. Pollens , spores , 
seeds, protozoans, various parts of plants and, 
in the case of older sedimentary rocks, algae, 
bacteria and the imprecisely defined phyto
plankton category, the Acritarchs , can all be 
isolated. Also the chitin-shelled and pseudo
chitinous remains of organism can be se pa
rated out by means of the acid-maceration pro
cedure; carbonate- and silica-shelled remains, 
on the other hand, usually are destroyed. Ex
ceptionally, in the acid-maceration analysis of 
the Uusikaupunki Iso Vehanen specimen, the 
siliceous matter dissolved so rapidly that a 
large number of carbonate-shelled fossils were 
recovered alm ost undamaged (Plates 27 and 
28) . 

The acid maceration procedure begins with 

the sawing of a 5-20 g rock or immersing it in 
45 % hydrofluoric acid long enough to produce 
uncontaminated surfaces. After that , hydro
fluoric acid (45 %) is allowed to act on the 
stone long enough to dissolve the mineral 
matter completely. The dissolution residue is 
treated with hot 10 % HCl , and the mineral 
salts that form are removed . 

After this treatment , there should be nothing 
left except organic particles, wh ich are insol
uble in acids. In practice apart of the mineral 
matter remains undissolved and the residue 
must be subjected to heavy liquid treatment 
(specific gravity about 2.2) . A permanent slide 
is prepared from the residue , which is then 
examined under a light microscope (Leitz 
Orthoplan model provided with a phase-shift 
condenser) . 

Slides were prepared from 38 chert and flint 
specimens and 7 jasperoid specimens. The dif
ficulty in these analyses was the small size of 
the specimens, which prevented sufficient 
removal of impurities from the surfaces; thus 
fungal hyphae and cellular tissue of algae of 
recent lichens growing in microscopic cracks 
in specimens also emerged in the slides. 

In cases where the specimen contained 
enough microfossils resistant to acid macera
tion , the method proved practical (Plates 35 -
40) . Identifiable remains or organisms could 
not , however , be recovered from the majority 
of sampies. The method can not be recom
mended for the dating of archeological arti
facts since the specimen is destroyed. 

MACROSCOPIC PROPERTIES 

For purposes of comparison alongside the 
microscopic studies systematic observations 
were made of the macroscopic properties tra
ditionally used by archaeologists to classify 

flinty materials. As new macroscopic features , 
observations were also made of grain size and 
structure. With the exception of these last two 
features, macroscopic properties were found 



to be unreliable for the classification of sam
pies. 

Grain size . This property turned out to be 
the most important in estimating the time of 
formation of sampies. The grain size generally 
proved to be in direct relation to the age of a 
sam pie: the older the sampie the coarser the 
grain size. Macroscopically, only rough esti
mates can be made of grain size, on the basis 
of surface lustre . A more accurate determina
tion calls for petrographie methods. 

Color. Two main factors affect the color of 
chert and flint: the impurities contained in the 
original siliceous material and the conditions 
to which the stone was subjected after becom
ing se para ted from its depositional environ
ment. Even small contents of iron can cause a 
rock to turn reddish or brownish upon oxida
tion. The color changes differ depending on 
the pH of the sedimentary environment and 
the redox potential. Further , heating, boiling, 
contact with red ochre or other cultural fac
tors may have contributed to the present color 
of the sampie. 

The color designation was made according 
to the prevalent hue, to which sometimes was 
joined a characterization of the degree of dark
ness-paleness or chroma. An attempt was 
made to differentiate colors with the help of 
the Munsell Rock-Color Chart, but without 
definitive results owing to the wide range of 
hues of the sampies. 

Under color examination, the material could 
be divided into four categories: 

A . black, dark gray, gray and light gray 
B. brown, dark brown, light brown and yel

lowish brown 
C. red, bluish red, rose and the different hues 

of red 
D. white, beige and white with a tinge of 

so me other color. 

The classification is only indicative; for, on 
account of the multiplicity of hues, borderline 
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cases are hard to assign to any particular class 
(see Plates I. and 2). 

Although certain hues have been desig
na ted in previous studies (Ailio 1909, 0dum 
1928 , Luho 1946, Meinander 1954, Syvänen 
i954) as characteristic of specific areas of 
chert and flint deposition, the verbal descrip
tion of colors strongly depends on the subjec
tive perception of each investigator. 

On the basis of our material, we concluded 
that the reddish hues (C category) were as
sociated with Carboniferous deposits. Other 
color categories were represented in both east
ern and western sampie material. In conjunc
tion with the color determinations , we also 
made a search for specimens that fluoresce 
under a long- and short-wave ultraviolet light , 
on the assumption that »jasper almost never 
fluoresces , agate does sometimes, cha\cedony 
and opal quite often» (Gleason 1960, p. 7). The 
only observation was that a few of the flint 
sampies fluoresced very faintly with a green 
hue. 

Lustre. The lustre of chert and flint often 
depends on the grain size, but it is seldom the 
same on every surface of a rock . A patina con
siderably »enhances» lustre by evening out 
small irregularities . The following classifica
tion was used in this study: mat , semimat and 
vitreous lustre. The determination of lustre did 
not prove significant in estimating the age of 
deposition of sampies. 

Translucence. The translucence of chert and 
flint is a property depending on their petrog
raphy, and is best seen at the edges of fresh 
fractures. Macroscopically, the division can 
be made into opaque and translucent. In so me 
instances, translucence is a property through
out a rock, greatly facilitating the recognition 
of microfossils. Translucence is not, however, 
associated with the age of deposition or grain 
size of a rock, for translucent rocks were 
found in both eastern Carboniferous and west
ern Cretaceous sampies. 

Rind. In a few specimens there were re-
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mains of rind material surrounding a chert 
layer or flint nodule , and in some specimens 
a weathering rind of secondary origin. In the 
eastern Carboniferous material the rind is 
composed of porous, silicified carbonate with 
coarse crystals and is gray or brownish. The 
color is probably secondary, due to contami
nation . In the eastern material the transition of 
the rind to fresh rock takes place in a 0.1 -
2.5 mm wide transitional zone. The rind of the 
western Cretaceous and ballast material also 
consists of silicified carbonate, but he transi
tional zone is broader than in the eastern ma
terial , ranging up to 5.0 mm . The rind material 
of the western sampies is paler , in so me in
stances almost white . 

Stru ctllre. Macroscopic methods were used 
to study the structure of the chert and flint: 
stratification and zoning , cavities and micro
channels, and veins and recrystallized frac
tures. Stratification usually indicates sedimen
tation surfaces, whereas zoning may be the re
sult of diffusion processes affecting nodules 
or fragments broken loose from their primary 

depositional environment. Cavities and micro
channels often indicate organogenic struc
tures : e .g. hollows left by shelled organisms 
or the remains of dissolved carbonate shells or 
skeletal supports. In the present work, the 
cavities proved to be highly significant; for in 
Carboniferous specimens there often occur 
hollows left by the stern ossicles of crinoids , 
circular in cross section and rectangular in 
longitudinal section. These hollows are of mi
croscopic size, whereas in Cretaceous speci
ments the rind often exhibits la rge hollows , 
varying in diameter between 0.1 and 3.0 mm . 
The veins and healed fracture surfaces are 
evidence of fracturing and recrystallization 
after diagenesis. Small fault s were also de
tected . 

Density. The density of 17 of the largest 
sam pies was determined by water immersion 
method. The density varied from 2.39 to 2.61 , 
with both the lowest and highest values ob
tained from Carboniferous sampies. Disper
sion of values was observed in the Cretaceous 
research material as weil. 

ROCK TYPES 

Definition of terms 

Flint and chert are among the oldest known 
industrial rocks. For at least half a million 
years they have been used for applications 
that require a tough and compact structure 
and sharp cutting edges . During the Stone 
Age, they were used to make tools and weap
ons - serving purposes in which they were 
eventually replaced by steel. In the late Stone 
Age , tinderflints were used in fire-making . 
Later the Romans used flint pebbles as a sur
facing for their famous roads and in the Middle 
Ages flints were utilized as building material 

in rubble walls . In more recent times , the 
stone found extensive use as gunflints for flint
lock guns. Nowadays , flint and chert are uti
lized in pottery and glass manufacturing (flint 
glass) and in ball mills in place of steel balls. 

Among archaeologists the term 'flint' is 
used of all flintlike , fine-grained siliceous 
rocks. Geologically , in its proper sense, the 
term ' flint' should be applied to Cretaceous , 
almost black nodular chert (Thurston J 978 , 
Hauptman 1981). The terminology for the fine
grained siliceous rocks is manifold and scat-



te red in numerous publications, but the most 
common terms are defined in Carozzi (1960), 
Pettijohn (1975), and Blankenburg et al. 
(1982). It may be added that the German term 
' Hornstein' and the French term 'silex' are 
synonymous with 'chert.' 

Flint, in its geological meaning , is the varie
ty of chert having the most exploitable me
chanical properties. In Europe it is found in 
Cretaceous beds, and in general it is most 
likely to occur in rocks of Cretaceous age. 
Younger cherts contain varieties of opal and 
cha\cedony , which together tend to make the 
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material more brittle. Older cherts are recrys
tallized to a greater extent and are not so easily 
flakable as flint. 

The excellent mechanical properties of flint 
can be explained by its microtexture, which 
consists of a network of quartz crystallites 
with numerous pores filled with water. This 
texture makes flint tough and hard and subject 
to conchoidal fracture, and gives it sharp and 
durable cutting edges. The pore-water content 
is an advantage in heat treatment, in which 
the mechanical properties can be varied for 
specific tasks. 

Genesis 

The genesis of flint nodules in chalk has 
puzzled geologists for more than a hundred 
years ; Shepherd ( 1972) presents a summary 
with detailed references. According to the syn
genetic theories , si lica precipitated contempo
raneously with the sedimentation of chalk, but 
according to the penecontemporaneous theo
ries it precipitated in a diagenetic stage. Mo
dern theories explain flint nodules as epigenet
ic : silica was precipitated from ascending 
ground waters as concretional re placements 
after the chalk formation had risen above the 
sea level. The silica was mainly dissolved from 
siliceous sponge spicules embedded in chalk, 
wh ich was subjected to the leaching action 
of rain and river waters . The precipitation of 
flint was controlled by the position of the 
ground-water table . 

European deposits of flinty materials, many 
of them exploited as early as prehistoric times 
(Ball 1931 , Shepherd 1980), are associated 
with limestone, usually chalk (Herfort & AI
bers 1981). The host rocks of the European 
deposits form two genetically different groups: 
the flint s of northern Europe, associated with 
low-water sea phases (Werner 1974), and the 
cherts of southern Europe , associated with 

geosyncJinal deep-sea phases (Herfort & AI
bers 1981) . 

Chert is a cJass term for chemically precipi
tated , chemically very pure siliceous sedimen
tary rock (Cressman 1962). It is composed of 
opal, chalcedony and quartz with a few char
acteristic accessory minerals and occasional 
organic residues , indicating the original host 
rocks (Carozzi 1960). Chert occurs mainly as 
primary bedded deposits (Pettijohn 1975). The 
bedded chert may have originated as a bio
genic siliceous ooze in deep sea sediments 
(Kastner 1979) or a vo\canogenic deposit in 
Precambrian rocks; whereas the nodular chert 
variety (flint) is believed to have formed by 
silicification associated with the weathering of 
limestone or dolomite (Buurman & Van der 
Plas 1971) . These cherts (flint in the geological 
sense) maybe therefore be younger than their 
host rock. From Precambrian to Early Paleo
zoic , the bedded cherts are predominantly 
chemogenic , mostly banded iron formations 
(jaspilites) , whereas the younger cherts are 
usually biogenic (Thurston 1978). 

Jasperoids are sporadically formed in meta
somatic processes and in gossanlike and sil
cretic supergene replacements. Characterized 
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by replacement textures and relict minerals 
(Lovering 1972), they often contain chalced
ony geodes (agates , if color-banded) and 
amorphous silica filling the voids and frac
tures. In metamorphism , the various primary 

and secondary sil iceous rock types undergo 
textural and mineralogical changes, which in 
most cases destroy the possible primary fea
tures. 

Petrographie properties 

The microscopic properties of siliceous 
rocks can be determined from thin sections or 
chips under a polarizing microscope . Thin 
translucent chips, suitable for study under a 
polarizing microscope, can be prepared by 
W. Wetzel's method (1922) with a steel pick 
and hammer. 

Silica may occur as opal, chalcedony or 
normal quartz. These silica polymorphs can 
be positively identified by optical microscopy 
from thin sections or from chip sam pies em
bedded in an appropriate immersion liquid . In 
younger cherts , opal is composed of amor
phous silica with disordered low tridymite 
crystallites (Kastner 1979); chalcedony is com
posed of quartz with a fibrous texture and 
numerous micropores (Folk & Weaver 1952, 
Deer et Gi. 1963) , and occasionally in some 
younger cherts chalcedony appears in arare, 
optically length-slow form , quartzine (Folk & 
Pittman 1971 , Keene 1983) . Opal has been 
found only in rocks ranging from Recent to 
Tertiary (Pettijohn et GI. 1973); in older rocks, 
it has been crystallized to chalcedony and to 
microcrystalline quartz. In older cherts, the 
chalcedony occurs as granular , cryptocrystal
line and fibrocrystalline aggregates and the 
quartz occurs as a microcrystalline variety or , 
in coarse-grained cherts (properly called 
quartzites), as a macrocrystalline variety. 

Although cherts are pure silica (up to 97 - 99 
wt. % Si02), it has an impurity content reflect
ing the host rock it has replaced (cf. Cressman 
1962, Thurston 1972, Blankenburg er GI. 1982) . 
The impurity content of cherts can be accu
rately determined by chemical methods. Tra-

ditional wet-chemical analysis relies on the de
struction of large sam pies and therefore is not 
suitable for unique archaeological artifacts. 
But besides these there are instrumental chem
ical methods: for example , data can be ac
quired from polished specimen surfaces by 
electron probe microanalysis (Mommsen et (11 . 
1978) , while neutron activation analysis and 
energy dispersive systems in conjunction with 
a scanning electron microscope allow analysis 
even of unpolished fragments. 

The sedimentary , early diagenetic and meta
morphic textural features of cherts include 1) 
the primary textures of chemically deposited 
silica, 2) the relict textures of the silicified host 
rocks , and 3) the textures formed during dia
genesis and in metamorphism. These features 
can be observed from thin sections under low 
magnification , usually without polarization 
equipment. In bedded siliceous deposits, 
cherts usually show contraction , following the 
volume decrease of the gel occasioned by de
hydration during the diagenetic stage (Talia
ferro 1934) . Many cherts contain patches of 
their host rock (Carozzi 1960) , and some of 
them are surrounded by a grayish-white transi
tional zone (cortex) testifying to their incom
plete silicification . The relict textures of the 
silicified carbonate host rocks can be inter
preted by methods used in carbonate petrol
ogy. The microfossils in cherts may be cal
careous or siliceous or both , depending on the 
diagenetic stage and the metamorphic grade. 
The diagenetic chert beds may have remained 
homogeneous, laminated, microveined and 
rimmed or they may have been deformed to a 



breccoidal structure (Steinitz 1981). In meta
morphism, the chert is recrystallized to a mi
crocrystalline quartz aggregate, fine-grained 
quartzite, which only sporadically preserves 
the primary features (see, e.g., Kinnunen 
1982). 

The grain size of the quartz in the matrix 
was found to be a characteristic feature in the 
sampies we studied. The measurement of grain 
size was done with a petrographic microscope 
equipped with an ocular screw micrometer. 
Sam pIes were thin sections or chips. The grain 
size was measured under crossed polarizers, 
and with the gypsum plate inserted to enhance 
the grain boundaries of the silica minerals. The 
accuracy of the measurements was better than 
± 11-lm . 

