
Hans- Peter Schulz, Brita Eriksson, Heikki Hirvas, Pekka Huhta, Högne Jungner, 
Paula Purhonen, Pirkko Ukkonen and Tuija Rankama 

Excavations at Susiluola Cave 

1. Introduction .. ........ ...... ........................................ .... ... ...... ...... ...... .. ............ .. ... .. .... 6 

2. Background and objectives of the research ..... ... ....... ..... .. ... .... .. .... ......... .. ..... .. ... 6 

3. The geo logy of Susi luola Cave .... .. .... ...... ..... ... .... ..... .................... ... .. ............ ..... 8 
3. 1 The site and its surroundings ........ ...... .. .. .... ... ...... ..... ... .......... ..... ..... ........ 8 
3.2 The cave sediments .... ... ....... ...... ... ............. ... ............... ..... .... ............... .. .. 13 
3.3 Discuss ion ... ... ... .. ................. .......... .... ...... ..... ...... ............... .......... .... .. .. ..... 13 

4. Dating the Susiluola Cave sediments .......................... ..... ..... ....................... .. .. .. 14 

5. The archaeology of the cave ............................................................ ... ...... ..... ..... 15 
5.1 General character of the deposi ts ... .. ..... ................. ..... ............... ........ .... . 15 

5.1.1 Stratigraphy and archaeological units ...................................... ... 16 
5.1.2 The pavement in Layer IV 2 ..... .. .................. ........ ... ...... ........ .... .. 17 
5.1.3 Traces of fire ................................................. ... ... .. ... ..... ............... 18 

5.2 The raw materials ... .................. .. ............................. .............................. ... 18 
5.2. l The condition of the raw material ... ... .................................. ....... 20 
5.2.2 The question of »artefacts» produced by natural forces ........ .... 2 1 

5.3 The lithic industry of Layers IV and V................................. ..... .. ........ .. . 23 
5.3 .1 Material of moderate fracturing qualities: red siltstone, fine 

gra ined quartzite and volcanic rock .................. ........ ................... 24 
5.3. 1. l The tools ........................... .. ......................... .................... . 25 
5.3.1.2 The lithic production .... .... ..... .. ....... .. ................................ 25 

5.3.2 Material of poor fracturi ng qualities: quartzite, sandstone and 
quartz ................................................. .. ............ ..... ............ .... ..... .... 27 
5.3 .2. 1 The tools .............. ........... .................................................. 27 
5.3.2.2 The lithic production .... ..... .. ... .......... .................... .. ..... .. ... 27 

6. The pollen record .. . .. .. . .. . .. .. .. ... . .. . . . .. .. ... . . . .. .. .. ... .. .......... ...... .... .... ... .. ... .. .. ....... .. . .. .. 29 
6.1 Methods and material ..... ..... .. ... .. .... . .. ... .. .. ...... .. .. .. .... .... .. ... ..... ......... .. .. ..... 29 
6.2 The pollen assemblages .............. .. ....... ... ......... ..... ..... ............ .................. 32 
6.3 Discuss ion and conclusions ......... ................. ............ ........ ..... .............. .... 33 

7. Fauna! studies .... ... .. .. ... .. . .. .. ... . .. ... .. .. .. . ..... .. ...... ...... ............. ...... ... .. ... .. ..... .... .. .... .. 34 

8. Discuss ion .. ... .... ............. ...... ... .. ........... .. ..... .. ............ ......... .. ... .. ... .... ........ ....... .... . 36 

Bibliography ... .. .... .................. .. ..... ..... ..... ...... ...... ............... ....... .. ........ .. .. ................ 38 

Authors .......... .. ................ .. ................. ...... .... ............ .. ...... ... ....................... .. .......... .. 41 

Plates ........................ .. ... .............................................. .......... .......... ......... ........... .... . 42 

Tiivistelmä ......... ..... ... .......... ........ ... ............. ... .. ... .... .............. ............................. .... . 45 

5 



1. Introduction 

In 1996, the Geologieal Survey of Finland began the study of a gravel-filled cleft in a 
gneiss roek formation resembling granodiorite at the border of Kristiinankaupunki 
and Karijoki, western Finland. The eleft turned out to be a eave at least several 
hundred square metres in size and 2.2 m in maximum height. After the di seovery of 
some possible stone artefaets, the work was di seontinued. In 1997, the National 
Board of Antiquities began arehaeologieal exeavations in eo-operation with the Geo
logieal Survey of Finland. In the eourse of four field seasons, seven stratigraphie 
layers were revealed in an area of 25 sq. m. The four lower layers turned out to be of 
Pleistoeene date and eontained arehaeologieal finds . The aim of thi s article is to 
present preliminary results of the researeh in 1997-2000, ineluding the researeh 
hi story and projeet organisation, the geology and sedimentology of Susiluola Cave 
and its surroundings, the TL- and IRSL-dating of the eave deposits, the arehaeologi
eal material of layers IV and V, the pollen analysis, and the Holoeene faunal remains . 

The eave is loeated on the northern slope of Susivuori Hili, 2 km west of Karijoki 
village in the provinee of South Ostrobothnia, at 62° 18' 10" N and 21 ° 40' E (Fig. 1 ). 
Its entranee is eurrently at the elevation of 116.5 m above sea level. The exaet size 
and shape of Susiluola Cave are not known, beeause it was filled with sediment 
nearly to the roof. Two other eaves were reeently di seovered west of Susiluola Cave 
in the same roek formation. Their entranees are still covered by sediment. 

The region around Susiluola Cave is today part of the boreal forest vegetation 
zone; the predominant forest type is submesie heath forest (Alalammi 1988). The 
mean temperature in the region ranges from -6°C to - 7°C in February and from 
+ 16°C to + l 7°C in July . The annual range of monthly mean temperatures is 23-25°C 
and the annual preeipitation 600-650 mm (Alalammi 1987). 

The loeal environment consists of typical Finnish woodland characterised by small 
patches of variable forest vegetation. South of the cave the forest is more xeric than in 
the north and is dominated by pine with lingonberry present in the undergrowth . In 
front of the cave there is a moist zone about 10 m in width with moss, ferns, and 
deciduous trees , such as rowan, aspen, and some grey alder in addition to equal 
amounts of pine and bireh. The slopes of the hill support some spruce, while juniper, 
small pine trees and liehen dominate the top of the hill. 

2. Background and objectives of the research 

The last Ice Age began in the present area of Finland e. 70,000 years ago and ended 
some 10,000 years ago (Donner 1995 , but see Arnold et al. 2002). Mammoth bones 
discovered embedded in till and glaeiofluvial sediments in different parts of Finland 
that have been dated to before the last glacial maximum (Donner 1995: 168; Ukkonen 
et al. 1999) indieate, however, that eonditions during interglacials and interstadial s 
have probably been favourable also for man. Nevertheless , archaeologists in Finland 
found it unlikely that evidence of Palaeolithic human oceupation could have survived. 
The thick masses of ice together with postglacial soi l processes were expected to 
have erased all signs of pre-Holoeene human activity, and the Mesolithic occupation 
finds from e. 10,000 years ago were considered the first indication of human coloni
sation of Finnish soi l (Edgren 1992: 20-39). Because of this, the National Board of 
Antiquities Department of Archaeology declined the suggestion of archaeological 
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Fig. I . The location of Susiluola Cave. 

excavations of the potentially Pleistocene sediments of Susiluola Cave advanced from 
Karijoki early in 1996. 

The cave is well known in the area and is associated with a wealth of local 
tradition. lt had sparked the interest of, especially, gravel contractor Kalervo Uusitalo 
of Karijoki , who thought that evidence of pre-Ice Age occupation might be found in 
the cave and who initiated and organised the clearing of the sediments from it. In 
addition to the National Board of Antiquities, he had contacted the Geological Survey 
of Finland and finally managed to interest it in the undertaking. Consequently, when 
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the clearing was initiated in May 1996, geo logists led by Dr. Heikki Hirvas were 
present. When about 64 m2 of the cave had been cleared of sed iment, local rock 
en thusiast Mauno Aro found a strange- looki ng red rock that, judging from morpho
log ica l features apparentl y related to reduction , had been intentionally shaped. To the 
geologists present it did not look like a product of nature, either. The rock was taken 
to the National Board of Antiquities for investigation. After inspecting the site the 
National Board of Antiquities decl ared the cave protected for further research by the 
Antiquities Act. 