The age of cherts is reflected in its grain 
size , which increases with age. In Precambrian 
specimens the grain size is related to the grade 
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of metamorphism (cf. , Tullis & Yund 1982, 
whereas in younger cherts, the increase in size 
is connected with mineralogical changes (Cal
vert 1983). The silica gel is first crystallized 
into tridymite and later into chalcedony and 
normal quartz. Stein (1982) has studied petri
fied woods by X-ray diffraction and found a 
similar increase in the crystallinity index, 
which most probably is a measure of the in
crease in the quartz crystal size that takes 
place as the age of the specimen increases. 

The grain size of cherts and other siliceous 
rocks is of importance to microfossil research, 
because it determines the resolution of the 
features to be observed in the microfossils re
placed by inorganic material. In most cases 
a magnification not exceeding 50X with a 
stereomicroscope suffices for research pur
poses. 

Results: Classification 

During diagenesis and metamorphism, the 
grain size of silica minerals tends to increase. 
This process is accompanied by mineralogical 
transformations and changes from sedimen
tary assemblages toward metamorphic assem
blages, wh ich are stable at higher tempera
tores and pressures. The grain-size increase 
together with other petrographically observ
able changes (Table 3) form the basis of our 
classification of the flinty materials into four 
main types. I) and 2) The sedimentary types 
are fine-grained siliceous rocks dating from the 
present to the Cambrian. On the basis of grain
size , they can be grouped intoj7inty (average 
max 0 < 20 I-lm) and cherty (average max 
o > 20 I-lm) types. 3) The jasperoidal types 
are silicified metasomatites, which were orig
inally magmatic or metamorphic rocks. Ac
cording to the definitions submitted by Lover
ing (1972, 1981) for North American silicified 
metasomatites, the cherty metasomatites 

found in Finland should be termed jasperoids. 
4) The quarzitic types of this study are meta
morphic derivatives of sedimentary or jaspe
roidal cherts. Precambrian cherts (now quartz
ites) are metamorphosed and most of them 
were originally chemical siliceous sediments 
with various amounts of impurities. 

Flint 

The matrix is homogeneous and fine-grained 
(7-21 I-lm). At low magnifications under 
crossed polarizers , it gives the impression of 
a smooth, light gray surface because of the 
aggregate birefringance. At high er magnifica
tions (at least 500X) , it is seen to consist of 
irregular chalcedonic grains with a pro
nounced undulous extinction. The matrix con
tains spherulites with a fine-grained chalce
donic filling. The microfossils are generally 
replaced by microfibrous chalcedony and/or 
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Table 3. Petrographie eharaeteristies of the referenee sampIes. 

Grain size of matrix grains 

Loeality Type Age Range Mean Number Siliea 
[flm) [flm) of minerals 

sampIes 

Vuotso , Sodankylä, Jasperoid Unknown 3- 10 5.7 5 Chalcedony, 
Finland quartz , opal, 

quartzine 

Eldsberga. Flint Tertiary' 7- 21 11.7 12 Chalcedony, 
Tönnersa . Sweden quartz 

Amosen and M0ns Klint. Flint Cretaeeous l 8- 17 12.8 IO Chalcedony , 
Denmark quartz 

Lake Seliger, Valdai. Chert Carboniferous I 22 - 44 32.2 19 Quartz , 
U.S.S.R. ehalcedony 

Hanhimaa. Kittilä , Quartzite Preeambrian 32 - 270 7 1.4 25 Quartz 
Finland 

I Aeeording to the mierofossil determinations , see the seetion Mierofossi ls . 

polygonal or drusy normal quartz. The rare 
macrofossils are composed of carbonate mi
nerals. The matrix contains various amounts 
of discrete grains of carbonate mineral s vary
ing greatly even within a single thin section. 
Primary textural feature s represent relict tex
tures of the silicified host rocks (Fig. 4). 
These features could be observed from hand 
specimens with the unaided eye and the mag
nification range of a hand lens (up to IOX). 
Apparently all the reference sampies from 
Sweden and Denmark and the ballast sampies 
are of the type described (Plate 3, A-D). 
Altogether 6 thin sections and 16 chip sam pIes 
were studied . 

Chert 

The matrix is coarser-grained (22-44 f,tm) 
than in the ca se of the flint variety. U nder 
crossed polarizers, it is observed to be com
posed of larger porphyroblastic grains and 
smaller chalcedonic grains irregular in outline 
and showing undulous extinction . The volume 
amount of quartz usually exceeds that of chal
cedony. Under unpolarized oblique lighting , a 
colloformic relict texture is observed, resem
bling primary carbonate rock textures . Relict 

carbonate mineral grains are usually present. 
The microfossils are composed of carbonate 
minerals with rare chalcedonic replacements. 
The primary textual features (Fig . 4) show 
the relict textures of the silicified host rocks 
as in the flint variety. Here , however , the 
relict textures are seen as lighter patterns 
against a darker background, whereas in the 
flint variety they appear as dark patterns 
against a lighter background. The sampies 
from the U .S.S.R. (Valdai) and the few tested 
archaeological artifacts are representative of 
thi s type (Plate 3, E and F). Altogether 2 thin 
section s and 19 chip sampies were studied. 
The chert, it may be added, is of world-wide 
occurrence and not restricted to the source 
areas of our reference sampies. 

Jasperoid 

Compared with the flint and chert. the jas
peroid is heterogeneous in grain size, texture 
and mineral composition, and it is usually dark 
brown (Plate 4) . The grain size varies from 
large relict quartz crystals to chalcedonic 
grains occurring in microgeodes and as 
spherules. Opal is observed in the center of a 
few fracture fillings . A globular texture prevails 



in some specimens. The optically identified 
silica minerals are chalcedony, quartz, opal and 
quartzine (chalcedony in the optically length
slow variety). These silica minerals together 
with limonitic masses form the vein and void 
fillings between the breccia fragments. The 
breccia fragments are fragments of silicified 
rocks showing relict carbonate textures and 
relict grains of quartz, amphibole, apatite, 
mica and carbonate. The grain-size measure
ments represent the silica material inside these 
breccia fragments. 

Genetically , the Finnish jasperoidal cherts 
can be interpreted as metasomatic Precam
brian rocks or considerabIy younger gossan 
formations , silcretes (see Summerfield 1983) . 
Some speciments contain fracture fillings of 
opal and quartzine , which indicate surficial 
or near-surface silicification and geologically 
fairly recent age (the presence of opal). The 
diagnostic feature of the Finnish jasperoids is 
the relictic c1eavage directions of the carbon
ate minerals (Plate 4, A - D). The sam pIes 
studied represent pebbles and cobbles from 
Vuotso and Muonio, northern Finland. Alto
gether 14 thin sections were studied. Our ar
chaeological sampIes from Neitilä site appear 
by the similarities in relict textures , grain-size 
range and mineralogical composition to con
sist of this local rock material. The jasperoidal 
rock types from Vuotso and Muonio are inter
preted as surficial silcretic formations . Brown
ish jasperoidal pebbles with similar relict tex
tures and a similar mineralogical composition 
have been found in esker pits in the Pohjan
maa and Kuhmo areas of Finland . 

Quartzite 

Fine-grained quartzites are commonly en
countered in bedrock in eastern and northern 
Finland and as pebbles in western Finland. 
These rocks represent in some cases meta
morphic equivalents of cherts and jasperoids. 
Some fine-grained varieties possess the same 
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Fig. 4. Line traeings of the typieal primary sedimentary 
feature s of the flint and ehert referenee speeimens . Blaek 
denotes the darker part of the speeimen and white its 
lighter-eolored areas. (A) Flint with reliet ealeareous bed 
remains; Amosen , Denmark; speeimen 16699: 225 . (B) 
Flint with reliet ealeareous bed remains and mierofault
ing: Halland , Eld sberga, Tönnersa ; Sweden; speeimen 
16708: 13. (C-G) Chert with reliet ealcareous bed re
main s: Lake Seliger , Valdai , U.S.S.R.: speeimens 618, 
3869, 635, 729 and 648 . (H) Chert with a lighter-eolored 
transitional zone depieting ineomplete silieifieation; Lake 

Seliger. Valdai , U.S.S.R. ; speeimen 939. 

tlaking properties as poor quality cherts. 
The diagnostic feature of the quartzites is 

their coarser grain-size compared with the 
three foregoing types (in most sampIes, over 
100 r.tm , see Plate 3, G and H) . Viewed with 
the unaided eye , this coarser granularity is 
evident in the shiny fracture surfaces. The 
annealing of quartz in metamorphism has pro-
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duced equant grains, usually with their tripie 
junctions approaching 120° angles. The min
eral composition is generally typical meta
morphic assemblage with quartz being the 
only silica mineral present. Characteristic ac
cessory minerals inelude carbonates, amphi
boles, micas, hematite and magnetite. No 
unmistakable microfossils have yet been 
found in Finnish examples of these rocks and 
they lack the primary voids characterizing the 
unmetamorphosed sampies. 

The Kittilä jasper was selected to represent 
the metamorphic chert types found in Finland. 
In bedrock it occurs at Hanhimaa, Kittilä, Finn
ish Lapland (Kinnunen 1982), and in the form 

of pebbles it occurs widely in eastern Lapland. 
The Kittiläjasper has been mentioned in an ar
chaeological connection by Vuorinen (1982). 
Mineralogically , it is composed of quartz , 
hematite and magnetite with accessory car
bonates. Its diagnostic feature is the primary 
texture (Kinnunen 1982, Plate 5 in this study). 
This is produced by red elasts of sedimentary 
origin, which can be grouped with ovoidal 
granules and fragmentary bed fragments. 
Under high magnification (from 200 X) , the 
clasts are seen to form different inner textures, 
reflecting the diagenetic stage of their original 
iron-silica deposits. Altogether 6 thin sections 
and 19 chip sampies were studied. 

SURFACE TEXTURES 

Use-wear marks 

The surface features on flint, chert and jas
peroid specimens consist of marks (fractures , 
scratches and polishes) left by the work of man 
(use-wear marks) and marks left by natural 
processes (here called natural surface tex
tures). Modern archaeological microwear re
search on prehistoric stone tools can be con
sidered to have begun with the publication in 
English translation of the pioneering work by 
Semenov (1964) on microscopic surface fea
tures. His critical observation was the direc
tion and distribution of striations on the work
ing edges or facets, through which the use of 
an ancient stone tools could be deciphered. 
He also described , though only on the basis 
of low microscopic magnifications , the main 
types of polish . These da ta enabled hirn to 
distinguish the marks left by soft materials 
(meat, workers' fingers, etc.) from those left 
by harder materials (bone, wood , antler, 
stone). With such observations, coupled with 

morphological information, he was able to 
identify the following types of tools ; saw, 
reaping knife (sickle), skin-dressing knife, 
whittling knife , meat knife , axe and adze . 

The types of polish resulting from rubbing 
the edges of stone tools on different organic 
and inorganic materials depend on several 
variables: tool material (flint , chert and other 
rocks and minerals) , properties of the worked 
material (its plasticity, hardness and impurity 
content, etc.) , working time (from a few mi
nutes to several months) , and operator vari
able (working habits) . Polish on stones is due 
to the formation of the so-called Beilby layer , 
which is amorphous , submicroscopic in thick
ness and easily leachable , such that the under
Iying scratches are again exposed (Webster & 
Anderson 1983, pp. 484-485) . In the 1970's 
Lawrence H. Keeley and his co-workers re
fined the Semenov method by analyzing the 
different types of polish at higher magnifica-



tions (Keeley 1974, ]977). Their method in
volves a comparison of the traces of wear on 
control specimens rubbed against known sub
stances to the polish of unknown origin (Kee
ley & Newcomer ]977). Recently, Moss (1983) 
was able to identify with reasonable certainty 
many worked materials on the basis of the 
traces of wear and the resultant different pol
ishes. Microwear analysis has made possible 
the identification of 1.5 m.y. old artifacts 
from Kenya (Keeley & Toth 1981). Holley and 
Dei Bene (1981) did a statistic evaluation of the 
results presented by Keeley and Newcomer 
(1977) and concluded that rigid worked ma
terials (wood, bone , antler) can be distin
guished from yielding materials (meat, skin/ 
hide , nonwoody vegetation) on the basis of the 
specific types of polish they engender. A more 
exact characterization of material, they argue, 
is at present unattainable. Attempts have been 
made to quantify the observed textural fea
tures (e.g. , Knutsson & Karlsson 1983), but 
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no definitive parameters have been found ex
ce pt the intensity of light reflected from the 
surface utilized measured under an incident 
light microscope equipped with a sensitive 
photometer. In a very few specimens, micro
scopic organic residues (plant fibers , pollen 
grains, phytoliths, nonrodent hair, rode nt hair) 
still adhere to the tool surfaces (Shafer & Hol
loway 1979). In ideal cases , these residues 
make possible an immediate and certain iden
tification of the worked material. 

Vuorinen (1982) has noted the potential use
fulness of microwear analysis for Finnish ar
chaeological lithic material. Among archaeol
ogists, however , little is known about natural 
surface textures , which often resemble man
made use-wear marks . For this reason we 
undertook a detailed study of the characteris
tic natural surface features of our material; 
below we describe our results and the labora
tory methods employed . 

Studies on natural surface textures 

A large amount of data has accumulated on 
the surface textures characterizing sedimen
tary particles ranging in size from sand to 
boulders. The surface features of particles in 
the sand-grain size are usually observed with 
a scanning electron microscope ; the critical 
observations indicative of former erosional 
environments are summarized by Krinsley and 
Doornkamp (1973). Data on the surface fea
tures on larger fragments can be found in Jud
son and Barks (1961), DeVries Klein (1963) , 
Krinsley and Donahue (1968) , Reineck and 
Singh (1973, pp . 123 - 125) and Pettijohn (1975, 
pp. 62-63). An unusually high lustre on the 
fractured surfaces may indicate ancient heat 
treatment (Olausson & Larsson 1982). In the 
case of silica, however , this possible feature 
is usually overmasked by amorphous over
layers , e.g ., desert varnish (Whalley 1983) and 

patina (Shepherd 1972), resulting from dissolu
tional and depositional phenomena. 

Natural surface textures were investigated 
in the present work with a hand lens (magnifi
cation from 6X to IOX) and with a stereo
microscope using an obliquely reflected light. 
A thin coating of diluted black drawing ink 
enhanced the microrelief and enabled observa
tions at higher magnifications under an inci
dent light microscope . The instruments con
sisted of a Nikon SMZ-1 stereomicroscope 
(magnification from 7X to 60X) and a Leitz 
Orthoplan microscope with incident light 
equipment and Leitz UMK objectives (mag
nification from 50X to 500X). A plastic cup
stage was constructed, on which the sampie 
was placed on plasticine. The cup-stage was 
used with both the stereomicroscope and the 
incident light microscope to allow the sam pie 
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to be tilted to a horizontal viewing position. 
The acetate peel methods used in lithic use
wear analysis (see Knutsson 1983) were tried 
but found unnecessary for most of the natural 
surface textures. 

In addition to the lens and microscopic ob
servations, laboratory simulation studies were 
made for the purpose of duplicating the ob
served natural surface textures and deter
mining the most probable erosional environ
ment of sampies. The material for this part of 
the study consisted of the archaeological spec
imens and comparative material described 
under »Sampie Descriptions» above and of 
some additional sampies as noted . 

Natural textures are seen on surfaces form
ed by fracturing , abrasion or dissolution , and 
the specimen may be angular, roundish or bear 
nearly planar surfaces, or facets, accordingly. 
U sually, the traces of at least two of these 
processes were found on the same specimen. 
A wholly angular outline characterized the 
manmade flakes , whereas naturally formed 
chips usually contained at least some rounded 
surfaces or abraded facets on the corners and 
plan ar surfaces. Many of these surfaces were 
etched in consequence of their long deposition 
in soils. The planes with manmade marks were 
generally situated on sharp edges, and not on 
concave surfaces as natural facet surfaces 
usually are. Natural facet s, resulting from 
glacial abrasion or eolian polishing , could 
further be identified through observation of 
their natural surface texture. In ideal cases, it 
is possible to read the flaking and erosional 
history of the specimen by determining the 
order of formation of the surface textures 
(Kinnunen 1983). 

On the basis of preliminary observations by 
lens and microscope , natural sUlface textures 
were elassified into four main types (Plale 6). 
These markings were seen under low magnifi 
cation and oblique lighting as dark-shadowed 
depressions . Glacial strialions (Plate 6, A), 

most commonly a few millimeters long, are 

found on fine-grained rock elasts from basal 
till. The shallowest striations occasionally 
show on their sides microfractures resembling 
chattermark trails, and a few striations possess 
a blunt head resembling the macroscopic nail
head and wedge striations often seen on glaci
ated bedrock surfaces. Mechanical pils in V
form (Plate 6, B) are found on pebbles from 
glaciofluvial deposits in Finland . These mark
ings occur both on fine -grained rock elasts and 
on individual abraded mineral grains of the 
coarser-grained rock types . Dissolutional 
depressions and pils (Plate 6 , C) are found on 
fragments from weathered rocks and sedi
ments. In Finland , these features are common 
on elasts ranging in size from individual min
eral grains, to boulders in Lapland. Percus
sion scars (Plate 6, D) typify the flint pebbles 
found among the imported ballast material. 
This textlIre typically occur on pebbles ex
posed to high-energy wave action on sea or 
ocean shores; they have not been detected on 
genuinely Finnish elasts. 

Simulation studies were done in the labora
~ory to duplicate these surface textlIre types. 
The test material consisted of glass slides, and 
the markings produced were investigated with 
transmitted and reflected light. In nature , glass 
seems to behave mechanically much like flint 
and chert. Thi s is borne out by the similar sur
face textures found on bottle glass and chert 
pebbles collected from recent high-energy 
shore environments in Greece and in the Ca
nary Islands. 

Mechdnical V -pits were duplicated by 
knocking a pebble against a slide held on a 
table surface. This mechanism models an 
environment where fragments are saltating 
against bottom elasts, e.g., fluvial bottom 
beds. In a similar way, percussion scars were 
duplicated by striking a slide against a pebble 
held in the other hand . This mechanism mod
els an environment in which fragments are 
striking against each other in a fluid medium , 



e.g., a shore environment with high-energy 
wave action. 

Dissolutional pits and depressions were 
duplicated by dissolving the surface with HF 
fumes . The solutional markings intensify the 
surface irregularities, making them deeper, 
and finally transform them into dissolutional 
pits. In nature such surface features indicate 
the leaching action of solutions on particles 
remaining for prolonged periods in weathering 
profiles. 

The microstriations were duplicated by ab
rading the slide with a hard mineral. The same 
texture was produced by rolling a sand grain 
between two slides. Very hard minerals (co
rundum, topaz , etc.) abraded a deep micro
groove, but the softer ones (feldspar, apatite, 
etc .) produced only faint striations , with dis
tinct chattermarks where the mineral frag
ment was kept temporarily stationary because 
of excess friction. These microfractures are 
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analogous in size and shape to the miscoscopic 
chattermark trails frequently seen, after etch
ing, on heavy mineral grains garnet , sphene, 
epidote, zircon, rutile, hornblende and elino
pyroxenes from glacial deposits (cf., Graver
nor et al. 1978). These striations with chatter
mark trails document the direction of move
ment of the abrading object relative to the 
stationary slide. In nature such features could 
be indicators of the direction of glacial ice 
flow , similar to the macroscopic chattermarks 
and crescentic scars and fractures seen on 
glacially abraded bedrock (see Fig. 22 in Prest 
1983) . 

Study of the different types of natural sur
face texture facilitated a classification of the 
specimens of the study into 1) historical gun
flints , 2) historical ballast sampies , 3) prehis
toric artifacts and flakes, and 4) genuine Fin
nish sedimentary elasts. In the following we 
describe our findings for each of these in turn. 

Results 

Historical gunflints can be distinguished 
from prehistoric material on the basis of the 
different surface features. The conchoidal 
fractures of flint typically exhibit ripples, 
called Wallner lines, and fissure fractures run
ning perpendicular to them (Williams 1983). 
Most historical gunflints were manufactured 
by c10bbing long blades that were originally 
cleaved from large flint nodules or chert frag
ments (Engström 1983) . The flat sides of gun
flint specimens are therefore characterized by 
oversized Wallner Iines relative to the size of 
the specimen. Moreover, the lines run perpen
dicular to the length in gunflint specimens, 
whereas in prehistoric artifacts, which were 
almost invariably fabricated along the length, 
they run parallel (cf. Kelterborn 1981). The 
bulbar sc ar typical of the fracture type of flint 
is lacking in many gunflints but is typical of 
prehistoric flakes (see Werner 1981). In addi-

tion, utilized gunflints exhibit on some edges 
microfractures engendered by the fire-making 
process. In most cases, these features set the 
gunflints apart from prehistoric artifacts, 
wh ich are characterized by Wallner lines ap
propriate in length to the fractured area in 
lengthwise orientation. 

About 50 pie ces of historical gunflint from 
the Finnish National Museum were studied as 
control samples (specimen 3698: 9). These 
gunflints are characterized by oversized Wall
ner lines, and the rareness of bulbar scars indi
cates that they have been flaked from long 
blades. The only specimen from the archaeol
ogical material with oversized Wallner lines 
was a single flake from Kukkarkoski (14558: 
129). This specimen was dated as Cretaceous 
on the basis of the microfossil determination. 
We would interpret it to be a historical gun
flint. Another specimen, this one from Ko-
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kemäki, Pispa (14957: 294), and also Creta
ceous according to the microfossil determina
tion, is a gunflintjudging by its form, although 
it lacks the oversized WaHner lines . 

On the possibility that some specimens 
could represent historical tindertlints, speci
mens from the so-called tinderbags (tuluskuk
karo in Finnish) were analyzed as controls. 
These specimens were F41 (Uusikirkko V.I.) , 
F1121 (archipelago of Uusikaupunki), F1158 
(Oulainen), and FI321 (Tohmajärvi) from the 
Ethnographic Collections of the Finnish Na
tional Museum. Additional tindertlints were 
analyzed from grave finds at Luistari, Eura 
(18000: 2031c, 4363), a site described by Leh
tosalo-Hilander (1982). The characteristic 
features of the tinderflints were their shape , 
microfracture bands at the edges, and rusty, 
usually magnetic metal dots due to striking 
against a steel blade or pyrite fragment during 
fire-making. None of the archaeological speci
mens was suspected to be tindertlint on the 
basis of these diagnostic features. 

Ballast tlints from the historical harbor sites 
of Mustikkamaa and Kuningassaari, in Hel
sinki, and of Reposaari, near Pori, were also 
studied as control sampies. Several dozen 
specimens were studied from each site. All the 
pebbles were rounded and shiny with percus
sion marks scattered on a smooth surface. The 
percussion marks indicate the impacts of peb
bles against each other or against larger cob
bles in a high-energy beach environment, e.g. 
on sea or ocean shores. The shiny surfaces 
may be the result of dissolution and, in a very 
few cases, of long continued eolian action. 
Naturally fractured surfaces were common , 
but these were almost always more weathered 
than the surfaces of the artifacts . Some of the 
fractures probably were the result of frost 
pitting (cf. Shepherd 1972). 

A few large tlint boulders of ballast origin 
from Mustikkamaa, Helsinki, had in addition 
preserved the original whitish transitional 
zone (or cortex) of the flint nodule against 

its chalk host rock. This transitional zone was 
from 0.1 to 0.5 mm thick and consisted of chal
cedony spherulites , chalk remnants and micro
and macrofossils preserved as carbonate min
erals. The surface texture of the zone depicts 
the original textures of the chalk host rock. 
On weathered or abraded specimens it was 
characterized by chalcedony spherulites and 
fossil molds. 

The archaeological material examined in 
this study consisted mainly of flaking debris . 
The debris was systematically scanned 
through, and the surface features were co m
pared with the reference surface features. In
terestingly , none of the archaeological arti
facts and flakes determined by microfossil 
analysis to be of Carboniferous age contained 
naturally rounded surfaces with percussion 
marks. This indicates that they originated 
from bedrock deposits. Two flakes from Lie
to, Kukkarkoski (19750: 68) and one from Tai
palsaari, Vaateranta (20659: 155) , contained 
calcareous material on one side, indicating their 
origin from primary chert beds. Two of the 
very few Cretaceous artifacts possessed a 
rounded surface with percussion marks: these 
two specimens were from Kukkarkoski 
(19991: 793) and Kokemäki, Pispa (14957: 
322). The origin of these tlakes is problematic. 
They could be 1) historical guntlints manu
factures from smaH pebbles, which would ex
plain the lack of oversized WaHner lines , or 2) 
they could be historicalor prehistorical tinder
tlints. Two archaeological tlint specimens pos
sessed a thin cortex crust: Köyliö , Eskonkal
lio (12203: 8) and Renkomäki (18501: 1567). 
Both were tlakes. Dissolutional features were 
observed on one side of a flint scraper from 
Lammila (6134: 16) and on one side of a chert 
tlake from Renkomäki (18501: 1567) . Only two 
archaeological artifacts in our research ma
terial possessed distinct traces of use-wear in 
the form of abraded planar facets with stria
tions and a polish formation. Judged by their 
morphological properties, these specimens 



were implements: a scraperlike implement 
from Hinnerjoki, Lammila (6128: 45), and a 
knifelike implement from Harjavalta, most 
probably ablade from a sickle (20493: 550). 

Two jasperoid flakes from the Neitilä site 
(1567: 1110 and 16145: 2055) likewise exhib
ited rounded natural surfaces. These flakes 
were devoid of microfossils, and petrographi
cally they deviated from the local jasperoid 
rocks . The rounded surfaces were character
ized by dissolution pits on a shiny surface 
scattered with V-pits and a few striations. 
These features suggest an origin in a weath
ered soil containing pebbles and dobbles that 
had been mobilized by glacier action. Similar 
natural surface markings were observed on 
one jasperoid boulder from Vuotso (specimen 
No. 6, E. Hyyppä, yellow globular variety). 

The jasperoid and quartzite pebbles and 
cobbles occurring naturally in Finland were 
distinguished by their highly typical glacio
genie surface features (see Kinnunen 1983). 
Striae were often seen on the flat areas of till 
elasts. Glaciofluvial elasts could be identified 
by their mechanical V -pits and generally 
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smooth contours. Finnish elasts have fre
quently preserved the marks of several trans
portation cyeles. Jasperoid elasts from Lap
land in addition showed dissolution pits and 
depressions, which most likely indicate solu
tional conditions that prevailed during inter
glacial, interstadial or postglacial tundra soil 
weathering. If natural flint elasts were to be 
found in Finland , they would Jikely exhibit at 
least some of such glaciogenic surface fea
tures. 

Finally, surface textures give information 
about the industrial history of the specimens. 
The Carboniferous cherts among the archaeol
ogical material appear to have originated from 
outcrops, since they totally Jacked rounded 
surfaces. By contrast, the Cretaceous flints 
among the archaeological material possessed 
rounded surfaces, which indicate that they 
were collected as loose pebbJes and cobbles. 
The jasperoids occasionally possessed 
rounded surfaces, which indicate that some 
of them were collected as loose sedimentary 
fragments. 

MICROFOSSILS 

Earlier studies 

The study of microfossils in flinty material 
was begun by the German »microgeologist» 
Ch. G. Ehrenberg in 1838, when he observed 
the presence of dinoflagellates in Cretaceous 
flint. The systematic study of flint was first 
taken up Ehrenberg's countrymen W. and O. 
Wetzel, with the latter concentrating on mi
crofossils. Noteworthy among micropaleon
tological studies of flint in the Baltic region 
are the publications of O. Wetze I from the 

years 1933-34, 1943, 1950, 1951, 1956, 1957 
and 1961, which deal with forms of the Creta
ceous and early Tertiary periods. Around the 
same time, Eisenack (1931) was concentrating 
on Palaeozoic microfossils of the Baltic region, 
and his findings served as a basis, in part, for 
the identification of the older cherts occurring 
in the region. 

The microfossils contained in cherts and 
flints comprise a wide range of the fauna and 
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flora of sea and littoral environment. Owing to 
the mode of origin of these rocks , the diatoms 
and silicoflagellates that originally perhaps 
were abundantly present in them have in gen
eral totally dissolved . Well-preserved radio
larians have not been found in the Baltic re
gion either. On the whole, the originally cal
careous-shelled bryozoans, foraminifers, ser
pulids , ostracodes and fragments of echino
derms have been better preserved . Their orig
inal composition is likely to have changed dia
genetically. According to W. Wetzel (1951), 
the calcium of bryozoans in Cretaceous flint 
occurring in Denmark has undergone silica
tion . The calcium of foraminifers mayaiso 
have disappeared , while the chitinous shell has 
been preserved . In the case of siliceous 
sponges the pyritized filling of the canal sys
tem may have been preserved (0 . Wetzel 
1943). Although the chalk of the Cretaceous 
period has derived mainly from coccoliths , 
these have not in general been preserved in 
flint owing to their ti ny size. 

According to W . Wetzel (1971), the spheri
cal and oval shells measuring 60- 80 f.tm in 
diameter and speckled with pyrite crystals 
found inside silicated sea urchins (Echinoidea) 
correspond to pOIl!osphaero sp. coccoliths. 
Among the flints of M0ns Klint , there occur 
spherical shells of this type , but these we 
should prefer , to designate the proloculus 
stage of foraminifers. 

In addition, the marine fauna in cherts and 
flints is represented at least by the ostracodes, 
crustacean larval froms (nauplii), and the 
stemossicles of tiny crinoids. Older forms than 

the foregoing are the melanosclerites , grapto
Iites and chitinozoans found in the artifacts 
of Ordovician flint from Gotland (Laufeld 
1971 , Tralau 1974) . 

Another important group consists of micro
fos sils of marine plankton , which are known 
from the Precambrian to the present day. The 
oldest phytoplankton are now c1assed among 
the acritarchs , the origin of which is unknown 
(Evitt 1963) . Likewise, the oldest Palaeozoic 
hystrichosphaerids are c1assified as acritarchs. 
According to Eisenack (1967) hystrichosphae
rids with the dinoflagellate armor made their 
appearance during the Lias Epoch and became 
common late in the Jurassic Period . From the 
Cretaceous and Tertiary Periods there are 
dinoflagellate forms suitable for dating, and 
these are weil preserved also in flint s. The 
microflora is represented, in addition , by 
spores, pollen , calcispheres and by other 
calcareous algae. 

Fundamentally present in flint s, too, are re
mains of marine Phaeophyta . Their micro
scopically small cellular patterning resists de
struction even under the macerative action of 
an acid preparation . The Phaeophyta that have 
been found indicate shallow deposition (W. 
Wetzel 1963) . 

Megascopic remains of wood are also found 
with si liceous rocks. Petrified wood has been 
found in Schieswig-Hoistein (Haas 1889) , and 
this, along with other petrified blocks occur
ring in Schleswig-Hoistein, has been desig
nated by W. Wetzel (1913) as belonging to the 
genus Podoc(/ rpoxy!oll. 

ResuIts 

The chert and flint microfossils discussed in 
the following comprise comparative material 
from outside Finland - the Soviet Union , 
Denmark and southern Sweden - and Finnish 
material collected from Stone Age sites and 

ballast heaps discharged by sailing ships. 
Plates 7-40 present photomicrographs of mi
crofossils representative of the sam pie materi
al. Different methods were used in their pro
duction. The attempt has been made to identi-



fy the fossils by genera, which in the case of 
certain groups of organisms suffices for a 
rough dating. In some instances, the preval
ence of a given group of organisms, as, for 
example , bryozoans contained in Danian flint 
formed in Bryozoan limestone , suffices for 
dating. 