Archaeologica l test excavations were not begun before the fo llowing yea r, how
ever. The resu lts of the test excavation were promising, and a joint research project of 
the National Board of Antiquities, the Geological Survey of Finland, the Un ivers ity 
of Helsinki Department of Geology, and the Uni versity of Helsinki Dating Laborato
ry was initiated. So far the field seasons of the project have lasted 3-8 weeks in the 
summers of 1998-2000. The fieldwork was interrupted in 2000 because of the immi 
nent danger of the roof caving in . The roof structure will be reinforced in 2002, after 
which decis ions concerning continued excavation will be made. 

The head archaeo logist responsible for the fieldwork and excavation reports is 
Hans-Peter Schulz, MA, who is also the main author of this paper. The geological and 
sed imentological investigations have been the responsibility of Heikki Hirvas , Ph.D. , 
and Pekka Huhta, M.Sc., of the Geological Survey of Finland, while the pollen 
samples from the cave have been anal ysed by Brita Eriksson, M.Sc., of the Geologi
cal Survey of Finland. The IRSL and TL analyses have been carried out by Högne 
Jungner, Ph.D. , of the Uni versity of Helsinki Dating Laboratory and the osteological 
analyses by Pirkko Ukkonen, Ph.D., of the University of Helsinki Department of 
Geology. Paula Purhonen, Ph.D., director of the National Board of Antiquities De
partment of Archaeology, has partic ipated in the fi e ldwork and been responsible for 
project co-ordination and public re lations. In addition, the field team has included 
Jaana ltäpalo, MA, Tapani Rostedt, BA, and Pirjo Hamari, MA of the National Board 
of Antiquities and research assistants Pertti Hakala and Markus Torssonen of the 
Geological Survey of Finl and , among others (Fig. 2) . This art icle has been ed ited for 
publication and partly translated by Tuija Rankama, Ph.D. Mikko Rautala has re
drawn the plans. 

The objectives of the multidisciplinary research have been to study the date and 
character of the sed iments and the archaeologica l si te , to survey the position of the 
artefact assemblage among Palaeolithic technocomplexes , and to reconstruct the palaeo
environment of the cave contemporary to its occupation. 

3. The geology of Susiluola Cave 

3. J The site and its surroundings 

South Ostrobothnia, the region where the cave is located, is an area where the Quater
nary cover is in many ways exceptional as compared with the rest of Finland. In 
addition to till deposited by the last glaciation, older till probably deriving from the 
previous, so-ca ll ed Saale glaciation has been discovered in South Ostrobothnia. Sev
eral sed iments deposited during interstad ial s or interglac ials, i. e. , ice-free periods 
between glac iations, have also been detected between the till sediments deposited 
during the various glacial periods (Niemelä & Tynni 1979; Hirvas & Nenonen 1987; 
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Fig. 2. Work in progress in the cave in 1997. Photograph National Board of Antiquities / H.-P. Schulz. 

Gibbard et al. 1989; Grönlund 1991; Kujansuu 1992; Kurkinen et al. 1993 ; Nenonen 
1995). These deposits consist of a variety of clays, gyttjas , peats , wood fragments, 
and soils. The thickness of the sediments varies from a few dozen centimetres to a 
metre. 

East of Susivuori Hili a few hundred metres from Susiluola Cave the sediment 
layers di splayed in a gravel pit indicate two separate periods of glaciation (Table 1). 

Table /. Quaternary stratigraphy in a gravel pit next to Susivuori Hili from top to bottom. 

Layer 

Peat 
Sand/gravel (littoral deposit) 
Hili clay till 
Sand (littoral depos it) 
Sand/gravel (esker) 
Bedrock 

Age 

Postg lacial 
Postglacial 
Weichseli an G laciation 
Eemian Interg lac ia l 
Saale Glaciation (deg lac iation phase) 

The esker deposited on top of a crystalline rock formation was probably formed 
during the deglaciation period of the Saale glaciation in the penultimate Ice Age. The 
littoral sands on top of it date from 130,000- 140,000 years ago (Niemelä & Jungner 
1991), while the upper till is a silty till from the period of the Weichselian glaciation. 
The widespread, dark grey moraine rich in fine particles is in South Ostrobothnia 
commonly called »hill clay» or »hill clay till» (e.g. , Ii salo et al. 1974; Niemelä & 
Tynni 1979; Bouchard et al. 1990; Lintinen 1995), because it resembles clay and is 
found, for example, on tops of hills (Pitkäranta 1996). The abundant fine fraction of 
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Rock classification 

Extrusive rocks 

c=]Metavolcanic rock 

c=]Micaceous gneiss 

C]Arcose gneiss 

Intrusive rocks 

C]Granodiorite 

c=JPorphyritic granite 

-- lineaments 

r---i riversand 
L__J lakes 

Fig. 3. Rock types in the area surrounding Susivuori Hili. Based on Virkki 2001 and Virransalo 1999. 

the till derives from clays and silts deposited on the bottom of the Eemian Sea 
(Niemelä & Tynni 1979; Pitkäranta 1996). 

Susivuori Hili is part of the contact zone between the Central Finnish granitoid 
complex and the Western Finnish schist area (Korsman et al. 1997). The rocks of the 
contact zone are variable (Virransalo 1999) and the topography of the bedrock sur-
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The Northern Part of Susivuori Hili 

excavation areas 1997•2000 

- area empticd in 1996 

- minimum size (measured) 

estimated size 

- bedrock 

boulder 

D 
0 

Fig. 4. Plan of the cave area. 

--- precipice (2-7m) 

___,,, cave border l 

face is relatively steep in places (Fig. 3). Thick Quaternary deposits, however, make 
the surface contours low (Pitkäranta 1996, 1999). 

The bedrock of Susivuori Hill consists of micaceous gneiss and arcose gneiss 
metamorphosed to resemble granodiorite. Due to the large quantity of arcose gneiss , 
the rock is hard and more brittle than the other rock types in the vicinity. The 
brittleness has probably caused the abundant formation of jointing in several direc
tions. Susiluola Cave is located in a widening of a large horizontal fracture (Vir
ransalo 1999). The exact size and shape of the cave are not known, because the cavity 
has been filled with Quaternary sediments almost up to the roof. The horizontal 
fracture can be followed almost 100 m under the cliff. Three openings have been 
located in the cleft (Fig. 4). 

According to the excavations and ground penetrating radar studies, the biggest 
cave is triangular in shape, 26 m wide at the mouth, with a maximum depth of c. 30 
metres. The maximum height of the cave opening is 1.5 m. In the highest part of the 
cave a couple of metres in from the mouth the ceiling is 2.2 m above the floor. So far 
the excavations have reached 16 m into the cave. 

The highest parts of Susivuori Hill c. 130 m above the present sea level are 
exposed rock, but the lower slopes are covered by littoral deposits (Fig. 5). The 
slopes of Susivuori Hill , as well as the other hills in the region, have been exposed to 
erosive and depositing wave action during the various shore di splacement phases of 
the Baltic Basin. As a consequence, littoral deposits have been formed almost every
where at the interface of the till-covered hills and the more even ground (Niemelä 
1978). The thickness of the littoral deposits washed from the till ranges from a couple 
of dozen centimetres to a few metres and the rocks in them are usually very rounded. 
On the other hand, the gravel and sand formations originally deposited by glacial 
meltwaters may include littoral deposits more than 10 m thick. 
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3.2 The cave sediments 

The sediments in Susiluola Cave can be di vided geologically into seven major units 
on the basis of their characteri sti cs. The stratigraphy and provisional interpretation of 
the strata from the top of the deposits to the bottom is the fo llowing: 

Layer I is the top layer and consists of rocks and boulders. Bones of Holocene 
animals have been di scovered in thi s layer. The layer represents washed littoral 
sed iment from the time the Ancy lus Stage shore of the Baltic Basin was at the level 
of the cave mouth (c . 8,500-8,000 yr BP). The !arge boulders and rocks may have 
been pushed into the cave by pack ice. 

Layer II can be di vided in two parts. The upper part is found near the mouth of the 
cave and consists of yellowish brown, partly stratified granul ate-pebble gravel that 
also includes !arge rocks and even boulders. The lower part consists of dark brown 
cemented pebble gravel without an inner structure . Both parts of Layer II can be 
inte rpreted as littoral formations from the Ancylus or older stage. The stream-strati
fied structure and the sorted character of the gravel indicate wave ac tion, while the 
presence of boulders particularly towards the mouth of the cave is probably associat
ed with pack ice. 