Our principal objective in analyzing these 
flinty materials was to be able to choose be
tween two alternatives: a southwestern Cre
taceous and Tertiary time of deposition or an 
eastern Carboniferous time of deposition. Be
cause of the great time difference, the choice 
should be easily made provided microfossils 
are present in sufficient abundance. Regret
tably , only apart of the sampies proved to be 
sufficiently microfossil-bearing. A more thor
ough morphological analysis of the material 
will therefore be necessary as a supplementary 
study, one in wh ich the outwardly visible 
properties and, especially , grain-size composi
tion of the chert and flint are taken into ac
count. 

No position could be taken on the possible 
transportation to Finland of Cretaceous flints 
occurring in eastern Europe. But the possible 
proportion of this type of stone among imports 
from the east must in any event have been 
substantially smaller than the proportion of 
chert from the more widespread occurrences 
of the Carboniferous period. 

Foraminifers 

The foraminifers , which fall into the main 
subc1ass of protozoans, have been classified 
into some 27000 species, belonging to 1200 
general and 100 families . Foraminifers are a 
central and important fossil group in micro
paleontology , as they make it possible to date 
drilled core sampIes taken from sediments and 
sedimentary rocks. The evolution of these 
single-celled marine organisms probably began 
as early as the Precambrian. 

The foraminifer content of the chert and 

3 
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flint transported to Finland and studied as 
comparative material varies. Foraminifers 
were relatively most common in chert from 
the Valdai region . 

The most common basis for the classifica
tion of foraminifers is the morphological ap
pearance of the surface of the shell , though in 
some cases also the cross-sectional patterns of 
the shell are helpfu!. U sually the most im
portant diagnostic features are the material of 
the shell, the structure of the chambers and 
the porosity of the shell (openings, foramina) . 

J. Eastern material 

As the basic material for the study of fora
minifers we selected sampies of the Carbonif
erous chert from the USSR: from the Valdai 
region, the southeast side of Lake Onega and 
the east side of the White Sea. Some of these 
sampies contain wellpreserved foraminifers . 
The species dating from the Carboniferous 
period belong to fewer families than those 
from the Mesozoic era , when the differentia
tion of species reached a peak. 

During the Carboniferous anl Permian the 
dominant superfamily was Endothyracea, 
which was represented by the largest number 
of families (Brasier 1980, p. 120). Other main 
superfamilies were Fusulinacea, Miliolacea, 
Lituolacea, Ammodiscacea and Lagynacea. 
Small foraminifers of the Carboniferous period 
are relatively common in the chert sampIes 
from the Valdai region (66 in number). Lack
ing are the large littoral forms typical of the 
Carboniferous period. The predominant form 
is the spiral shell of the Endothyridae family , 
which is divided into chambers by semi-parti
tions extending from the outermost side. The 
spiral direction generally varies . Examples of 
Endothyra species are presented in Plates 7 
and 8. The genus in cosmopolitan: observa
tions have been reported from Europe , North 
America, Africa , Japan and South America 
(Loeblich & Tappan 1964) . In the USSR it 
has been reported to occur in Lower Carboni-
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ferous deposits (Mikhaylov 1939, Rauzer
Chemousova & Fursenko 1959, Lebedeva 
1954, Rozovskaya 1961). According to Po
korny (1958), Endothyra flourished during the 
Lower Carboniferous, but as early as the 
Westphalian age it underwent a decline. It was 
during the Permian Period that Endothyridae 
became extinct. 

Another common foraminifer type in the 
eastern material is the Textrulariidae Ehr. 
family. Among the characteristic features of 
this family is the initially planispiral coil form, 
which is usually biserial. The wall is aggluti
nated, simple. Examples of types belonging to 
the Textularia Defrance genus are shown in 
Plates9, lOand 15. ExamplesoftheTextularia 
genus can be found from the Devonian period 
to the present day; it was relatively most co m
mon during the early Carboniferous period , 
declining in the latter part of the period (Rau
zer-Chernousova & Fursenko 1959) . 

A form cJosely resembling Textulariidae is 
Cribrostomum textulariforme , which was first 
described by Möller (1878 , 1879) and which, 
according to Loeblich and Tappan (1964), cor
responds to Climacammina, which belongs to 
the Palaeotextulariidae Galloway family. The 
opening appearing in the top view of Textula
ria has a single low arch (Plate 10, E), but Cli
macammina has a multiple aperture. The 
maximum occurrence of Cribrostomum tex
tulariforme was during the Lower Carbonifer
ous (Pokorny 1958). The thick-shelled forms 
granulated on the surface, shown in Plates 9, G 
~d 10, B, also probably belong to the Palaeo
~xtulariidae family of the Carboniferous-Per
mian. The material affords as weil, views of 
forms that are not discussed in this work . 

An attempt to locate the foregoing species in 
the foraminifer diagram drawn up in the USSR 
(Rauzer-Chemousova & Fursenko , 1959) to 
cover the different geological periods, shows 
the best correspondence with the fauna of the 
lower part of the Carboniferous Period , in par
ticular with Endothyridae, Textulariidae and 

Tournayellidae types. No observations of 
Astrorhiza or Fusulinida forms were made in 
the Valdai material. The maximum occurrence 
of the former falls at the boundary between 
the Devonian and Carboniferous Periods and 
that of the latter from the Middle Carboni
ferous to the Permian . The chert of the Valdai 
region possibly dates from the time between. 
The absence of littoral Fusulina forms could 
also be due to sedimentation conditions. 

The conditions under which ancient sedi
ments formed can be elucidated with the help 
of present-day representatives of the foramini
fers . According to Pokorny (1958), the major
ity of the Textulariidae foraminifers fall into 
depth zone B ofNorton's (1930) classification , 
corresponding to depth zone 9- 110 m and a 
temperature range of 18 .9- 24.8°C (in the case 
serving as an example). 

According to Boersma (1978) , Textularia 
belongs among the benthic forms of the deep 
inner shelf. 

The sampie in the eastern material from 
Krasnaja Gora, on the east coast of the White 
Sea , contained two different foraminifer types. 
One of them , shown in Plate 16, figures A and 
B, resembles forms ofthe Endothyridae family 
in the Valdai region. The forms shown in Plate 
17 , figures A - D , are probably of the Fusuli
nacea type, though the exact genus is not 
clear. The littoral foraminifer possibly under
went erosion to a greater extent than the 
others. It may be concluded, however , that 
the form in question is Palaeozoic, most likely 
Carboniferous or Upper Devonian. The pau
city of material does not allow a more precise 
estimate. Compared with the chert of the 
Valdai region , the chert from Krasnaja Gora 
would appear to be derived from silica gel 
depsited in shallower water. 

2. Western material 

The western material included sam pies from 
southern Swedish and Danish early Tertiary 
(Danian) and late Cretaceous (Senonian) for-



mations (cf., Wemer 1974). The flints dating 
from the Danian are gray, translucent in thin 
flakes, and often contain cavities filled with 
carbonate. The Danian flints are divided into 
three subtypes: Bryozoan limestone flints, in 
which bryozoan fragments can often be seen 
without magnification; coccolith chalk flints , 
which are gray-yellowish brown and »thick
shelled »; in coral limestone , in which flint 
proper had not formed but silicated bluish
gray portions occur (Werner 1974) . Flint dat
ing from the Danian age occurs in Sweden in 
southwestern Skäne. In Denmark , the area of 
its occurrence is more extensive; there are 
large deposits especially at Stevns K1int. In 
the past , Danian flint was a coveted raw ma
terial for weapons (Luho 1946) . 

The Senonian flints of the Kristianstad area 
in Sweden are dark gray-brownish violet and 
mottled with smalI, white spots and flecks 
about 1 mm in diameter. Well-known forma
tions include Hanaskog in southern Sweden 
and M0ns K1int in Denmark. 

Flinty material older than the Danian and 
Senonian flints and also used during the Stone 
Age is found in Sweden. The chert of Kinne
kulla dates from the Upper Cambrian (LaufeId 
1971) . The chert (»flint ») blocks and Stone 
age implements in Gotland contain fos sils and 
microfossils, which have allowed the chert 
from the area to be dated as U pper Ordovician 
(LaufeId op.cit.) or Middle Ordovician (Tralau 
1974). 

The number of foraminifer species was sub
stantially larger in the Cretaceous and Tertiary 
Periods than in the Carboniferous Period , but 
in the flints se rving as comparative material 
their presence was smalI. In his extensive 
studies, O. Wetzel has not presented unprob
lematic foraminifera-fauna rich in forms, 
either. One reason for the paucity of species 
and individual s may be the presumed tendency 
of flint to form under conditions in wh ich sil
ica-shelled flora was strongly represented 
among plankton organism. At any rate , such 
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late Cretaceous and Palaeogene forms as 
Brotzen has described from southern Sweden 
(Brotzen 1936, 1937 , 1948) are only to a small 
extent observed in flint. Norling (1972, 1981) 
has described foraminifers also from the Ju
rassic and Lower Cretaceous Periods in Swe
den . Glohigerina types of the Cretaceous 
Period from the Fakse district in Denmark 
have been studied by Reichel (1952), and 
forms of the Lias epoch by N0rvang (1957). 
The gray flint (16708: 7) found at the Elds
berga Tönnersa Stone Age site in Halland , 
Sweden , contains as a cros-sectional pattern a 
form probably belonging to the Lingulininae 
subfamily (Plate 19, D) . It resembles the six
keeled Mu cronina Ehr. form, wh ich is known 
from the Miocene to the present day (Loeblich 
& Tappan 1964), and also the cross-section 
of the eight-keeled Nodosaria sp. described by 
Samuel et al. (1972 PI. 23: 1) from an early 
Tertiary deposit in the western Carpathians. 
The many Bryozoan fragments present in the 
same sampIe indicate that the flint has formed 
in the Danian Bryozoan limestone . 

In the flint from Denmark held at the Mu
seum of the Geological Survey of Finland 
(GSF), the most prevalent form is a tiny (c. 
0. 14 mm) one, morphologically of the Textu
laria type but smaller , and whose shell is not 
agglutinated like that of Textularia. In alllike
lihood , it belongs to the Heterohelicidae Cush
man family. Heterohelix Ehr. (syn. Gümbe
Iina Egger) is si milar in size and shape, being 
a late Cretaceous (Maastrichtian) form , ac
cording to Loeblich and Tappan (1964). It is 
noteworthy that the foraminifer found inside 
an Echinoidea (W. Wetzel 1971 , Tab . 1, Fig. 4) 
closely resembles the form in the GSF muse
um sampIe. It has likewise been dated as be
longing to the late Cretaceous Period. 

Reports on foraminifers of the Globigerina 
type from the Cretaceous/Tertiary Period in 
Denmark have been published by , among 
others, Troelsen (1957) , Berggren (1962) and 
Bang (1980). Foraminifer types of the same 
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kind have been described also from north
western Germany (Hiltermann & Koch 1962). 

3. Material transported to Finland as ballast 

The rocky material , mostly flint pebbles, 
carried by sailing ships as ballast , represents 
the Tertiary/Cretaceous Period . Though fora
minifers are infrequently present in this ma
terial, the following observations may be 
noted . In the limestone found mixed with the 
flint pebbles of Halkokari, Kokkola , one can 
see in the acid-maceration preparation chitin
ous foraminifer shells , which resemble the 
Trochiliascia sp. described by Van Erve 
(1977). The thin section of a flint from Musta
kari , Kokkola , shows an abundance of tiny , 
well-preserved , spherical foraminifers , which 
occur both individually and grouped into coni
cal rows. 

In Plate 22, C, can be seen a thick , porous 
foraminifer shell. The diameter of the largest 
spherical chamber is c. 0.4 mm . The form 
probably belongs to the Nodo saria Lamarck 
genus. Range: Permian to the present. 

In a gray flint found on the island of Iso
Vehanen , Uusikaupunki , there can be seen in 
cross section on a microscope slide ovate , 
thick-walled shell, fi1led with microcrystalline 
quartz and chalcedony crystals (Plate 25, A, B 
and C). At the apical opening the shell has 
thickened . On the surface of the opposite side, 
tiny prickles can be seen. The form probably 
is of the genus Oolina d'Orbigny , which is 
known to range from the Jurassic to the pre
se nt day. A similar form , Oolina apiculata 
Reiss ., has been found in Upper Cretaceous 
deposits in Poland (Loeblich & Tappan, 
op.cit.) . Also Lagena cf. hispida Reuss. , de
scribed by O. Wetze I (1933) , which occurs in 
flints of Chalk in northern Germany, resem
bles the Iso-Vehanen form . It has been ob
served to display the following alterations: 
pyrite fillings in the shell pores , chalcedony 
filling of the inner portion and disappearance 
of the calcite from the shell. 

4. Stone A ge material transported to Finland 

Because of the lack of chert and flint in Fin
land, the Stone Age inhabitants of the country 
were compelled to import these rocks as raw 
material or as finished implements from what
ever source was available . On the basis of the 
distribution of materials used to fashion weap
ons and other artifacts and of the production 
technique and characteristic external features 
of the rock, it has been possible to conclude 
that some of the material was imported from 
the east and some from the west. Thus Ailio 
as early as 1909 took the position that the ar
rowheads and small scrapers found elsewhere 
than in southwestern Finland differed from 
the Scandinavian types . In his opinion, the 
rock used - insofar as it did not have a whit
ish or grayish tinge but was instead of a light 
or dark reddish color or brown - was similar 
to the Carboniferous chert occurring in the 
region between Tver and St. Petersburg (pre
sent-day Kalinin and Leningrad). It appeared 
to hirn also that flint dating back to the Creta
ceous period had been brought to Finland from 
the Rybinsk and Tver areas. 

Flint of Cretaceous origin was nevertheless 
brought to Finland in largest quantitities from 
the west , with the Aland Islands and south
western Finland being the main recipient 
areas. In more recent times, increased re
search and material have suggested more di
verse cultural connections and created a need 
for palaeontological studies. 

In the following we describe so me examples 
of microfossils contained in the Stone Age ma
terial, along with rough datings. 

Lieto , Kukkarkoski (19750: 68). Foramini
fers are somewhat indistinct1y visible in red
dish chert. The individual on the left in Plate 
33, D, appears to be of the Endothyridae type; 
the possibility of its being a Rodalidea cannot 
be excluded. If the first alternative is deemed 
more probable , the dating must be Carboni
ferous . The diverse origin of the material 
under this catalogue number is indicated by 



the acidmaceration preparation made of an
other rock fragment , which was found to con
tain early Tertiary (Paleocene) dinoflagellates 
(Plate 40, D, F, I, Land M). 

Lieto, Kukkarkoski (19991: 793). In a gray, 
flintous rock rounded at the edges there is a 
Textularia form, which would suggest a con
nection with the Valdai material (Plate 33, B). 
The form differs from the younger, Cretaceous 
H eterohelix (Syn. Gümbelina) type. The spon
gian spicules contained in the rock and the 
surface markings indicative of pounding of 
shore stones (similar to those found on many 
ballast flints), lead us to a tentative dating to 
the Cretaceous Period. 

Taipalsaari , Vaateranta (20659: 403) . The 
montley brown chert contains large numbers 
of foraminifers of the Endothyra sp. and Tex
tularinae type (Plate 32) , indicating a Carboni
ferous origin . The presence of tiny crinoid 
fragments supports the dating. 

Taipalsaari, Vaateranta (20659: 213) . Con
tained in the dark gray chert is a conical fora
minifer with a nodular surface, wh ich resem
bles the Nodosaria genus . The type does not 
yet occur in the Carboniferous Period but is 
common in the Cretaceous . According to Po
korny (1958) , similar forms evolved out of dif
ferent original forms , but a more precise iden
tification by family and genus would require a 
sharper resolution of the structural features 
than was obtained in our photographs. In the 
present instance , too , the foraminifer under 
consideration (Plate 31, B) must remain un
identified , though a Carboniferous dating can 
be made on the basis of the crinoid fragments. 

Taipalsaari, Vaateranta (20659: 1253). In a 
light gray chert , there occurs an irregularly 
spiraling shell. Its surface , of maximum diam
eter 1.5 mm, has the luster of porcelain with 
a pattern of nodules and pores (Plate 31 , E , 
diagonal view 31, F). Distinguishable on the 
surface is a canaliculate keel, which is typical 
of the forms belonging to the superfamily Glo
bigerinacea Carpenter , Parker & J ones. The 
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form resembles the species Globotruncana 
contusa (Cushman) (cf. Rauzer er al. 1959, p. 
414). Representatives of the Globotruncana 
genus have especially been described from de
posits dating back to the la te Cretaceous (cf. , 
Boersma 1978). The faintly visible Textu
larina-type foraminifers present in the sampie 
make dating uncertain, however. 

Kokemäki, Pispa (14957: 322). In macera
tion preparation of the gray flint there are tiny 
chitinous foraminifer shells insoluble in acid 
(Plate 36, A). The form resembles the Trochi
liascia sp. described by Van Erve (1977) from 
a Lower Jurassic deposit. The dinoflagellates 
appearing in the same slide are younger, how
ever , (Plate 39, C , E , G , H, J, K and N) , and 
the estimated time of deposition is the Creta
ceous Period (cf. also O. Wetzel 1933, 1934). 

Viipuri , Häyrynmäki (5620, 76). Gray chert 
contains an abundance of microfossils, some 
of them similar to the Textularia-type foramin
ifers in the material from Valdai . 

Lahti, Renkomäki (18501: 1524). This chert 
also contains foraminifers, but here the de
tailed features are not clearly distinguishable. 
Eastern Carboniferous species would appear 
to be in question , as features of Endothyra 
and Textularia forms can be observed. Faintly 
visible crinoid fragments in the rock support 
the dating. 

Bryozoans 

The bryozoans (polyzoans, moss animals) 
were first definitely identified from rocks of 
Ordovician age. The zooecium ofthe individu
al polypide is very small but the bryozoan 
skeletons composed of calcium carbonate are 
fossils proper in ancient deposits . Bassler 
(1953) differentiates 1227 genera . According 
to Brood (1978) , the bryozoans comprise 4000 
living and 15000 fossil species. 

The phylum Bryozoa has its chief signifi
cance in paleoecological and biographic re
search, but it may be expected to prove serv-
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ieeable as a stratigraphie tool as weH (Brood 
1978). In Bassler's (1953) eompilation, the 
stratigraphie oeeurrenee of known forms is 
presented along with the speeies deseriptions. 
In the work at hand, deseriptions of speeies 
have been avoided owing to imperfeetly dis
tinguishable details. The signifieanee of the 
bryozoan observations is not limited to the 
interpretation of environmental eonditions. As 
type examples, they also provide supporting 
evidenee for dating. 

The bryozoan forms found in the chert and 
flint material are in most instanees straight or 
branehed skeletons, some of them, at least, 
hollow in the middle. Aeeording to Brood 
(1978), forms of this kind are typieal of still 
water, whereas retieulate eolonies are gener
ally assoeiated with turbulent water. Retieu
late eolonies did not appear in the sampie ma
terial, at least not as large surfaees. No clas
sifieation could be made of the fragments. 

I. Eastern material 

Some observations about the main features 
of bryozoan oeeurrenees are presented in the 
following. The sampies from the Valdai region 
eontain fragmentary fenestrellid bryozoans 
(Plate 10, F, 1- K and Plate 11, C - F). In the 
Fenestella type the zoaria is eomposed of 
branehing sterns with double rows of zooeeia. 
The number of zooeeia between smooth eross
bars varies from 2 to 8. The form is known 
from Ordovieian-Permian deposits (Bassler 
1953). Another bryozoan from the Valdai re
gion (Plate 7, Fand Plate 8, F) resembles the 
Anastomopora genus known from the Devo
nian period. Its representatives possess from 3 
to 7 rows of zooeeia on the braneh . 

2. Western material 

Bryozoans are eommonly present In flint of 
Danian age from southern Sweden and Den
mark, espeeially in that oeeurring in Bryozoan 
limestone. Bryozoans are also numerous in 
deposits of the Mucronaten-Senon of the 

Rügen distriet (Wetze I 1932). Characteristie 
Danian forms are stieklike, forking eheilosto
matous bryozoans (Berthelsen 1962, Brood 
1978). During the Cretaeeous period, the order 
Cyclostomata Busk was likewise eommon, but 
it declined during the Cainozoie Era. In Den
mark , more than 90 % of the bryozoans of the 
Karlby Lower Danian are eyclostomatous and 
eheilostomatous bryozoans (Thomsen 1977). 
The flint found at the settlement site of Tön
nersta (16708: 16) at Eisberga, southern Swe
den, eontains an areolate fragment resembling 
Fascipora. But it eould also be a eoral frag
ment (Plate 18, A and C). In the gray flint of 
M0ns Klint there are eylidrieal sterns bearing 
longitudinal furrows and ridges, with tiny zoo
eeieal tubes on the ridges (Plates 19, E and 
20, G). This form eould be a hollow-stemmed 
form of the Cyclostomata class. Plate 20, A, 
shows a fragment, photographed from brown 
flint from M0ns Klint, whith larger zooeeia 
than the form just mentioned. 

3. Material transported to Finland as ballast 

In the flints of Halkokari, Kokkola, bryo
zoans are the most prevalent group of fossils. 
Plate 23 presents photomierographs of bryo
zoan eolonies of the same kind Sarnuel et al. 
(1972) have deseribed from early Tertiary and 
Cretaeeous deposits in the western Carpathi
ans. 

Likewise in the gray flint of Iso- Vehanen, 
Uusikaupunki (Plate 24, A, B, D and E; Plate 
26, A - H), bryozoans are the most prevalent 
fossil group. During the aeid-maeeration pro
eess, furthermore, a number of stemlike Cheilo
stomata bryozoan forms emerged (Plate 27, 
A- D; Plate 28, A and B). On the erosion sur
faee of a flint sampie from Iso-Vehanen ean 
be seen stemlike branehed eolonies (Plate 24, 
A and B). In Plate 24, B, the eylindrieal eharn
bers, or zooeeia , of the eolony are at all points 
attaehed to the stern, whereas in the A photo
graph the ends of the eharnber rise as budlike 
bulges. Forrns of this latter kind oeeur in the 



l order Cyclostomata. The form represented in ' Plate 24 resembles the species Stromatopora 
toulasiana of the Cretaceous Period (Stroemer 
1909, p. 173;. And the form in photograph 
resembles the Cretaceous Cardioecia genus 
(Bassler 1953, p. 51). In addition, the Iso-Ve- 
hanen sample contained numerous bryozoan 
sectional surfaces, as weli as a form of the 
budlike colonies (Plate 28, C and D), which 
could be the species Fissuriella fissa Voigt 
(Berthelsen 1962, P1. 18: 2). It is possible that 
this latter form is not a bryozoan at all but a 
coral. 

The brown and white flint found in the outer 
harbor, Reposaari, of Pori also contained a 
bryozoan fragment and a stemlike form (Plate 
24, F pnd C). 

In the gray flint found in the island fortress 
of Suomenlinna, guarding the entrance to Hel- 
sinki harbor, there is a longitudinal sectional 
pattem of a bryozoan colony (Plate 22, A), 
which, though appreciably larger, closely re- 
sembles the longitudinal section of the Iso- 
Vehanen colony. 

Bryozoan occurrences have also been ob- 
served in both gray and light brown flints of 
undetermined origin found mainly in ballast 
material and included in the collections of the 
Museum of the Geological Survey of Finland 
(Plate 21, A-E). 

4.  Material transported to Finland during 
the Stone Age 

Kokemaki, Pispa (14957: 294). Visible in 
gray flint is a section probably of a bryozoan 
colony (but which also resembles the section 
of a coral colony). In any event, the rock in 
question is western flint of either late Creta- 
ceous or early Tertiary ages. 

Crinoidea and Echinoidea 

The class Crinoidea (sea lilies) and the class 
Echinoidea (sea urchins) belonging to the 
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phylum Echinodermata are represented in sed- 
imentary rocks, such as cherts and flints, gen- 
erally in fragmentary form. Cretaceous flint 
gathered from the Baltic shores of Scandinavia 
and Germany (Albers & Felder 198 1) as we11 
as from the west coast of Sweden (Werner 
1974) also contains whole shells of sea urchins 
(Echinoidea). The class Echinoidea does not 
usually occur in Palaeozoic chert, but the stem 
ossicles of cronoids are commonly encoun- 
tered in cherts from the Valdai region. 

I .  Eastern material 

Small platelike ossicles of crinoid stems 
with holes in the middle are common in the 
material from the Valdai region. Examples are 
presented in Plates 12, D-H; 13, A-H; 14, 
A-J; and 15, A-C. The plugs commonly fill- 
ing the cavities probably developed in the 
chert through the replacement of the central 
canal and connective tissue of the crinoid stem 
fragments with siliceous matter. The diameter 
of the ossicles is generally 1-2 mm. What we 
probably have here are small ossicles of cri- 
noids proper or ossicles of microcrinoids. The 
diameter of theca varies from 2 to 4 mm. 
The microcrinoids flourished from the lower 
or middle Ordovician to the Permian. 

Similar plates occur in the limestone of the 
Aland Islands dating back to the middle Ordo- 
vician (Bergman et al. 1982). It should be add- 
ed that Devonian and Carboniferous crinoid 
limestone is found in the European part of the 
Soviet Union (Rauzer-Chemousova & Fur- 
senko 1959). Regarding the ecology of cri- 
noids, Muller (1963) points out that, although 
more than half of the present-day stemmed 
forms exist at depths of over 1000 m, the fossil 
crinoids were essentialiy shallow-water ma- 
rine animals. In addition to the stem ossicles 
of the crinoids proper, there appears in sample 
3875 a roundish plate comparable to the ossi- 
cles in diameter, on the surface of which is a 
regular radial pattern of nodules (Plate 15, A). 
Presumably, this is a crinoid crenella, a disk 
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whose function was to facilitate movement of 
the stern and theca (Müller 1963). The Kras
naja Gora sam pIe (8669: 3) also contains cri
noid ossicJes with radial furrows and open in 
the middle (Plate 16, C-F); having a diameter 
of 3 mm , they are slightly larger than those 
found in the Valdai material. 

On one surface of the gray chert No. 7730 
from the Valdai region , there occur masses of 
spicules, possibly belonging to echinoderms. 
They measure c. 0.5 mm in diameter and at 
most 10 mm in length (Plate 11, A). 

2. Western material 

According to O. Wetze I (1933, 1934), Baltic 
flint s often contain microscopic fragments of 
sea urchin spicules, and possibly stern ossicJes 
of crinoids as weil. There are occurrences of 
such fossils at Fakse, Stevns Klint and Hana
skog. 

A sampie of black flint from M0ns Klint was 
found to contain a tubular form with a furrow
ed surface, which probably is a sea urchin 
spicule (Plate 18, B). No crinoid ossicJes were 
found in the comparative material from west
ern sources . 

3. Material transported to Finland as ballast 

Flint from the island of Mustikkamaa in Hel
sinki contained a large conical form with a 
furrowed surface (Plate 22 , B), which probably 
is the primary spine of an echinoid . lt resem
bles the spines of Cyathocidarius Norden
skjöldi, which dates back to the Cretaceous 
and Tertiary Periods (cf., Müller 1963, p. 475) . 

The circular radially furrowed form measur
ing c. 4 mm in diameter found in the white 
flint from the island of Reposaari is probably 
an echinoid spine. 

4. Material transported to Finland du ring 
the Stone Age 

Lahti, Renkomäki (18501: 1524). The cri
noid type typical in the eastern material occurs 
fairly commonly in this chert sample. The 

sampie also contains foraminifers of Carboni
ferous age, all of which are only faintly visible 
(no photographs). 

Viipuri, Häyrynmäki (5620: 76). In addition 
to foraminifers, the gray chert contains an 
abundance of crinoid fragments, which sug
gest Carboniferous deposits (Plate 30, E, land 
J; Plate 33, C). 

Taipalsaari, Vaateranta (20659: 35, 20659: 
213 and 20659: 403). All the sampies contain 
crinoid fragments, which give a Carboniferous 
dating. 

Suomussalmi, Salonsaari (20376: 20). Cri
noid fragments are rather poorly distinguish
able in brown chert. The largest form is a 
rectangular one measuring 3 x 4 mm and thus 
slightly larger than corresponding fragments 
from the Valdai region, and in the same size 
cJass as the ones from Krasnaja Gora (8669: 
3). A cautious dating of the Salonsaari sampie 
would place it in the Carboniferous Period. 

Ostracods 

The ostracods (mussei shrimps) belong to 
the phylum Arthropoda , Subphylum Mandi
bulazoa , cJass Crustacea . Moore and Pitrat 
(196l) report 142 Ostracoda families , of which 
the oldest existed as early as the Cambrian 
period. The genera and species are consider
ably more in number , and not all have yet 
been identified. Ostracods vary in size mainly 
between 0. 15 and 2.0 mm , but the largest Pa
laeozoic forms are as much as 80 mm long. 
Thanks to the durability of the varied pattern
ing and diverse structural features , the calcium 
carbonate shells of the ostracods are of great 
assistance in unravelling the stratigraphy of 
deposits. In the present work , however , the 
ostracods were of little help since they were 
found only in two sampIes from the Valdai 
region . 

The Valdai chert specimen No. 4119 (Plate 
12, C) contains an individual 0.7 mm long, con-



vexly gently arching along the dorsal margin 
but semicircularly curving along the ends of 
the ventral margin. The shell has no distinct 
ridges. The netlike patterning of the surface 
structure is cIearly visible. Most likely it be
longs to the suprageneric taxon: family Kirk
byidae (Ulrich & Bassler 1906). 

Kirkbya Iones 1859: shell elongated, its 
greatest length along the dorsal margin, pos
terior cardinal angle acute, lateral surface 
evenly convex or with posterior shoulder, two 
marginal rims. The form has been reported 
from North America, Europe and Asia (Ben
son et al. 1961), with the range Lower Car
boniferous to middle Permian. According to 
Pokorny (1958), Kirkbyacea taxa are most 
prevalent among Carboniferous and Permian 
fauna. 

A thick-shelled spherical fossil 5 mm in di
ameter was observed in sampie No. 884 of the 
Valdai material (Plate 34, A and B); and inter
preted to be a Palaeozoic ostracod (order 
Myodocopida) (Pokorny 1978). 

Sponges 

Remains of the sponges of the phylum Pori
fera are almost more common in Baltic flint s , 
according to Wetze I (1933 - 34), than the re
mains of bryozoans , even though the siliceous 
material of sponges is believed generally to 
have dissolved , like that of diatoms . Possibly , 
sponges have been preserved better in the 
marginal portions offlint nodules, where , Wet
zel suggests , they may have accumulated in 
layers impervious to light where spicules can 
be distinguished fragmentarily here and there. 
The remains are generally fillings of spinal 
canal s, the spicules proper having dissolved 
away . Wetzel also mentions the fillings of 
larger spicules, wh ich are composed of chal
cedony. 

Although detached spicules are common mi
crofossils, they have not made any notable 
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contribution to stratigraphy, in particular be
cause the spicules of an individual sponge can 
be very different. 

Only in western sampies from the Creta
ceous Period were spongian spicules encoun
tered. The remain of spicules occurring in the 
eastern material were of a different type, and 
no attempt at animal cIassification was made. 
It seems more probable that the spicules in the 
eastern sampIes are those of echinoderms, but 
the possibility that they are spongian spicules 
can not be ruled out. 

2. Western material 

In a thin section prepared from Danish flint 
preserved in the collections of the GSF Mu
seum, cruciform structures , which may be ma
rine hexactines , can be distinguished (Plate 
20, Band E). Structures ofthis kind have been 
found in late Cretaceous chalk from the Han
nover area (Matthes 1956, p. 149). The gray 
flint of Eldsberga, Tönnersa (16708: 7) , also 
contained small, faintly distinguishable spon
gian spicules. 