Layer III is a pebbly grave l depos it where the pebble size vari es between c. 6 and 
26 centimetres. It a lso includes !arge rocks. This layer is onl y fo und in the southeast
ern part of the cave. The genes is of thi s layer is not known at the moment. 

Layer IV is a paleosol (ancient so il formation) developed in gravel and sand (of 
Layer V) . According to analyses of clay minerals and Fe-Al extracts it was formed 
during an interg lac ial in conditions that were warmer and moister than today (Ma
haney et al. 2001 ). The layer consists of two units: 
- IV 2 (lower) is the interglac ial floor of the cave. In the northeastern part of the 

cave it forms the surface of a 20-25-cm paleosol that developed at the mouth of 
the cave. Some 5 min from the mouth it ends gradually and changes into Layer V . 
This paleosol is the only layer that has yielded stone artefac ts in situ . Several burnt 
stones were found by the edges of the layer. 

- IV 1 (upper) consists of so il redeposited by littoral forces. lt covers Layer IV 2 
and , towards the back of the cave, Layer V. The layer contains a !arge number of 
lithic artefacts, which show s light to moderate abrasion by water. 
Layer V consists of we ll-sorted , stratified yellowi sh granul ate pebble grave l and 

is a littora l deposit. The lithic artefacts from thi s layer show clear abras ion by 
water. 

Layer VI is also composed of well-sorted light yellow to grey ish gran ulate-pebble 
grave l. lt is a littoral deposit and the lithic artefacts from it show clear abrasion by 
water. The age of this layer is not known. 

Layer VII consists of poorly sorted dark brown granulate grave l that inc ludes sand 
and silt. The layer contains some lithi c artefacts that show clear abrasion by water. 
The age and morphogenesis of thi s layer are as yet unknown. 

3.3 Discussion 

Layers I, IV, V, and VI in Susiluola Cave are c learl y littoral deposits , while Layers II 
and III may have been originally depos ited by a glacier and later sorted by littoral 
processes. The age and morphogenesis of Layer VII are so far unknown. Ice push 
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during glacial periods or later shoreline stages has moved rocks and boulders at least 
in the vicinity of the cave mouth, resulting in a mixing of the layers. 

The geological evidence suggests that Layer V was formed during the deglaciation 
stage of the Saale Glaciation, while Layer IV (paleosol) was formed in its top part 
during the Eemian Interglacial. The stratigraphic position and the mode of formation 
(littorai deposit) of Layer V indicate that it was formed during a period when the sea 
level had reached the cave mouth because of land upheaval after the Saale Glaciation. 
The results of the analyses of clay minerals and Fe-Al extracts from Layer IV indicate 
that the layer was formed under warmer and more humid conditions than today. The 
analysis results correspond to the results from a paleoso l studied at Kärjenkoski , 
some 20 km south of Susiluola Cave. The Kärjenkoski paleosol was TL-dated to 
137,000-144,000 yr BP (Kujansuu et al. 1991 ). 

4. Dating the Susiluola Cave sediments 

Dating the Susiluola Cave layers is difficult. Apart from some quite recent bone 
remains in the upper strata, no organic material is available for radiocarbon dating. 
Luminescence dating of sand samples collected from different points within the cave 
has been begun. The sand has been transported into the cave partly by wind, but also 
by water. The area was submerged after the deglaciation and the boulders have been 
pushed into the cave by ice. 

Different preglacial sand deposits in the surrounding region have been dated before 
(Niemelä & Jungner 1991 ; Hütt & Jungner 1992; Hütt et al. 1993). They date to the 
early Eemian period. 

Samples were collected from different levels inside Susiluola Cave. The sampling 
points are indicated in Figure 6. In addition, one sample was collected from just 
outside the cave mouth. So far, only three of the samples (nos. 3, 4, and 7) have been 
dated . 

Feldspar grains were separated from the collected samples and further treated for 
measurements. 
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Susiluola Cave 
N-S section 44 .5-59.5 /2 

Fie ld drawings by P. Hakala, J. ltäpalo and H.-P.Schu lz 

Rock outcrop Mixed layer ( III / IV 

0 Stone > 20cm - Layer IV {paleosol) 
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- Layer ll a 
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- Laycr III 

Layer V 

- LayerVI 
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TL 1-7, 9 Sampling points for 
thermolumin escence ana lysis 

- )) 8 --------/ ... -;:,,.-;., ~~!l,·":J.,.-:;'-q_~r--,.""-.• L-..,-'" ~A ~ Ö"" 

Fig. 6. Section of the cave fill showing the stratigraphic layers and the sampling points for TL/IRSL. 
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The luminescence measurements were done on a Risoe reader (B0tter-Jensen & 
Duller 1992) using both the TL and the IRSL option. The main problem in dating the 
cave sediments dealt with in this work is poor bleaching of the mineral grains at the 
time of transport into the cave. The method combining TL and OSL data described by 
Hütt and Jungner (1992) was therefore also used. The bleaching properties of the 
mineral were studied using a UV lamp (Jungner 1988) and the data were compared 
with similar data obtained when sediments from the surrounding area where dated 
(Niemelä & Jungner 1991). 

Luminescence signals were measured after additional doses were given to the 
natural sample. In addition, regeneration build-up curves were measured after differ
ent times of laboratory bleaching. Exponential fitting to the build-up curves was done 
by using a program developed by Dave Huntley (see Berger & Huntley 1989). 

Gamma dose-rates were measured with a scintillation counter at each sampling 
point and the beta dose-rate was evaluated from beta activity measurements done 
with a beta counter (B0tter-Jensen & Mejdahl 1988). 

The dating results are presented in Table 2: 

Table 2. The results of luminescence dating. 

Sample Layer IRSL-date TL-date Dose-rate Sample 1D 
(ka) (ka) (mGy/a) 

4 lla 36 114 4.47 TL 446 
3 IV 128 148 3.91 TL 445 
7 V 87 102 4.18 TL 447 

The dates in Table 2 are based on the assumption that the sediment was completely 
bleached when it was transported into the cave. The dates thus represent maximum 
ages. The differences between the IRSL and TL dates indicate that bleaching was 
only partial. Since the IRSL signal bleaches much faster than the TL signal the IRSL 
dates are closer to the real age for the time of sedimentation. On this basis the age of 
Layer Ila can be regarded as younger or equal to c. 35 ka. Similarly, the age of Layer 
V is younger or equal to c. 90 ka. The samples from Layer IV show an apparent age 
older than Layer V below. This can only be explained through very poor bleaching of 
this material. The materials in the two layers clearly differ from each other in consist
ency (see above) . 

A sample collected just outside the cave was dated to 2500 yr BP, which is in 
agreement with the geological history. This result also shows that luminescence 
dating of the sediments in the area can give reliable young dates . 

5. The archaeology of the cave 

5.1 General character of the deposits 

The deposits of the cave either derive from littoral processes or have been secondarily 
influenced by them. The stratum surfaces are not quite horizontal but slope down 
towards the mouth of the cave. Because of this no part of the cave displays the 
complete Stratigraphie sequence of seven layers (see Fig. 6). The bottom layers (VII
V) are only found at the back of the cave, 5-12 m from the entrance; Layer VII is 
present only in a shallow pit in the southwestern part of the cave. Layer IV stretches 
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8-9 m in from the cave mouth. In the front part it lies on top of bedrock, while at the 
back it covers Layer V. Layer III was detected only in the southeastern part of the 
cave. Layer II covers Layers IV and III in an area between 1.5 and 8 m from the 
entrance. Big boulders pushed into the cave by ice form its outer border. An interest
ing point is the ENE-WSW alignment of the boulder belt, which differs from the 
ancient coastline (E-W) in front of the cave. 

Two fossil soil formations detected in the cave indicate longer terrestrial periods 
that affected the cave sediments. The interglacial paleosol of Layer IV 2 was formed in 
the gravel of the littoral depos it designated as Layer V. Its thickness at the cave mouth 
is 25-30 centimetres, but it thins down towards the back of the cave and tapers out c. 
6 m from the entrance. The surface of Layer IV 2 was the floor of the cave for a long 
period (see also Chapter 5.1.2). During this time the max imum height of the cave was 
1.8 m in the north-east near the entrance and about 1.6 m in the south-west. Elsewhere, 
the open space ranged from 1.4 m near the cave mouth to 0.5 m at the back. 