3. Material transported to Finland as ballast 

Distinguishable in the black flint of Musta
kari, Kokkola, are shapes and fragments of 
small spicules and light and dark flecks (Plate 
29, A and B). These are probably the accumu
lated remains of sponges, comparable to those 
Wetzel describes (op .cit.) in Cretaceous Baltic 
flints. 

4. Material transported to Finland du ring 
the Stone A ge 

Tiny, faintly distinguishable siliceous spic
ules were seen in the following sampies, all of 
them gray flint and on other grounds dated as 
Cretaceous: Lieto , Kukkarkoski 14558: 129, 
19991 : 114, 19991 : 793. 

Because the minute size of the spicules did 
not permit good photographs with a stereomi
croscope, less attention was paid to the oc
currence of siliceous spicules than to the oc-
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currence of other fossil groups. The catalogue 
is therefore not complete in this respect. 

Fossil annelid worm tubes 

Forms belonging to the family Serpulidae 
are also to be found in chert and flint, owing 
to the well-preserved quality of the calcite or 
aragonite tube . These forms have been de
scribed by Voigt (1979) from flint of Creta
ceous age. The same type evidently occurs in 
the brown flint of M0ns Klint (Plate 19 , G). 
Serpulides dating from the Cretaceous period 
of central Europe have been described by Re
genhardt (1961). 

Chert No. 5420 from the Valdai region con
tains another type of tubular shell, which pos
sibly was cutin-bearing (Plate 11 , G). The 
same tubular type occurs in a light-colored 
flint sample of the GSF Museum (Plate 21, G) . 

Smaller tubular forms occur also in gray flint 
of western origin, but since their significance 
in dating is slight, not much attention was paid 
to them. 

Calcareous algae 

Algae secreting calcium carbonate leave be
hind fossil remains that are of considerable sig
nificance in the formation and dating of sedi
mentary rocks. This group is also found in 
cherts and flints. Evidently, calcareous algae 
are more prolific in Cretaceous flints than in 
Palaeozoic cherts. Calcareous a lgae were not 
found in the sampies from the Valdai region, 
but they are present to some extent in the 
ballast material. In spite of the only moderate 
number of calcareous algae genera, the ma
terial of our study could not be classified by 
genus except in part. The studies published 
by Pia (1940) , Johnson (1961) and Voigt (1979) 
were of assistance in the identifications. 

Remains of large-s ize algae were observed 
in a thin section prepared from flint contained 

in the ballast material from Halkokari, Kokko
la (Plate 29, C). The algae resemble certain 
forms of Codiaceae with jointed sterns. An
other, possibly Dasycladaceae alga is present 
in a sampIe from the GSF Museum (Plate 21 , 
E). This is a tiny cupular whorl. Similar forms 
occur in the genus Clypeina. lts thallus is cy
lindrical and it easily breaks into fragments , 
with the primary branches forming cupular 
plates. 

Rare marine fossil forms 

Conodonts are stratigraphically useful and 
important fossils of the Palaeozoic (Müller 
1978) . These problematic , phosphatic , tooth
like structures continued to exist into the 
Triassic Period, when they became extinct. 
They have sometimes been replaced by car
bonate minerals. A fossil fragment belonging 
to this group was encountered in cherts of the 
Valdai region. Figure H in Plate 11 shows a 
fragment with three pointed processes (sam pIe 
747) that resembles forms of the family Cryp
totaxidae from the Devonian Period (Clark et 
aL. 1981) . 

The presence of conodonts in a sam pie elim
inates any age later than the Triassic; hence 
they do not occur in the western research ma
terial. Nor were they found in any of the ma
terial transported to Finland during the Stone 
Age. 

Another rare type of fossil found in our ma
terial - this from gray flint in the GSF Mu
seum - was represented by two hollow shells 
belonging to the subphylum Mandibulazoa , 
cIass Crustacea (Plate 21, Fand I) . This cIass, 
which ranges from the Cambrian to the pres
ent, assists in dating in only rare instances. 
The nauplius of Copepoda crustacea (larval 
form), found in an acid-maceration prepara
tion made from the gray flint of M0ns Klint 
(Plate 37 , E) should probably be placed in the 
same class. 



Fossils proper were observed in Val da i 
sampie No. 5388, where the shells possibly of 
gastropods appear in sectional patterns (Plate 
34, C). 

Shells of either peleocypods or brachiopods 
were present in the red chert (B.r. 49) from 
Belorucejskoe , in the Lake Onega region , and 
in the chert from Krasnaja Gora, on the White 
Sea (8669: 3). Fossils occurring on the surface 
of the motled gray/brown chert of Krasnaja 
Gora were identified at the beginning of this 
century as crinoid stem ossicles and relicts of 
brachiopods, making the chert ofPermian age. 
(Dr. Carl A. Grönwald , Geological Comm. of 
Stockholm). 

Shell fragments of pelecypods or brachio
pods were also present in Danish gray flint 
from the GSF Museum and in the gray ballast 
flint from Halkokari, Kokkola. 

Only in the Iso- Vehanen flint was a probable 
coral form discovered (Plate 27, C and D). 
Corals, though differing from this one, have 
been described from Danian limestone in the 
Swedish province of Skane (Hadding (933) as 
weil as from the Fakse area in Denmark, 
where they are typical occurrences in lime
stone originating in the Danian Age (Hadding 
1941). Their presence in flint, however , is rare. 

Pollen and spores 

The sporopollenin of pollen and spores is 
highly resistant to destruction and it , too, is 
found in flints. Tralau (1972), among others, 
has described pollen and spores in flint found 
in southern Sweden dating from the late Creta
ceous Period. 

No pollen or spores appeared in the acid
maceration preparations made from chert and 
flint in the present work. The only microfossils 
representative of this group were found in the 
light-colored limestone found amongst the bal
last flints from Halkokari, Kokkola . The most 
characteristic types are presented in Plate 35. 
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The most prevalent form (Plate 35 , A - D) is of 
the genus Tsugapo/lenites, and is character
ized by the trilete tetrad-marked body with 
surrounding saccus (air sac) typical of conifer 
pollen. Probably it is a representative of the 
species T. tri/ohatus. A Mesozoic form, it has 
been found, in the Hauterivian and Barremian 
stages of the Cretaceous Period (Hughes 
1969). Pollen of the bisaccate type was ob
served in the same slide. 

Among the spores, the most common forms 
(Plate 35, E, F, G and I) are ofConcavisporites 
type (G/eichenites) , while the Lycopodium 
type occurs as a rarity (Plate 35 , J). 

In this connection mention should also be 
made of the Spondy/osium planum colony 
(Plate 35, H) found in the acidmaceration prep
atation made of the gray flint from M\1lns 
Klint. This species belongs to the order Cos
marium adorning the division Chlorophyta 
(green algae). 

Dinotlagellates 

The dinoflagellates are in the Botanical Divi
sion a class of the Pyrrhophyta algae. They 
are tiny, unicellular algae with two flagella , 
and are known for their pigmentation , which 
gives them a reddish hue. Many dinoflagel
lates have a rigid armored cell wall of cellu
lose , which can remain preserved in flint con
cretions, limestones, shales and sandstones. 
In the case of species with weak shells, the 
cyst is likely to be preserved. Cysts resemble 
the hystrichosphere types classified as acri
tarchs . The fossil occurrence of dinoflagel
lates is still in the investigative stage. Accord
ing to Eisenack (1967), they made their ap
pearance at the beginning of the Jurassic Pe
riod; according to Williams (1978), as early as 
the Permian. But , in any case , the prominent 
occurrence of dinoflagellates among the phy
toplankton of the mid-Mesozoic and younger 
eras is well-known. In the algae that grew 
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among the plankton of the Carboniferous 
Period the dinoflagellate armor is lacking. Ac- 
ritarchs, such as Micrhystridium, have been 
found, for example, in the Carboniferous se- 
dimentary rocks of south-western Europe. In 
view of this difference, the study of dinoflagel- 
lates may be expected to be of considerable 
significance in ascertaining whether the flinty 
material is Carboniferous or Cretaceous in 
age . 

l .  Eastern material 

Acritarch analyses were made from eight chert 
samples, but no microfossils that could be 
identified as primary were found. On the other 
hand, algal cells that had accumulated in 
cracks were observed in maceration residue. 
Some of them resembled algal cells of recent 
origin found in microcracks in quartz and pos- 
sibly deriving from lichen; and some were of 
a fungal type, resembling the form Rhizopha- 
gites butleri Rosendahl described by Jansonius 
& Hills (1977). 

The absence of primary marine acritarchs 
from the samples suggests that the original 
phytoplankton had drifted before the forma- 
tion of silicon material to a different place of 
sedimentation. Or, alternatively, the plant 
plankton may have vanished before sedimen- 
tation as part of the food chain. 

2. Western material 

In the addition to those of O. Wetzel de- 
scriptions of Early Tertiary and Cretaceous 
dinoflagellates of the Baltic region have been 
presented by Erdtman (1950, 1954), Morgen- 
roth (1%8), Tralau (1972), Kjellström ( 1973), 
Hansen (1977, 1979) and Kjellström & Hansen 
(198 1). These researchers have been especial- 
ly influenced by two trail blazers in the field: 
the Frenchman G. Deflandre and the German 
A. Eisennack, who started their studies of mi- 
crofossils in the 1930s. The catalogues of 
Eisenack et al. (1964, 1971, 1975, 1981) cover 

the taxonomy and, as well, summarize the lit- 
erature over a wide area. 

The gray flint from the Mon district of Den- 
mark was found to contain the same forms as 
Kjellström, Tralau and Hansen have described 
from late Cretaceous deposits in southern 
Sweden and Denrnark. Characteristic is the 
form Deflandrea a. rectangularis Cookson & 
Eisenack 1%2 (Plate 36, I, J). Another of the 
rare forms found in the flint from Mon prob- 
ably corresponds to the form Spiniferites aB. 1 

I ramosus (Ehr.) Loeblich & Tappan (synonym: 1 
Hysrichosphaera a. ramosa (Ehr.) Wetzel). 1 

The rarest of the types found was Leptodinium 1 
sp., which is characterized by even-surfaced , 
polygonal plates arranged according to a spe- 
cified tabulation (Plate 37, D). It is similar to 
the form dating back to the Senonian Epoch 
(possibly the Maastrichtian stage) found by 
Tralau (1972) in the flint from Halland. Al- 
though the dinoflagellate flora in the flint from 
Mon proved to be sparse, our findings are in 
agreement with the view that Mons Klint be- 
longs to the Maastrichtian stage (Rasmussen 
1967). 

3. Material transported to Finland as ballast 

In addition to the bryozoan fauna, which is 
the most common of the fossils, the flint found 
on the island of Iso-Vehanen, Uusikaupunki, 
also contains numerous dinoflageiiates. In 
type, they differ from the flora of Mons flint. 
In the foilowing we present a summary de- 
scription of the dinoflagellates of Iso-Veha- 
nen. 

The genus Cordosphaeridium Eisenack 1963 
is probably the commonest. The species in- 
clude C. inodes, C. inodes subsp. robustum, 
C .  gracilis. Fairly common, too, is Chiropte- 
ridium inornatum Drugg 1970 (Cf. Deflandre 
1937, T. 26: 10, Hystrichosphaera ovum). 
Hystrichokolpoma Fmbriata Morgenroth is 
probably represented in the Iso-Vehanen flint, 
as is Thalassiophora pelagica (Eisenack) Eise- 
nack & Gocht. Xenicodinium lubricum Mor- 



genroth is aprevalent and , from the stand
point of dating, an important form. 

The elucidation by Kjellström & Hansen 
(1981) of the dinoflagellate-biostratigraphy, in
cluding the zoning, from the boundary of the 
Cretaceous and Tertiary Periods in southern 
Scandinavia provides a foundation for rather 
accurate dating. It would seem that the Iso
Vehanen flint comes from the Danea mutabilis 
zone of the Danian stage and, more, partic
ularly, the Chiropteridum inornatum subzone 
and the Xenicodinium lubricum zonule. De
posits of this age are known to exist in north
western and eastern parts of Denmark and in 
southern Sweden. Such a dating is in agree
ment with the rich bryozoan occurrences ty
pically observed in flints formed in Bryozoan 
limestone originating from the Danian stage. 
Photomicrographs of Iso-Vehanen dinoflagel
lates are shown in Plate 37, A, B, Fand G, 
and Plate 38, A-F. 

Some dinoflagellates also occur in ballst flint 
found at Halkokari , Kokkola , but they are dif
ferent from the Iso-Vehanen forms (Plate 36, 
Land M). 
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4 . Material transported to Finland du ring 
the Stone Age 

The flints found at Lieto, Kukkarkoski , and 
Kokemäki , Pispa , contained minor occur
rences of dinoflagellates . No accurate identi
fications could be made and thus a choice in 
the dating between Cretaceous and Tertiary 
was not possible. 

At Lieto, Kukkarkoski (19750: 68) , there oc
curs asiender form with long apical horns 
(Plate 40, D). Similar forms have been de
scribed in connection with the genera Broo
mea, Svalbardefla and Palaeocystodinium. A 
second form probably corresponds to Spin i
ferites sp. (Plate 40, Fand I). A third form is 
divided on the surface into distinct polygonal 
plates (Plate 40, L); however , a micromor
phological study was not carried out to deter
mine the genus. 

Kokemäki , Pispa (14957: 322). The most 
typical form present in the flint is Deflandrea 
sp. (Plate 40, A , C and E). Another, smaller 
type is spherical surrounded by a thinner 
membrane , wh ich forms folds. It resembles 
certain species belonging to the genus Mem
branilarnacia (Plate 40, G, Hand K). 

DISCUSSION 

Critical observations 

The purpose of our study was to test the 
suitability of petroarchaeological methods for 
the investigation of archaeological sampies of 
siliceous rocks. One difficulty has been the 
lack of comparative sampies from sites where 
stones are known to have been quarried. Con
sequently, our identification of types does not 
go beyond possible areas of origin, broad 
zones of sedimentary rock of a certain age and 
genesis and, in addition, the internal classi
fication of archaeological material. A more 

exact determination of quarries and occur
rences must be left to the future when com
parative sampie material or thoroughgoing re
search findings from Stone Age mining areas 
are available. Furthermore, we have sought to 
find diagnostic features by wh ich the archaeol
ogist would hirnself be able to investigate such 
phenomena, at least in a preliminary way. The 
diagnostic features of our sam pie flinty ma
terials have been tabulated in Table 4. 

Microscopic determination of the grain size 
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Table 4. Summary of the fossil groups found with palynological methods and the petrographic and microtopographical 
features of the flint , chert , jasperoid and quartzite materials in this study. 

Diagnostic features 

Fossils 

Calcareous algaes 

Charophytes 

Archaeological 
material 

in Finland 

Ballast 
flints 

o . 

• 

Senonian -
Danian flints 

Carboniferous 
cherts 

------------------------------------------------------------------
Coccoliths 

Dinoflagellates 

Foraminifers 

Spongian spicules 

Corals 

Bryozoans 

Brachiopods 

Gastropods 

Serpulids 

Crustaceans 

Ostracods 

Crinoids 

Echinoids 

Conodonts 

Rock types 

Flint 

Chert 

Jasperoid 

Quartzite 

Surface textures 

Glacial striations 

Mechanical V-pits 

Dissolutional features 

Percussion scars 

Cortex 

Use-wear 

x 0 • 
• 

• 

• 

o • 

o • 

o • 

o • 

+ . 2 

+ . 2 

+ . 

+ • 

+ • 

x 

x o 

• 
• 

0 • 
• 

• 
• 

• 

o • 

+ • 

+ • 

• 

x 

o • 

o • 

o • 

• 

• 
x 

• 

o • 

1, 
1 

• 

• 
• 
• 
• 

• 
• 

• 

o • 

Explanation of the symbols: • stereomicroscopy from natural specimen surfaces (magnification 10- 100 X) , 0 thin 
sections (magnification 100- 1000 X), - scanning electron microscopy , x maceration residue studies , + incident 
light microscopy; 1 sampies mainly fragments without natural surfaces , 2 only on jasperoid specimens. 



of the silica minerals contained in the matrix 
of a sampie can provide a high degree of cer
tainty about the age of deposition. And if mi
crofossils suitable for dating purposes are 
found , the age of deposition can be concluded 
with certainty. As an example of the use of 
microfossils in dating , mention may be made 
of the research material from the Valdai re
gion, consisting of 66 sampies , 42 of which 
(64 %) contained identifiable remains of orga
nisms. If it is not possible to do grain-size or 
microfossil analyses of sam pies, the determi
nation of age must depend upon macroscopic 
observations - the color and structure of the 
stone, the form of the artifact and the tech
nique used in its fabrication. Acid-maceration 
and thin section analyses are applicable only in 
rare instances. The identification of specific 
microfossils and the determination of grain 
size have proved to be the only means of ar
riving at reliable age estimates . 

The c1early defined fossil material that has 
emerged from our studies is presented in 
Plates 7- 40. The fossil groups corresponding 
to them are listed in Table 4. The most char
acteristic fossil types of the Carboniferous and 
Cretaceous Periods in the archaeological spec
imens could in most cases be identified on the 
basis of the comparative material. Carboni
ferous forms are Endothyra foraminifers, cri
noid stern ossic1es , ostracodes and, rarely, 
conodonts. Characteristic Cretaceous fossil 
forms are bryozoans, certain foraminifer spe
cies and proloculus forms of foraminifers , 
spongian and echinoidean spicules, and crus
taceans. Less common are dinoflagellates and 
coccoliths. 

Foraminifers constitute an important group 
of microfossils in the sampies investigated . 
Though rather commonly present in rocks dat
ing from both the Carboniferous and Creta
ceous Periods, as a group they allow a reason
ably certain choice between Carboniferous 
and Cretaceous ages. This is because of the 
common presence in Carboniferous chert of 
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the easily identifiable Endothyra form, a rather 
large spiral type, which is lacking in Creta
ceous flint. 

The bryozoans commonly observed in flint 
we have interpreted as distinctive features of 
rock of Danian age . The number of bryozoans 
in chert of Carboniferous origin is exceedingly 
small. 

Inasmuch as the comparative Cretaceous 
material and thus also the quantity of fossils 
was limited, no accurate estimate can be made 
as to the time and place of genesis of the ar
chaeological flints. Comparative flint material 
from areas to the southeast and south of Fin
land would have been necessary for the pa
leontological identification of Cretaceous flints 
possibly occurring in eastern cultures. For the 
moment , moreover , determination ofthe exact 
origin of flints - wh ether from the southeast, 
south or west - on the basis of fossils is not 
possible. 

The fossils found in the present material 
were of limited diversity. In such cases, the 
identification offossils with a steromicroscope 
could be used for archaeological determina
tions by archaeologist themselves. In some 
instances , simply a good hand lens may suffice 
to decide whether a sam pie is Carboniferous 
or Cretaceous age. 

The principallimitation of the method is the 
frequent absence or rare occurrence of fossils. 
Of the total sampies investigated, approxi
mately 50 % contained fossils; their appear
ance in large numbers was less common still. 

Besides their importance in dating, fossils 
are important i% reflecting the depositional 
environment of the primary calcareous sedi
ment. The prevalence of the columnar Bryo
zoan organisms characteristically present in 
Danian flint suggests the proximity of coral 
reefs. Another fairly monotopic fauna is pres
ented by the Endothyra- and Textularia-type 
foraminifers of the Valdai region. Judging by 
the present occurrences ofTextularia , the hab
itat in question must be located on an inner 
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shelf. A number of other fossil findings indi
cate that the original deposit formed in shallow 
water. The fossils characteristic purely of 
open seas do not constitute a majority in the 
sampies studied from tlint nodules . The coc
colith described from M0ns Klint is of plank
ton origin. As small forms, coccoliths have 
been more susceptible to dissolution than have 
larger calcareous shells. The absence of Radio
laria remains also indicates a shallow deposi
tion milieu. The diatoms and the spicules of 
sponges have probably dissolved into a sili
ceous gel , from which the tlint nodules have 
formed . An indication of such a process is the 
siliceous needles on the rind of the nodule 
found at Mustakari, Kokkola (cf. , 0dum 1928, 
p. 54). 

Observation of surface features was found 
to be an effective method of interpreting the 
erosional and fabricational history of speci
mens. The method does not lead to destruc-

tion of the specimen and hence is especially 
useful in the study of unique archaeological 
items . The natural surface features enable one 
to distinguish ballast flints , originally rounded 
in a high-energy littoral environment, from 
Finnish jasperoids, striated in till material and 
mechanically micropitted in a glaciofluvial en
vironment. Historical guntlints can frequently 
be distinguished from prehistoric artifacts by 
their relatively large size and the trans verse 
orientation of their Wallner lines , which char
acterize the conchoidal fracture surface. 

If a specimen possesses naturally rounded 
surfaces with percussion marks , it was prob
ably once transported as ballast from the 
shores of a western flint-bearing country; but 
if a specimen possesses rounded surfaces or 
facets with scratches, the features must be 
further examined to determine whether they 
are man-made use-wear or naturally abraded 
or polished planes . 

Archaeological significance 

Our petrographic findings and conclusions 
concerning the areal, distribution of archaeol
ogical flint and chert make it necessary to 
qualify and to so me extent revise the termi
nology used up to now by Finnish archaeol
ogists. 

The synonymous terms piikil'i and limsiö in 
Finnish may continue to be used to mean all 
tlinty material. Although they describe the ma
terial weil , however, they do not accurately 
characterize it geologically . Whenever deter
mi nations of rock types are available , the at
tendant terms ought to be applied, too : tlint, 
chert, jasperoid and quartzite . (The Finnish 
Language Division of the Finnish Research 
Centre for Domestic Languages recommends 
use of corresponding terms flintti, sertti, jas
peroidi and kvartsiitti.) Furthermore, the over
ly general and misleading appellations »east
ern » (Carboniferous) and »western » (Creta-

ceous) ought to be dropped from use ; the dis
tribution of tlint and chert does not support 
such labels . 

The term »flint » can properly be applied 
only to the nodular variety, which has the best 
mechanical properties ; the siliceous material 
obtained from Stone Age sites in the east of 
Finland is for the most part chert , not tlint. 

Our investigation of different methods of de
termining the age of siliceous rock sam pies 
showed that macroscopic observations (of 
color, lustre, etc .) are seldom a reliable means 
of ascertaining the origin of sampIes. It is only 
through microscopic observations that results 
of some certainty can be achieved. 

Among paleontological procedures, the in
dentification of microfossils is a reliable dating 
method . It is also weil suited to the investiga
tion of archaeological artifacts since observa
tions can be made without damage to speci-



mens. Unfortunately , the method eannot be 
applied to all speeimens , sinee not all eontain 
mierofossils. 

Among the different petrographie methods, 
the one best suited to the dating of otherwise 
undatable material is grain-size analysis. How
ever, petrographie methods destroy sampies , 
and are applieable to the study of arehaeol
ogieal material only if there is a large amount 
of sam pIe material. Petrographie methods 
were not used in dating the arehaeologieal ma
terial of the present work. 

Maeroseopie petrographie observations 
may prove useful; native Finnish jasperoids 
ean in many eases be reeognized on the basis 
of the inorganie struetures distinguishable on 
the surfaee of a sampIe. 

The sUlfaee texture studies deseribed in the 
present work eould prove of great use to ar
ehaeologieal research: the analysis of surfaee 
strueture does not destroy a speeimen and 
equipment does not usually have to be more 
sophistieated than a hand lens. Our examina
ti on of the surfaee texture of speeimens gave 
us a means of distinguishing genuine arehaeol
ogieal material from material transported to 
sites in the historieal period. Thus it beeame 
possible to elassify the sampIe material into 
gun- and tinder flints, prehistorie artifaets and 
flaking debris , ballast flints and Finnish peb
bles and eobbles. Observations of surfaee tex
ture were · also suggestive of the »industrial 
history » of flint and ehert . 

Paleontologieal and petrographie methods 
have not allowed a solution to all the arehaeol
ogieal problems. It is not yet possible to de
eide from what speeifie region a Cretaeeous or 
Carboniferous flint or ehert sampie originated. 
It would be of great value, for instanee , to be 
able to differentiate speeimens of eastern and 
western nodular flint. But to make such dif
ferentiations would require eonsiderably more 
eomparative material than was at our disposal. 

Table 5 presents the mieropaleontologieal 
age determinations made for the arehaeologi-

4 
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eal sampies from Finland. Although the ar
ehaeologieal material was not seleeted for the 
purpose of answering arehaeologieal questions 
but for the purpose of developing and testing 
methods, the data in the table do nevertheless 
provide some new information: namely, that 
earlier yiews on the oeeurrenee of silieeous 
rock types in prehistorie finds must in some 
degree be revised . 

Of the flint material found at the two Meso
lithie sites in southern Finland, only four sam
pIes from Renkomäki , Lahti (No . 2), eould be 
dated . The pieces of f1inty material from Ren
komäki resemble c10sely the flinty artifacts 
from Mesolithie settlement sites in Estonia not 
only in form but also in color , though it should 
be borne in mind that color is not a suffieient 
eriterion for identification. The origin of the 
Estonian siliceous rock is uneertain: Jaanits 
(1980) suggests that it could have eome from 
northwestern Belorussia , southeastern Lithu
ania or the upper course of the Volga. Where 
the Renkomäki sam pIes originated is hard to 
determine. But our conclusion is that two of 
the sampies are Cretaceous flint and two are 
Carboniferous chert. 

The dating of the Renkomäki site is interest
ing. It may go back as early as the Preboreal. 
It is not possible, however , to deal with this 
question in detail here. The silieeous rock 
could nevertheless have some significance 
from the stand point of shedding light on the 
origin of the Suomusjärvi culture. 

Siiriäinen (1981) has demonstrated that in 
the initial stage of settlement Finland was in 
contact with both western , Europidie, and 
eastern , Mongolidic , streams of settlement; 
and Finnish archaeological material reflects 
these eastern and western contaets. Perhaps 
the Renkomäki specimens are evidence of 
such relations? 

Surprisingly, silieeous rock from the Neitilä 
site in northern Finland proved to be local 
jasperoid. Since the rock is of local origin it 
can no longer be stated, as Kehusmaa (1972, 
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Table 5. Summary of the mieropaleontologie age determinations with stereomieroseope from the Finnish arehaeol-
ogieal flinty material. The classifieation most of the Neitilä material to the group »othep> is based on petrographie 

features and not on mierofossils . 

Site Sampie Number of Carboniferous Cretaeeousl Undated Other 
speeimens Tertiary 

I. Vantaa 18640: 639 
Nissbaeka : 652 

: 802 

2. Lahti 18501: 275 
Renkomäki 1217 

1524 
1550 
1567 

3. Kemijärvi 15671: 1110 2 1 
Neitilä : 1229 1 1 

: 1274 1 1 
16145: 2039 5 5 

: 2055 5 1 4 
: 2108 1 1 
: 2116 16 11 5 

4. Hinnerjoki 6128: 16 7 4 2 
Lammila : 45 1 1 

5. Köyliö 12203: 8 
Eskonkallio 

6. Viipuri 5620: 76 
Häyrynmäki 

7. Taipalsaari 20659: 2 2 
Vaateranta : 35 I 

: 117 2 2 
: 155 I 1 
: 213 I 1 
: 403 1 1 

1253 4 4 

8. Lieto 14558: 111 3 2 
Kukkarkoski : 129 1 

: 204 1 1 
19727: 150 12 4 8 
19750: 68 18 8 1 9 
19991 : 114 I 1 

: 516 4 1 1 2 
: 726 75 32 2 41 
: 793 I 1 

9. Kokemäki 14957: 38 I 
Pispa : 294 I 

: 322 I 
: 375 I 
: 383 2 2 

10. Harjavalta 20493: 177 
Motoerossrata : 550 

: 561 I ? 

11. Suomussalmi 20376: 20 
Salonsaari 

12. Suomussalmi 14831 1576 
Kellolaisten Tu1i 1638 

1832 

Sum 190 59 19 95 17 



p. 89) has done, that »the chert , for its part, 
indicates that the dwellers at this site were 
in contact with areas with which the dwellers 
in more southern parts of Finland were not. » 
Finnmark (in Finnish, Ruija) was probably 
the area meant, since at Kemijoki, according 
to Carpelan (1974, p. 23), »the oldest finds 
contain chert from the coast of Finnmark , 
indicating that the population on the coast 
of Arctic Ocean had made contact with the 
Kemijoki area» (Carpelan 1974, p. 23) . It 
should be added, however, that part of the 
Neitilä material was left undated , and thus it 
could contain chert from Finnmark. At Nei
tilä, jasperoid fell almost completely into dis
use toward the end of the Mesolithic (Table 
2); it seldom occurs thereafter , and then main
Iy in the form of finished artifacts. The ex
planation for its diminishing use presumably 
lies in the fact that the supply of jasperoid, 
which was collected as loose pebbles, ran out 
in the vicinity of the site. 

The tlint from the sites where Jäkärlä ce
ramics have been found (Nos. 4- 5) strengthen 
suspicions about western contacts during the 
Jäkärlä period. It needs to be remembered , to 
be sure, that neither of the sites is uncontami
nated and that among the finds there is Typical 
Comb-Ceramic material ; also , the finds were 
made in the plow layer. Attention is aroused, 
however , by the presence of tlint at the Ka 
II sites (Nos. 8- 9) , where only negligible 
amounts of Corded Ware have been found. 

As was pointed out above, one cannot be 
certain about the prehistoric origin of all the 
tlinty specimens found in plowed soil; for dur
ing historic times western chalk tlint was 
brought into this country as nodules and loose 
pebbles and cobbles in ballast. However, there 
can be no doubt about the prehistoric origin 
of the tlinty material found in excavated cul
tural layers (see Fig. 3, No. 2, Lahti Renko
mäki 18501: 1217 ; 8. Lieto Kukkarkoski 19727: 
150, 19991: 144, 516; 9. Kokemäki Pispa 
14957: 383) and one piece (scraper , 4. Hinner-
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joki Lammila 6134: 16), was c1early a prehis
toric artifact. 

Where exactly the chalk tlint in the sam pie 
material found at Typical Comb-Ceramic sites 
originates remains a perplexing question. With 
I'egard to the tlint of this period, it shoud also 
be borne in mind that the whole tlinty material 
has not been analyzed for a single site yielding 
abundant finds - which means that we do not 
know the relative amounts of different tlinty 
materials in the archaeological material as a 
whole .1 

Very possibly the tlint comes from Scandi
navia or the southernmost shore of the Baltic. 
This would see m to be indicated by the pres
ence of tlint and chert together only in our 
sampie material from western sites , and the 
presence of chert alone in the eastern sites. 
Western contacts during the Comb-Ceramic 
are indicated by the finding of artifacts such 
as Swedish knobhammer axes (Äyräpää 1955, 
p. 19) , but the small number of western finds 
emphasizes the random nature ofthe relations . 
This is indeed understandable, tor the Comb
Ceramic culture was c1early an eastern phe
nomenon . Comparison with another trading 
commodity of the Comb-Ceramic period, 
amber, is warrented. Judging by their form 
- for there have been no analyses done by 
rigorous scientific methods - the amber arti
facts found in Finland all originated on the 
southernmost shores of the Baltic Sea (pres
ent-day Poland and Lithuania), a region within 
the Comb-Ceramic cultural sphere. Now so me 
of the richest amber finds in Finland have been 
made at the sites of Pispa and Kukkarkoski , 
and this may be relevant to the presence there 
of tlint. For one of the flint-bearing sedimen
tary formations in the present-day Soviet 
Union extends to nearby Kaliningrad and the 

I A1though the sam pIes of flinty material from Pispa , 
Kokemäki , were dated to the Cretaeeous Period, this 
does not mean that no Carboniferous eher! is eontained 
in the tota l material. Only pieces resembling light-eol
ored flint were seleeted as sampIes , and this time the 
color appea red to indieate the origin of the stone . 
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southern coast of Lithuania , an area where 
amber occurs in abundance. It would seem 
natural therefore to link the amber and flint 
finds and argue that the flint at Pispa and Kuk
karkoski was brought over in connection with 
the amber trade. Close relations existed within 
the Comb-Ceramic cultural sphere, and the 
evidence provided by amber , chert and, pos
sibly, flint as weil, points clearly to an eastern 
orientation of trade. It would appear , in fact, 
that the Comb-Ceramic cultural sphere was an 
economically cJosed system. 