The deposition of Layer II decreased the open space between the floor and the 
ceiling to 0.2-0.5 metres. The cave was filled nearly completely, apart from an area 
of several square metres near the western edge of the entrance. A so il formation in 
Layer II derives from a longer terrestrial period after the deposition of the layer some 
36,000 years ago (see TL-IRSL date in Chapter 4). lt was detected only in an area 1-3 
m in from the mouth of the cave; closer to the mouth it was destroyed by a Holocene 
soil formation . The soil type is A/Es-Bv-C with a thickness of about 60 centimetres, 
which could indicate a cool dry climate at the time of its formation (B. Mahaney, 
pers. comm.). 

Disturbances in or between deposits have mainly been effected by tree roots and 
burrowing badgers. Big tree roots had grown through the paleosols of Layers II and 
IV and up to five metres into the cave. In the front part of the cave four badger 
burrows were detected in the sediments, causing disturbance in Layer I and the upper 
part of Layer II. Towards the back of the cave two badger burrows caused disturbance 
in the sediments of Layers IV- VI in squares 46-49/19-20 and 48-50/15-16 . 

5. J. I Stratigraphy and archaeological units 

Four of the seven geological layers contain archaeological finds (see also Schulz 
2002). They are grouped into three units: 

Table 3. The arc haeo logical units. 

Archaeological 
Unit 

I (Layer U 2) 

ll (Layer IV-V) 

Desc ription 

Sterile 
Short-time occupatio n outside the cave 
Sterile 
Steri le 

Several occupations; Layer IV I is secondary ; 
Layer IV2 is a palaeosol with few structures 
in situ , the materi al is partly redeposi ted; 
Layer V is completely secondary 

lll (Layer VI- VII ) Several occupations, Layer VI is 
complete ly secondary ; 
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Layer VII may be the remain s of an older 
palaeosol 

Number Geologica l 
of find s layer 

18 
( 12) 
(3) 

748 

11 2 

II 
ll l 

IV 

V 

VI 

VII 

Isotope 
stage 

1 
3 
? 

S (Se) 

S (Se) 

? 



The few finds from Layers II and III derive from an implication-zone at the back of 
the cave, where sediments from Layers II-IV have been mixed. The finds originale 
most probably from Layer IV, because in all other parts of the cave Layers II-III are 
sterile. The archaeological material of Layer IV and Layer V is partly mixed (see 
Chapter 5.3), and was therefore analysed as one unit. As indicated by the TL and 
IRSL dates, the occupations of Layers IV and V both date from Isotope Stage 5. 
According to the geological evidence the occupations are most probably associated 
with the Eemian (OIS Se). The difference in age between the occupations is unclear. 
The genesis and age of Layers VI and VII are still unknown. Only 2 sq.m of Layer 
VII have been excavated (yielding 24 artefacts) ; as of now there is too little informa
tion about Layer VII to determine it as a separate archaeological unit. 

5.1.2 The pavement in Layer IV 2 

In the northeastern part of the cave (squares 54-57119-22) the surface of Layer IV 2 
displays a pavement (Fig. 7) . The excavation has so far uncovered an area of 5 square 

Fig. 7. The pavement in Layer IV 
2. Photograph National Board of 
Antiquities / H.-P. Schulz. 
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metres, where all the surface stones are aligned horizontally forming a flat surface. 
The only disturbances in this level plane are oval depressions secondarily produced 
by big boulders deposited later on top of the layer. The pavement marks an intergla
cial floor of the cave. lt is the only archaeological in situ horizon that contains lithic 
artefacts; several burnt stones were found at its borders . The pavement is covered by 
Layer IV l, which is part of the same paleosol as Layer IV 2, but has been redeposit
ed in a probably littoral environment. 

5.1.3 Traces of fire 

Layers IV-VII contain no structures in clear context that would indicate the presence 
of hearths in the cave. The only traces of fire are scattered burnt stones in Layer IV 2 
at the border of the pavement and in Layer V at the back of the cave. These stones 
were clearly in a secondary position. Magnetic susceptibility measurements by J.-P. 
Lunkka (then) of the University of Helsinki Department of Geology showed a number 
of strong anomalies in the fine sediment near the burnt stones, which indicates camp
fires during the occupations of Layers IV and V. In the south-eastern part of the cave 
in squares 50-51/15-16 the roof forms a vault created by splintering rock fragments . 
This could be the consequence of repeated fires here. Preliminary studies of the vault 
indicate the presence of charcoal particles covered by a layer of silicate oxide. The 
age of these traces of fire is still unknown. A correlation with the higher charcoal 
particle contents in the same squares in Layer V is uncertain. 

Near the western edge of the cave entrance 1- 2 m inside the cave a bigger lens of 
charcoal was found beyond big boulders, when the locals started clearing the cave in 
1996. When archaeologists arrived in 1997, nearly all traces of the hearth had been 
destroyed. Stratigraphically the charcoal Jens belongs to the period between the gene
sis of Layer II and the boulder belt, which derives either from the glaciation in the 
beginning of 01S 2 or from the littoral period during the Ancylus Lake stage. The 
hearth could be contemporary with the soil formation in Layer II (36 ka). No artefacts 
were found either in Layer II or in the remains of the hearth on top of it. 

A pit hearth was discovered outside the cave on the top of littoral sediment derived 
from the Ancylus Lake stage. lt was dated to 2500 yr BP and some quartzite flakes 
were found with it. 

5.2 The raw materials 

The lithic raw materials of the cave (Layers IV-VII) consist of at least six rock types 
(Table 4) of quite different »quality». The rock is partly of local origin; partly its 
origin is unknown. In Finland, quartz and quartzite have been commonly used during 
the Mesolithic and Neolithic periods. In addition , smaller amounts of (basic) volcanic 
rock and fine-grained quartzite have been employed. These raw materials have been 
studied archaeologically. Red siltstone and Jotnian sandstone, however, have never 
(or extremely seldom) been used as raw material for chipped stone implements during 
the Holocene. The fracturing qualities of these materials are not yet weil known; the 
descriptions below are based on a few series ofexperimental reduction in 1998-1999. 
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Table 4. Lithic raw materials from Layers IV- VII. 

N % Weight % 

Fine-grained quartzite 10 1.2 120 g 2.4 
Red siltstone 321 35.9 678 g 13.7 
Volcanic rock 8 0.9 6g 0.1 
Quartzite Red quartzite 133 14.9 1348 g 27.2 

Greyish quartzi te 15 1.7 442 g 8.9 
Quartz Vein quartz 134 15.0 366 g 7.4 

Pebble quartz 8 0.9 17 1 g 3.4 
Sandstone Jotnian sandstone 257 28.8 1577 g 3 1.8 

Red sandstone 5 0.6 86 g 1.7 
Others 2 0.2 168 g 3.4 
I 893 4962 g 

• Fine-grained quartzite 
Yellow-brown to reddish brown and grey variations. Contains grains of quartz and 
feldspar (50-200 µm) and, as a very fine fraction ( < 20 µm), quartz, feldspar, musco
vite and chlorite (SEM + EDS-analysis by the Geological Survey of Finland). The 
fracturing quality is moderate; the surfaces show features clearly. 
Origin: Unknown, not local. 

• Red siltstone 
Dark red fine-grained silt- (or clay-) stone, which is geologically part of the Jotnian 
sandstone formation . lt occurs as thin layers or lenses within the sandstone bedrock 
and contains quartz grains < 50 µm, hematite-pigments and very fine grained materi
al. The fracturing quality is moderate, surface features are not always clear (flat 
bulbs, seldom ripples, coarse surface). 
Origin : Unknown. The Jotnian sandstone bedrock area lies at the bottom of the Gulf 
of Bothnia and in the Pori region south of Karijoki. The sandstone appears mainly as 
boulders and pebbles in glacial and postglacial sediments in southwestern Finland. 
Pebbles of red siltstone are rather rare, very few pebbles have been observed in the 
till-covered sediments close to Susiluola Cave. 

• Volcanic rock 
Dark grey to black variations. Volcanic rock is the group name for a number of rock 
types; the black flakes from Susiluola could be amphibolite (not analysed). The 
fracturing quality is moderate. 
Origin: Local (?). Appears as pebbles in the cave sediment (mainly intermediate 
volcanic rock; amphibolite and basic volcanic rock are missing) . Volcanic rock was 
unimportant as a raw material , only eight small flakes have been found. 

• Quartzite 
Red and dark grey to light grey vanat1ons, partly coarse grained (> 1 mm). The 
fracturing quality is poor. Only strong direct percussion produces bulbs ; usually there 
are no recognisable morphological features related to reduction. 
Origin: Local. Appears as pebbles in the cave sediment and on the slopes of the hill. 

• Quartz 
White to colourless variations, appears as pebble quartz and vein quartz. The fractur
ing quality of pebble quartz is comparable to that of quartzite. Vein quartz has always 
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been a problem for archaeological research, because it behaves »chaotically». The 
fi ssures and cleavages in a vein quartz block prevent systematic reduction ; on the 
other hand a block can be split by the »anvil-technique» in a short time to a !arge 
number of irregular flakes with uneven, sharp edges (Schulz 1990). Vein quartz is at 
the same time a poor quality raw material from a technical/typological point of view 
and a »good» raw material from a logistical one. The problem for research is that the 
flakes seldom bear recognisable morphological features related to reduction and are 
not often retouched. 
Origin: Local. Appears as quartz veins in the bedrock of Susivuori Hili and pebbles 
on the hill slopes; few pebbles in the cave sediment. 

• Sandstone 
Different red variations (grouped as Jotnian sandstone and red sandstone). The frac
turing quality of the red sandstone is quite poor. Only strong percussion produces 
bulbs; recognisable morphological features related to reduction are rare. The Jotnian 
sandstone is more fine-grained; some of the flakes show flat bulbs. 
Origin: Local. Appears as pebbles in the cave sediment and on the slopes of the hill. 

Fig. 8. Examples of the different lithic raw materials. 

5.2.1 The condition of the material 

The lithic material shows abrasion of different degrees (see Fig. 9) produced in a 
coastal environment. In addition, a few pieces with wind abrasion were discovered in 
Layer IV. Six categories of abrasion are distinguished: 

0 sharp edges, no abrasion (only material from Layer U2 outside the cave) 
1 edges slightly rounded, surface features still clear 
2 edges rounded, slight abrasion on surfaces 
3 edges strongly rounded, partly destroyed, clear abrasion on surfaces 
4 edges destroyed, no surface features left 
5 completely rounded (not included in the catalogue) 

Table 5. The degree of abrasion of the different rock types. 

Rock type / degree of abras ion 0 2 3 

Fine-grained quartzite (25%) (50%) (12%) 
Red siltstone 8% 47% 27% 
Quartzite 4% 63% 27% 
Sandstone 6% 60% 24% 
Quartz 19% 51 % 30% 
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Fig. 9. Different degrees of abrasion ( 1-4) on red si ltstone flakes. 

No significant differences appear to exist between the different rock types in the 
degree of abrasion. More pieces with sharp edges occur in the quartz material. This 
may be a consequence of the physical fracturing qualities of vein quartz. 

Table 6. The degree of abrasion on the lithic material in each layer 

Layers /degree of abrasion 0 2 3 4 

Layer IV 15% 62% 19% 4% 
Layer V 4% 52% 33% 10% 
Layer VI 6% 51 % 34% 9% 
Layer VII 40% 40% 20% 

The degree of abrasion is astonishingly similar in Layers IV-VI. Each Iayer has 
probably been exposed to similar processes in a coastal environment. The lithic 
material from the pavement of Layer IV near the mouth of the cave (squares 54-56/ 
19-2 1) and from the two excavated squares (54-55/20) of the block under the pave
ment (Layer IV 2) was clearly better preserved than the material from Layers IV 1, V, 
VI and VII . That is why Layer IV in Table 5 shows a higher amount of abrasion of 
degrees 1-2. Flakes with sharp edges (degree 0) were found only in the younger 
(Holocene) Layer U 2 outside the cave. Some kind of erosion must also have affected 
the lithic material of Layer IV 2, which had not been disturbed by the coastal environ
ment. 

5.2.2 The question of »artefacts» produced by naturalforces 

The analysis of the lithic material is complicated by the fact that the sediment layers 
of the cave that consist of different types of gravel contain a large amount of pebbles, 
partly of the same rock types that have been used as raw material. Naturally cracked 
rocks that appear to show evidence of deliberate reduction are known from many 
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Fig. 10. Frequencies of artefacts in Layers 1- Vll grouped by raw material. 
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Fig. 11 . Frequencies of the rock types used as raw materi al in the cave Sediment. 
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contexts (Bosinski et al. 1980; Clark 1958; Peacock 1991). In the case of Susiluola 
Cave, we can exclude »tephrofacts.» (Gaudzinski 1996), since there has been no 
volcanic activity in Finland after the Precambrian. However, we have to consider 
cracking by frost and by sediment movement, as weil as abrasion and cracking caused 
by glaciofluvial processes and also the coastal environment. During the Quaternary 
glaciations, the cave was covered by the Fennoscandian Ice Sheet and was exposed to 
glaciofluvial processes. After the deglaciation, due to isostatic recovery the mouth of 
the cave was for a short period at the same level as the sea. During this period, water 
and pack ice pushing in during the winter affected the cave sediments. 

Rock type frequencies and the amount of fractured stones were calculated for each 
layer (except for Layer 1). For the analyses , 25 % of the excavated sediment (a quarter 
of each square) was separated, and bigger pebbles (5- 15 centimetres) were collected 
from about 50% of the excavated area. The comparisons of the frequencies of rock 
types with moderate physical fracturing qualities in the cave sediment with the fre
quencies of the defined artefact material in each layer (Figs . 10 and 11), as weil as the 
comparison of the frequencies of fractured stones per layer (the complete material) 
with those of the artefacts (Figs. 10 and 12) show very clear differences: 
- the artefacts appear in Layers IV-VII and concentrate clearly in Layers IV and V 

(the few pieces from Layers II and III derive from the implication zone at the back 
of the cave) ; 

- in the cave sediment, sandstone, quartzite and quartz appear in nearly the same 
frequencies in Layers II-III and V, Layer IV contains only sandstone, while Layer 
I contains a clearly )arger amount of sandstone and volcanic rock; 

- volcanic rock is common in all layers except Layer IV, whereas the artefact 
material contains only 0.9% volcanic rock; 

- the most commonly used artefact raw material , red siltstone (35.9%), is absent 
from the cave sediment; 

- the amount of fractured stones in the cave sediment rises clearly from Layer VII to 
Layer II. Not including the material from the roof of the cave, the frequencies are 
0.5-1.5 % in Layers VII- V and 4.2-5.4% in Layers IV-II . 

If natural processes had formed all or a major part of the lithic material classified as 
artefacts, the frequencies shown in Figures 10-12 should be at least similar. This is 
not the case; quite the contrary, they differ distinctly from each other. 

Since the red siltstone and the fine-grained quartzite are not local , the material 
must have been brought into the cave. Morphological Features related to reduction are 
quite often unclear in quartz, quartzite, and sandstone; especially among the smaller 
flakes the distinction between naturally fractured and artificial surfaces is problemat
ic . For those flakes , the following selection criteria have been used: 
- platform remnant (primary) + clear features on the ventral surface 
- platform remnant (negative) + ventral surface features or at least one clear dorsal 

negative 
- unclear or missing platform remnant + bipolar splintering (prox./dist.) or at least 

one surface with clear morphological features related to reduction . 

5.3 The lithic industry of Layers IV and V 

Layer V covers the bottom of the cave in its eastern part ; at the back part, where older 
layers are present beneath, it fills the cave nearly to the ceiling. The layer is com-
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pletely secondary: it was deposited in the cave during a coastal period. At thi s time, 
the whole cave was partly under water and was nearly completely »washed out», 
apart from Layers VI and VII, which were preserved at the back of the cave. Stream 
processes fill ed parts of the cave with gravel originating from sediments in the 
vicinity of the cave. Long di stance transport can be ruled out: during the shore 
periods Susivuori-Hill was a small island many kilometres from the mainland. The 
archaeological finds of Layer V are remains of human activity near the cave. 

Layer IV consists of two geological units: the undisturbed (in situ) Layer IV 2, 
preserved in a depress ion of the cave floor near its mouth (about 6 sq.m uncovered so 
far) and the secondary Layer IV 1, which was pushed into the cave during a coastal 
period after the human occupation. IV 1 and IV 2 are probably part of the same 
paleosol-formation; Layer IV 1 must represent the remains of a soil formed originally 
in front of the cave. Consequently, the artefacts as well as the burnt stones in Layer 
IV 1 originate in activities outside the cave. 