On the basis of surface-textural analysis, it 
was concluded tha~ the archaeological flint 
found in Finland , the ballast flint (from which 
tinder flint could later be made) and the jas
peroids of the Neitilä type were originally rock 
fragments or loose stones , whereas the chert 
was derived from bedrock , most probably hav
ing been quarried. What we have then are 
chert pieces distributed to Finland as the con-

sequence of mtntng actlvlty and trade. The 
pieces of flint among our archaeological ma
terial, on the other hand, appear to be loose 
stones. 

Flint, the variety of chert with the best me
chanical properties, calls for one final com
ment. In comparison with flint, chert proper 
must be regarded as a second-grade material, 
which, unlike true flint, tends to fracture when 
used , for example, as tinderflint. Perhaps the 
true flint occasionally reaching Finland was 
used during the Stone Age for special pur
poses , such as kindling fires. For the present, 
however , this question remains unresolved, 
since as yet there have been no finds of Stone 
Age tinderflint. 

Many of the central problems dealth with 
in this study have crystallized but still are 
without clear solution. Further geological and 
archaeological studies will be required to find 
these solutions. 
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APPENDICES 

Appendix 1. Index to microfossils 

Anastomopora 
Broomea 
Cardioecia 
Chiropteridium inomatum 
Clypeina 
Concavisporites 
Cordosphaeridium gracilis 
C. inodes 
C. inodes subsp. robustum 
Cribrostomum textulariforme 
Cryptotaxidae 
Cyathocidarius Nordenskjöldi 
Cyclostomata 
Danea mutabilis 
Deflandrea aff. rectangularis 
D. sp . 
Endothyra 
Fascipora 
Fenestella type 
Fissuriella fissa 
Fusulinaceae 
Gleichenites 
Globotruncana contusa 
Gümbelina 
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Appendix 2. Geological definitions of the rock 
terms used for the flinty materials in text. 

Chert General term for fine-grained siliceous sedi
mentary rocks . 

Flint A very fine-grained variety of chert. Crypto
crystaUine nodular silica mineral aggregate 
(not a rock in the strict sense) occurring as 
nodules in chalk deposits . 

Jasp eroid A fine-grained silicified metasomatic rock 
type . Usually originally a carbonate rock but 
also formed in silicification of other rocks. 

Quartäte A medium-grained metamorphic rock com
posed principally of quartz. 

Heterohelix 
Hystrichokolpoma fimbriata 
Kirkbya 
Lagena cf. hispida 
Leptodinium 
Lycopodium 
Membranilamica 
Mucrorina 
Myodocopida 
Nodosaria 
Oolina apiculata 
Palaeocystodinium 
Rhizophagites butleri 
Spiniferites aff. ramosus 
S. sp. 
Spondylosium planum 
Stromatopora Toulasiana 
Svalbardella 
Textularia 
Thalassiopora pelagica 
Trochiliascia 
Tsugapollenites trilobatus 
Xenicodinium lubricum 
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A B 
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E F 
Typieal examples of prehistorie tools and weapons made of flint and ehert and found in Finland : A, Band C -
arrowheads from Lieto, Kukkarkoski : D - a seraper from Taipalsaari , Vaateranta: E and F - knives from Lieto, 

Kukkarkoski. 
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A B 

c D 

E F 
Color variation of A - fragments of flint nodules from Denmark , B - flint pebbles from ballast material imported to 
Finland , C , D and E - eher! flakes from Valdai area , U.S .S.R. , F - jasperoid flakes from Neitilä arehaeologieal 

site , Kemijärvi , northern Finland . 
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Matrix textures of flint , chert and quartzite . Thin section photomicrographs with crossed polarizers. A. 
Klint , Denmark. B. Fl int , Denmark ; chalcedonic replacements of microfossil s. C. Flint , Mustakari , Kokkola , Finland 
(ballast sampIe); cha1cedonic replacements of microfoss ils. D. Flint, Uusikaupunki, Finland (ballast sampIe); micro
fossils preserved by carbonate minerals . E . Chert, Lake Seliger, Valdai , U .S.S.R. ; microfossils preserved by car
bonate minerals and chalcedony; sam pIe 884. F . Chert, Lake Seliger, Valdai , U.S.S.R.; sampIe 739. G. H . Meta
morphic ferruginous red chert (quartzite) of Kittilä , northern Finland; thin section 26306; G. fine-grained part 

inside an intraclast; H. coarse-grained part of the matrix material filling the interstices between the intraclasts . 
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Relictic and crystallization textures of the jasperoid occuning as pebbles and boulders in Vuotso, northern Finland. 
Thin section photomicrographs without polarizes. A, B, C and D. Relict textures revealing carbonate mineral cleav
ages now composed of chalcedony (light) and goethite (dark). The spherules in the interstices of these former cleavage 
directions are composed of radial chalcedony. C. A late veinlet partly filled with chalcedony and opal cuts the 
metasomatic part of the rock. D. A relictic quartz crystal. E. An agate microgeode in silicified host rock. F. and 
G. Spherules of chalcedony and quartzine embedded in chalcedonic fracture fillings. H. The relict texture of silicified 

ultrabasic or basic rock with remains of mica , amphibole and apatite. 
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O,5mm 
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Red intraclasts in the metamorphie ferruginous chert (quartzite) from Kittilä, northern Finland. A - J. Granules of 
ovoidal shape . K - M. Fragments from iron-silica formation s. Thin section photomicrographs without polarizes. The 
intraclasts are characterized by specific inner textures indicating the diagenetic processes in their original iron-silica 

formations. 

5 
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Photomicrograph s taken under retlec ted light without pola rizers of the common types of nat ural microwear on pebbles. 
A. Glac ia l stria tions on a jaspe roid pebble from IImajoki, weste rn F inland . B . Mechanical V-pi ts on a jasperoid pebble 
fro m Kauhajoki , Nummikangas , wes tern Finland , glaciotlu via l depos it. C. Di ssolutiona l de press ions on a jasperoid 
pebble (specimen No. 6) from Vu otso, no rthern Finl and , indica ti ve of di ssolu tion in weathering profil es. The faint 
striations cutting these features indi cate late r soil movements , probabl y by glac ial age nt s. D. Percuss ion scars on a 

tlint pebble found among ba llas t ma te ria l in Mustikkamaa , Helsinki . 
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Palaeozoic foraminifera. mostl y Endothyra sp. in cherts from Valdai area ; A - sampIe 724 , B - 923 , C - 3011 , 
D - 3528. E - 618. F - 884. Scale bar equals 0.5 mm in thi s plate and also in the plates 8- 34 if not otherwise mentioned. 
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Palaeozoic foraminifera in che rts from Valdai area: A - sampie 923 , B - 824 , C - 1632, D - 736 , E - 6 18, 
F - 1632, G - 1632, G - 724 , H - 6 18, I - 64 1. 
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t 
Palaeozoic foraminifera in cherb from Valdai area: A - sampie 824 , B - 1632, C - 923 , D - 884 , E - 3011 , 

F - 1632, G - 635 , H - 3718 , I - 724, J - 876, K - 876. 
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Palaeozoic foraminifera (A - E, G, H) and fragments of Bryozoan colonies (F , [- K) in cherts from Valdai area: 
A - sampie 1624, B - 618, C - 1624, D - 1624, E - 3718 , F - 736, G - 177 , H - 820 , [ - 884, J - 876, 

K - 739. 
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Palaeozoic fossil fragments in cherts from Valdai area: A , B. Spines of echinoderms?, C , 0 , E, F. Bryozoan colonies, 
G . se rpulid , H. conodont. A - sampIe 7730, B - 682 , C - 682 , 0 - 722 , E - 4120 , F - 641 , G - 5420 , H - 747. 
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B 

E 

F 
Palaeozoic brachiopods (A , B), valve of an ost racode (Cl. fragment s of crinoids (D- H) in cherts from Valdai area. 

A - sampie 8 12, B - 1624. C - 4119. D. E - 95. F . G - 812 , H - 617. 
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Palaeozoic crinoid fragments (ossieIes) In cherts from Valdai area . A, H - sampIe 577, B, C - 739, E - 617 , 
F - 7730, G - 5420 . 
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Palaeozoic crinoid fragments in cherts from Valdai area. A - sampIe 635 , B. C - 3528 , D, E, F - 3875, G -
3544. H - 3587 , I - 876 , J - 3011. 
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Palaeozoic crinoid fragments (A - C) and forarninifera (D - F) in cherts [rom Valdai area. A-C - sampie 3875 , D -
739, E , F - 884 . D- F : photornicrographs on thin sections, bar equals 0.1 rnrn. Others photornicrographs by stereo

rnicroscope on the surface, bar equals 0.5 rnrn. 
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Palaeozoie foraminifera (A, B) and erinoid fragments (C - F) in eher! - sampIe 8669: 3 from Krasnaja Gora area. 
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Paleozoic croded FlIslllinl1-type foraminifer in chert - sampie 8669: 3 from Krasnaja Gora area. 



Plate 18 Geological Survey of F inla nd , Bu llet in 334 

Danian a nd Uppe r Cretaceous foss il s frag ment s in nint sampies: A . C. bryozoa from E isberg. Sweden ( 16708: 16). 
B . spine of echinoidea from M,m , De nma rk , D , E. F . fora mini fe ra (D . F . Heterohelix sp.) fro m Dani sh sam pie. In 

B , E ba r equals 100 !im. G. fo ra minife rid from M0 n . H , I. fo raminifera (? pro loculu s stage) fro m M0 n . 
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Danian and Upper Cretaceous fossils in flint sampIes: A. Proloculus stage of foraminifera? in contact of flint and 
limestone from Amosen, Denmark, B, C. bryozoan from Amosen, D. section of foraminiferid? from Tönnersa Elds

berga (16708: 7), E. bryozoan colony from M0n, F, G. serpulids from M0n. 
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A 
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F G 

Dani an and Cretaceous fossils in flint sampies: A. bryozoa from M0n , B , E. spines of sponges from Danish sampie , 
C . Proloculu s stage of foraminifera? from M0n , D , F , G . bryozoa from M0n . In B, E, ba r equals 100 fA m, in another 

figures , 0.5 mm . 
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Foss ils in ba llast flint s from different parts of coas ta l a rea in Finland: A- D. bryozoan colonies , E. Dasycladaceae 
algaery, F . I. crustacean remain s, G. serpulid?, H. Charophyta? 
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Fossils in ballast flints from Helsinki and Kokkola a reas. A. Bryozoan colony from Hel sinki , Suomenlinna , B. spine of 
Cyalhocidarius from Helsinki , Mustikkamaa , C. Nodosaria-type from Kokkola , Mustakari . 
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Fossils in ballast flints from Halkokari, Kokkola area: A, B, C, D, G . Sections in bryozoan colonies, E, F. 
Dasycladaceae algae? , H. undetermined (echinoid plate?). Photomicrographs from thin section. 
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Bryozoan colonies in ballast flint s from Finland . A , B, D , E . from Uusikaupunki . Iso-Vehanen . C , F . from Pori , Repo
saari . 
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500}Jm 

Fossil s in ballast flint from Uusikaupunki , Iso- Vehanen : A , B. Oolina sp., C. bryozoan colony in thin section . 
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Bryozoan colonies in ballast nint from Uusikaupunki , Iso-Vehanen : A - H. cross and longitudinal sec tions. 
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ikaupunki , Iso-Vehanen: sterns of erect bryozoans; A. Porina 
cylindrica. C. Colllmnotheca cribrosa . 
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Bryozoa (A , B) a nd corallia spec ies ') (C , D) in ba llas t nint from Uusikaupunki , Iso-Veha nen . 
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A, B . Si lhuettes of dissolved spongial spines in ballast flint from Kokkola , Mustakari , C. Codiaceae algae in ballast 
flint from Kokkola , Halkokari. 
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A- D, F - H, J , K. Foraminifera , mostly Textll/aria , E, I. mold of crinoid ossicle in Palaeozoic cherts of Stone Age 
settlement site in Viipuri, Häyrynmä ki . Sampie 5620: 76. 
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Fossils and fragments in flints of Stone Age settlement site Taipalsaari, Vaateranta. A. Echinodermata? - 20659: 403 , 
B. Nodosaria type - 20659: 213 , C. undetermined fragments - 20659: 213 , D. Nodosaria-type - 20659: 213, E , F. 

Globigerinacea type - 20659: 253. 
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Foraminifera in cherts of Stone Age sett lement si te Taipalsaari. Vaateranta - 20659: 403. 
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Fossils and microfossi ls in cherts and flints of Stone Age settlement sites in Finland. A. Bryozoan colony - Kokemäki, 
Pispa 14957: 294, B. Texlllillria type - Lieto , Kukkarkoski 19991 : 794, C. E. pressing of crinoid stemjoint and Texfu
!aria type - Viipuri , Häyrynmäki , D. Endo lhyra sp - Lieto , Kukkarkoski No. 2, F . undetermined foraminiferid from 

Lieto , Kukkarkoski No . 2, G . Rocel/a type - Kokemäki , Pi spa 14957: 322. 
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A, B. Palaeozoic Myodocopida type ostraeod in eher! from Valdai area - sam pie 884, C. gastropods in eher! sam pie 
5388. 

1 
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J 
Palynomorphs in ballast limestone from Kokkola , Halkokari, A- D. Tsugapollenires sp . (Z onalapollenires?), E - G, I. 

Gleichcl/ir es type ., H. Spol/dylosium plan/lm , J. Lycopodi/lm type . 
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c D 

A. Microforaminifera , Trochiliascia type in flint from Pi spa, Kokemäki, sampIe 14957: 322, B-F. same type in ba llast 
limestone from Kokkola , Halkokari, G. H. undetermined pa lynomorph in flint from M0n , r, J . Dej7andria aff. rec

{{Ingularis in flint from M0n , L , M. dinoflagella tes from ba llast limestone at Kokkola , Halkoka ri . 
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20}Jm 

Dinoflagellates and naupliu s of copepoda in flint sampies. A , B dinoflagellates from Uusikaupunki, Iso-Vehanen , 
C. Spillije/'ites aff. /'lIm os l/s - M0n , D. Leptodinil/l11 sp . - M0n , E. naupliu s of Copepoda - flint [rom Denmark , F, G. 

Co/'dosphae/'idil/l11 g racilis - Uusikaupunki, lso-Vehanen. 
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Dinoflagellates in ballast flint sam pIe from Uusikaupunki , Iso-Vehanen . A - F. genus Cordosphaeridillm . 
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. F G 

Dinoflagellates in ballast flint sampie from Uusikaupunki , Iso-Vehanen. A. Chiropteridillm inornatllm, B. Cordo
splweridillnl sp. , C , E . Chiropteridillnl inornatlll71. D. Tha/assiophora pe/agica, F - H. Zenicodiul71 /llbriclll71 , J - L. 

Cordosphaeridium sp. 
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Oinoflagellates in flints of Stone Age se ttlement sites from Kokemäki Pi spa. (A. C . E , G , H , J , K, N) . a nd from 
Lieto , Kukkarkoski (0. F. I. L . M) . and in ballast flint from Uu sikaupunki , lso-Vehanen (B) . 
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