Layer IV 2 is a paleosol developed in the gravel of Layer V. Due to thi s, Layer IV 
contains lithic material from the older occupation(s) of Layer V. Although thi s older 
material has been exposed to stronger abrasion, an exact differentiation is not possi
ble. Because of thi s, the lithic material of both layers has been grouped together as 
one archaeological unit. The analysis also includes 4 modified pieces, 4 cores, and 49 
flakes from Layers IV and V, which were removed from the cave in 1996, when the 
Geological Survey of Finland was emptying it before its protection as an archaeologi
cal site. 

The lithic material of this unit derives from at least two occupations , but we have 
to take into account the poss ibility of several occupations for each of the layers. 
Because most of the artefacts have been moved from their original context by several 
natural processes, the lithic material is not representative of one or several of the 
occupations. Nor can it be treated as a stati stical random sample, because the location 
as weil as the amount and character of the activities that produced this material are 
unknown. The present excavation results allow presenting some technological and 
typological characteristics of the lithic industry of the Susiluola site. 

5.3.1 Material of moderate fra cturing qualities: 
red siltstone, fine grained quartzite, and volcanic rock 

The analysis is based mainly on red siltstone (N = 325); fine-grained quartzite is 
represented by 3 cores and 7 small fl akes and volcanic rock by 8 small flakes : 

Table 7. Li thic material: red siltstone, fine-grained quartzite and volcanic rock 

Flakes < 15 mm 
Flakes > 15 mm 
Cores 
Others/waste 
Modified flakes 
Modified cores 
Modified pebbles 

I 

24 

256 
6 1 

7 
2 

14 
2 
1 

343 



5.3.1.1 The tools 

Only 4.3% of the lithic artefacts show secondary modification by retouch , percussion, 
or use. To exclude »retouch» caused by sediment movement or edge forming by 
abrasion only regular series of retouch/percussion were taken into account. Two of 
the cores have splintered edges, which have probably resulted from use as hammer 
stones. One cracked pebble (or thick flake ?) was formed by percussion and bears a 
denticulate edge. All retouched flakes have primary (cortical) dorsal surface; the butt 
is either primary or negative. Edge modification is always simple margin retouch. A 
typological classification of the Susiluola Cave assemblage is problematic, because 
the physical fracturing qualities of the raw material are different from those of high 
quality flint. Nevertheless, four morphological types can be distinguished: (simple 
convex) side scrapers (Plate I: 1, 2), denticulates (Plate I: 4), notches (Plate I: 3) and 
retouched flakes . Some flakes show bipolar splintering of the proximal and/or distal 
end. 

Table 8. Tools: red siltstone, fine-grained quartzite 

Side scrapers 
Denticulates 
Notched tools 
Retouched flakes 
Coarse tool (pebble) 
Hammerstones (cores) 

5.3.1.2 The lithic production (Fig. 13) 

2 
4 
4 
4 
1 
2 

The red siltstone was probably brought into the cave as small pebbles ( < 10 centime
tres , possibly mainly oval, with flat sides). They were cracked near one end and some 
of the primary flakes were modified (= denticulates, = notches). The reduction 
continued with flaking in the direction of the long axis; some of the lateral flakes 
(with negative platform remnant and primary dorsal surface) were used for the pro
duction of side scrapers. Because of the abrasion and the insufficiency of the materi
al , refitting has not yet been possible. A series of flakes (Plate I: 9-16) and three 
cores (Plate III: 1-3) indicate a special reduction technique: 

The flakes have parallel sides and 
- 2 parallel dorsal negatives (same flaking direction) 

or - 1-2 (parallel) dorsal negatives and cortex remains 
or - 1 dorsal negative (same flaking direction) and lateral negatives (transverse 

flaking direction). 
The butts are negative or (seldom) dihedral , faceted butts are absent. 
The cores are polyhedral with 2-3 platforms; they have series of parallel negatives 

along two axes crossing each other. A part of the core surface (within the smaller 
angle between the axes) is cortical. 

These cores as weil as some of the flakes indicate a reduction starting with parallel 
flaking from one platform, rotating the core and using the negative surface as a new 
platform (without preparation), removing the second series of flakes, rotating the core 
again , and continuing the reduction in the same way. This reduction technique can be 
compared to those of some well-investigated assemblages of Isotope Stage Se (Sitlivy 
1996; Moncel 1998; Bourguignon 1998; see next chapter). However, the technique 
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cannot be confirmed by core refitting; at the moment, we are only able to say, »That 
is what it looks like.» Some of the flakes with parallel sides could originate from a 
different reduction technique (Levallois flake? , Plate III : 1, 2); but this remains 
speculation. There are no other indications and red siltstone as a raw material is 
probably too low quality for the Levallois technique. 

5.3.2 Material af paar fracturing qualities: quartzite, sandstane, and quartz 

The analysis includes middle-grained greyish quartzite (n = 15), coarse-grained red 
quartzite (n = 133), red sandstone (n = 5), Jotnian sandstone (n = 257), and pebble 
quartz (n = 8). The investigation of the vein quartz material (n = 134) has not yet been 
finished and the reduction technique will not be presented in this context. 

Table 9. Lithic material A: quartzite , sandstone, pebble quartz ; B: ve in quartz 

A N B N 

Flakes < 15 mm 311 Splinters/waste < 15 mm 86 
Flakes > 15 mm 83 Flakes/waste > 15 mm 35 
Cores II 
Splintered pieces 2 Splintered pieces 3 
Others 4 Others 2 
Modified flakes 3 Modified flakes/waste 8 
Modified pebbles 5 

2 419 2 134 

5.3.2.1 The taals 

Five pebbles are modified by percussion (Plate II : 1-2); only three of the flakes 
(0.7%) are modified by retouch (cf. 6% of the vein quartz flakes or waste). The 
pebbles selected for modification are flat and more or less oval and include one 
ventifact (»Dreikanter»; Plate II: 2). The same technique was used in all cases: strong 
direct strikes from one side, either a centripetal series covering about a third of the 
periphery or a series of a few strikes on one edge. The question naturally arises , 
whether these artefacts are cores or tools. Since they were found in a clear strati
graphic context with evidence of different reduction techniques on the same raw 
materials, we consider the pieces coarse pebble tools (»choppers» ). 

The few modified flakes are rather !arge, with mainly cortical dorsal surface and 
!arge (negative) butts (Plate II: 3-4). The striking angle and the bulb indicate strong 
direct percussion. Unfortunately the pieces have suffered from strong abrasion and 
the surface features are not clear. Because of edge damage the retouches are not 
completely preserved, which complicates the morphological classification. Although 
the retouched edges are somewhat irregular, the pieces have been classified as side 
scrapers on the basis of the other morphological features. 

5.3.2.2 The lithic praductian (Fig. 14) 

The raw materials are local: they appear in frequencies of 1.5-3% in the cave sedi
ment (Layers IV and V). Three different production chains can be distinguished: 

27 



II--~ II ---. . . . 
.. . :-.·. --.. :- .·. 

axis 1 

Fig. /4. Quartzite, sandstone, (pebble-quartz): Reduction technique. 

28 



- I Direct modification of the pebble by flaking from one side (coarse quartzite, 
sandstone) 

- II Cracking the pebble, using the half with acute angles between the platform and 
the cortical surfaces as a core, and starting reduction by alternate flaking on 
one axis (parallel to the platform). The technique produces flakes with cortical 
butts, negative dorsal surfaces and partly lateral cortical surfaces. The cores 
di splay 40-60% of cortical surface and have one side (sometimes flat, often 
prismatic) with alternating negati ves (quartzite, sandstone, pebble quartz ; Plate 
III : 4, 7, 8, 10). 

- III Cracking the pebble; the reduction continued with flaking in the direction of 
the long axis. The lateral flakes (with negative platform remnant and primary 
dorsal surface) were in some cases used for the production of side scrapers. 
The next step is unclear. Up to now, there is no evidence of core preparation in 
the assemblage. The core remnants (Plate III : 6, 9) indicate alternate flaking 
along two axes crossing each other. 35% of the flakes have cortical butts 
(including flakes from Production Chain II) and 65 % have negative butts. 
Dihedral and faceted butts are absent (middle-grained quartzite, pebble quartz). 

Table 10. The Operat ion chains of the different raw material s of Layers IV- V. 

Rock type 

Red siltstone 

----- ----
Fine-grained quart zite 

Medium-grained 
quartzite 

---------------
Pebble quartz 

Coarse-grained quartzite 
Sandstone 
Pebble quartz 

Vein quartz 

Provenance Preparation 

absen t 

unknown, - -- -----

not local ? 

? 

cave, loca l --------

absent 

cave, local absent 

cave, loca l absen t 

Production 

reduction: parallel jlaking on 
2 crossing axes, rotation of 
the core 
polyhedral cores, flakes with 
paralle l dorsa l negati ves; 
negative/dihedral butts 

Reduction: alternate jlaking 
on 2 crossing axes 
Cores with two planes, flakes 
wi th cortical or negat ive dorsal 
surface and negative butt 

Use 

de nticulates and 
notches (primary 
fl akes) 
side scrapers 
fl akes? 

side scrapers 

flakes? 

»nucleus-chopper» reducrion »choppers» 

reduction: a!ternate jlaking 011 

one axis flakes1 

cores with one (prismatic) 
reduction surface , flakes with 
corti cal butt 

Reduction by anvi! technique 
Bipolar cores, splintered flakes 
pieces 
(tobe prese111ed later) 

6. The pollen record 

6.1 Methods and material 

A total of fifty samples from squares 56/20, 55/21, 54/21 , 53/20, 51/ 15, 50/15, 50/16, 
48/18, and 46/20 were analysed to determine their pollen content. Three times the 
usual amount of sample material, c. 3 cubic centimetres, was employed for the pollen 
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Fig. 16. Simplified pollen diagram (selected taxa) of the sample series from square 55/21 (B) in Susiluola 
Cave. 

analysis. The coarsest mineral fraction was removed by decanting in hydrochloric 
acid, after which the samples were treated with the conventional HCL-HF-KOH 
method. The material was mounted in glycerine and, whenever possible, 300-500 
land pollen grains per sample were counted. The sums O:P includes trees , shrubs , 
dwarf shrubs, and herbs excluding aquatic taxa) from which the percentages of the 
pollen and spore types were calculated are presented in diagrams (Figs. 15-17). 

The relative pollen frequency varied strongly. Samples with a very coarse grain 
structure were completely sterile. In most of the samples the pollen frequency was 
fairly low, although fern spores could still be plentiful. In Layer IV the pollen fre
quency was usually low/moderate. At the back of the cave (squares 48-50) in Layers 
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V and VI the pollen frequency was substantial, considering the grain structure of the 
sample material. Square 46/20, which was the farthest inside the cave of the squares 
studied, did not contain any organic material in Layers V and VI. The samples 
contained large amounts of fungal spores and hyphae, as weil as carbonised cell 
tissue; charcoal was fairly plentiful particularly in square 50/15 , Layer V and in the 
front part of the cave in square 56/20, Layer IV l/IV2, which was otherwise poor in 
pollen and spores. 

The pollen grains were weil preserved apart from the Ericaceae pollen and the 
Polypodium spores, part of which were corroded. Most samples contained a large 
amount, up to 26% (2P + 2Unknown = 100%) of spores that are as of now unidenti
fied (spore X), as well as of a type of unidentified microfossil. 

6.2 The polten assemblages 

The pollen flora of the cave is fairly identical from sample to sample, but the propor
tions of the pollen groups vary strongly. The diagrams of some of the sample series 
taken in 1999 (squares 55, 54, 51, 50, and 46) are presented in Figures 15-17. The 
pollen spectra from the cave fill have provisionally been arranged in three pollen 
assemblages (Su 1-3) and correlated with the different layers of the cave deposits. 
The pollen assemblages, however, are not unequivocally associated with particular 
layers; one pollen assemblage may in different squares be found in different layers. 

Su-1. Six samples were analysed from Layer VII (squares 50/15D and 51/15B). In 
three samples from the bottom part of the layer the pollen spectra were dominated by 
arboreal pollen, one was very poor in pollen, and two samples from the top part of the 
layer contained the same dwarf shrub and herb species as pollen assemblage Su-2. 
The latter species have probably been mixed into Layer VII at a later stage through 
water action. The arboreal pollen flora is dominated by Betula , but Ainus is also 
abundant (as much as over 30%) and even Corylus reaches several percent, with a 
maximum of 6%. Picea and Ulmus pollen grains are found sporadically. In contrast to 
the other cave layers, the proportion of grasses is as high as over 10% in the bottom
most samples. Ferns (Polypodiaceae undiff. and Polypodium) reach a maximum of c. 
20%. 

Su-2. The pollen spectra are dominated by dwarf shrubs and herbs; their combined 
share of the total pollen varies between 64.2% and 87 .7%, while the herbs reach 
11.2-38.7%. The distribution area of this pollen assemblage is centred at the back of 
the cave in squares 48/18, 49/19, 50/15-16, and 51/15B (Layers VI-IV and II). The 
same dwarf shrub and herb species are present in most of the cave samples in smaller 
proportions, dwarf shrubs (Calluna and other ericaceous pollen) being the most com
mon. The arboreal pollen includes, in addition to Pinus, Betula, and Ainus, a small 
amount of Picea. Grains of Corylus pollen are found occasionally. The ferns present 
consist mostly of Polypodiaceae spores and their share reaches a maximum of 9%. 
Aquatic plants are represented by just one pollen grain of the Sparganium type. 

The most abundant herb species are Melampyrum, Filipendula, Trifolium spp., 
Apiaceae, and Epilobium. In addition, the taxa Campanula, Centaurea cyanus, and 
Helianthemum are represented in the species list that consists almost exclusively of 
insect pollinated plants. The proportion of Artemisia does not reach above 1 % in any 
of the samples from the cave deposits, and the pollen value of Poaceae is 3.5% at its 
highest (with the exception of Su-1). As of today the total of identified herb taxa is 44. 
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Su-3. In Layers IV-II (squares 55-54/21 and 53/20) the pollen spectra are domi
nated by trees, with Pinus reaching in most cases the highest values. Tn addition to 
Betula, Ainus and Picea are present , with the maximum values of 21.1 % and 3.1 %, 
respectively. Dwarf shrubs reach as much as over 40%, while the share of herbs 
amounts to a good 10% at its highest. The herb species are the same as in the previous 
pollen assemblage (Su-2). The small shrub portion consists mostly of Betula nana 
type pollen. The maximum values of fern spores in Layer II reach 70%, while the 
unidentified spore reaches 14.2%. 

6.3 Discussion and conclusions 

The taphonomy of fossil pollen and spore assemblages in cave sediments is often 
very complicated and difficult to interpret (cf. , Coles et al. 1989). Pollen and spores 
make their way into caves with wind, water, animals, and people. Most of the air
borne pollen derives from the vegetation at the cave mouth and the local vegetation 
zone, the rest primarily from the regional vegetation zone. The vegetation at the cave 
mouth acts as a filter for the airborne pollen, which leads to under-representation of 
the regional vegetation. Pollen analyses of cave deposits often show !arge amounts of 
fern spores; even today the cave mouth area often carries a plentiful fern vegetation. 
The sporangia usually open during the night and the spores are then transported onto 
the cave floor with the cold air current. 

Before the present study, the sedimentary pollen of only two caves in Finland had 
been studied (Salonen & Kejonen 1991 ). In both caves the pollen assemblages re
flected the Holocene vegetation development. According to the authors, pollen analy
sis can in exceptional cases be used to estimate the age of cave deposits, but a study 
of the sedimentary record is essential as a complementary factor. The pollen concen
tration was found to wane quickly from the top of the deposits downward, as weil as 
towards the back of the cave, where the pollen rain is small and selective. The over
representation of the vegetation at the cave mouth may complicate comparisons with 
the known vegetation development. 

In Susiluola Cave the pollen values of Ainus and Corylus in the pollen spectra of 
Layer VII (Su-1) reflect a temperate substage of an interglacial. The completely 
dwarf shrub and herb dominated pollen assemblage (Su-2) found at its most abundant 
in Layers V and VI has been transported into the cave by insects or other animals 
(including man) and has probably been deposited in situ at the back of the cave. The 
herb pollen indicates the presence of meadows of varying dampness among the local 
vegetation. Heather and other ericaceous dwarf shrubs as well as Melampyrum have 
probably been present in the vicinity of the cave the same way as they are today. 
Grass pollen and immature pollen are absent, contrary to the sediments of, for exam
ple, Geissenklösterle (Wille 1978) and Ramesch (Hille & Rabeder 1986) Caves, 
where the pollen has been interpreted as having found its way into the cave mostly 
with animal remains. 

After the Weichselian and the retreat of the continental ice, Susivuori Hill was 
within the sphere of the Ancylus Lake stage of the Baltic Sea. As the isostatic uplift 
proceeded, the littoral processes of the Ancylus Lake reached the cave. At this stage 
some of the pollen content of the older sediments was probably washed into Layers 
III and II, forming the mixed, tree dominated pollen flora (Su-3) in Layers IV-II. 
Pollen of the contemporaneous vegetation was also transported into the cave. The 
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Armeria pollen, as weil as some of aquatic plants, possibly even most of the fern 
spores, probably derive from the Ancylus Lake shore stage. The Picea values indicate 
that at least part of the pollen content of Layers IV-II derives from a pre-Weichselian 
interglacial. After the later part of the Eemian Interglacial (Eriksson 1993 ; Donner 
1995), spruce has only been present on the Finnish west coast during the Holocene, 
becoming abundant in the area c. 3500 yr BP (Aartolahti 1966; Berglund et al. 1996). 
lt is unlikely that such amounts of spruce pollen could have found their way in the 
cave filling with wind or seep water during the Holocene. The amount of Holocene 
pollen in the cave sediments seems to be modest as a whole: Juniperus pollen, for 
example, was only occasionally found in the samples, although juniper bushes are 
common on Susivuori Hili today. 

Table 11. Tentative correlation of the lithostratigraphic units of the cave fill with the pollen assemblages. 
The most signifi cant characteristics of the pollen assemblages are expressed as percentages of total pollen 
(}:P). 

UNIT POLLEN ASSEMBLAGES 

II AP-DOMINA TED 
III Su-3 Pinus 17- 52, Betula 14-39, Ainus 2-14, 
IV (mixed) Picea 1-8, Ericaceae 11 -42 

V NAP-DOMINATED 
VI Su-2 Ericales 44-8 1, herbs 11 - 39 

(Melampyrum 1- 16, Filipendula 3-12) 

± AP-DOMINATED 
VII Su-1 Ainus 7-32, Betula 12-26, Pinus 10-13, 

Corylus 0.6-6, Picea < 1 

7. Faunal studies 

The history of the Finnish vertebrate fauna after the last glacial periods is still poorly 
known in spite of the intensified research of the past decade (Ukkonen 1993, 2001, 
2002; Rankama & Ukkonen 2001). The main problem of faunal history studies in 
Finland is the scarcity of subfossil stray finds (Kurten 1988), which is due to the poor 
preservation of bones in the acid soil. Fortunately the Holocene history of Finnish 
vertebrates can also be studied with the help of animal remains from archaeological 
sites, where bones have been preserved due to intensive heating (Ukkonen 1993, 
1997, 2002; Rankama & Ukkonen 2001). 

The faunal situation prior to the last glacial maximum ca. 18,000 yr BP is even less 
known. The mammoth bones found in different parts of Finland date from this period 
(Ukkonen & al.1999), and so does the reindeer antler from Tornio (Siivonen 1975). 
The oldest known indication of mammalian presence is the beaver dam deposit from 
Vimpeli, Western Finland, which is dated to 107,000 years ago (Aalto & al. 1989), 
that is , to the last interglacial period. 

The excavation of Susiluola Cave offered a unique opportunity to look for animal 
remains more than 100,000 years in age . The circumstances in a cave are favourable 
for bone preservation because of the relative stability of the temperature and the 
minimal physical disturbance of the sediments. The main goal of the zoological 
studies at Susiluola Cave was to find new fossils or subfossi ls in order to reconstruct 
past environments. 
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During the prospecting of the cave in 1996 and the excavations in 1997-1998 a 
quantity of bones of mammals, birds , fish, and amphibians were found in the cave, 
both over (Table 12) and under (Table 13) the sediment bed . However, none of these 
finds could be reliably associated with the oldest sediment layers. Burrowing animals, 
especially the badger, have disturbed some parts of the layers leading to a situation 
where bones - and even pollen - now reside in a »wrong» layer. Stratigraphie 
problems have also been caused for instance, by hibernating frogs. Small bones found 
within the sediment were found to be only about 220 years old. 

Table 12. Anima! bones found in Susiluola Cave. Upper layer. Banes from the eagle-owl nest ( 1997) and 
sediments with badger burraws (1998) are excluded. 

Species 

Small and medium-sized prey species: 
Felis sp. (cat) 
Castor fiber (beaver) 
Ondatra zibethica (muskrat) 
Lepus sp. (hare) 
Tetrao urogallus (capercaillie) 
Tetrao tetrix (black grause) 
Anas platyrhynchos (mallard) 
Esox lucius (p ike) 

Large prey species: 
Phocidae (seals) 
Sus scrofa (boar) 
Ovis/Capra (sheep/goat) 
Alces alces (Eurapean elk) 
Rangifer tarandus (w ild reindeer) 

Species living in the cave: 
Canis lupus (wolf) 
Canis sp. (wolf/dog) 
Metes meles (badger) 
Canidae cf. Vulpes (red fox?) 

* 14Cdating: 2505 ± 75 BP (Hela-230) 

1996 1997 1998 

X X 

X X 

X X 

X X X 

X X 

X X 

X 

X X 

x* X 

X 

X X X 

X X 

X X 

X 

X 

X X 

X 

Table 13. Anima] bones found in Susiluola Cave. Bottom layer. Bones from the eag le-owl nest ( 1997) and 
sediments with badger burraws (1998) are excluded. 

Species 

Large and medium-sized prey species: 
Felis sp. (cal) 
Lutra lutra (otter) 
Arvicola terrestris (water vo le) 
Lepus sp. (hare) 
Tetrao urogallus (capercaillie) 
Tetrao tetrix (b lack grause) 
Parus sp. (tit) 
Amphibia (amphibians) 

Large prey species: 
Rangifer tarandus (wild reindeer) 

Species living in the cave: 
Canis Lupus (wolf) 

* l 4C-dating: 220 ± 65 BP (Hela-272) , 

1996 

X 

X 

X 

X 

X 

x** 

1997 

X 

X 

X 

X 

** 14dating: 1030 ± 65 BP (Hela-229) 

1998 

X 

X 

x* 
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8. Discussion 

The Susiluola cave site is in many respects interesting as weil as problematic. It is the 
first archaeological site within the area of the Fennoscandian Ice Sheet that has 
provided evidence of human activity in northern Fennoscandia before the last glacia
tion . Most of the lithic material derives from a clear stratigraphic context, from 
Layers IV and V that could be dated by several methods. 

Layers I, IV, V, and VI in Susiluola Cave are clearly littoral deposits, while Layers 
II and III may have been originally deposited by a glacier and later sorted by littoral 
processes . The age and morphogenesis of Layer VII are so far unknown. The geologi
cal evidence suggests that Layer V was formed during the deglaciation stage of the 
Saale Glaciation, while Layer IV (paleosol) was formed in its top part during the 
Eemian Interglacial. The stratigraphic position of Layer V and the fact that it is a 
littoral deposit indicate that it was formed during a period when the sea level had 
reached the cave mouth during the process of land upheaval after the Saale Glacia
tion. The results of the analyses of clay minerals and Fe-Al extracts from Layer IV 
indicate that the layer was formed under warmer and more humid conditions than 
today. The analysis results correspond to the results from a paleosol studied at Kär
jenkoski, some 20 km south of Susiluola Cave. The Kärjenkoski paleosol was TL
dated to 137,000-144,000 yr BP (Kujansuu et al. 1991). 

The luminescence dating of Layer IV gave the dates 128 ka (IRSL) and 148 ka 
(TL), the latter representing the maximum age. For Layer V the results showed 
clearly younger ages: 87 ka (IRSL) and 102 ka (TL). According to this result Layer V 
should be slightly younger than 90 ka, which, however, is in contradiction with the 
geological and pedomorphological results. 

Employing cave palynology in archaeological investigations involves serious tapho
nomical and methodological problems (e.g., Coles et al. 1989; Carri6n et al. 1999; 
Navarra Camancho et al. 2000). Nevertheless, some palaeoreconstructions of pollen 
records from caves inhabited by man in continental Europe have been done. These 
indicate a number of cold and warm stages (e.g., Bastin et al. 1986; Schneider 1986; 
Carri6n et al. 1998, 1999). In Susiluola Cave the correlation of the pollen and lithos
tratigraphy is not very clear (Table 11). The arboreal pollen assemblage (Su-1) in 
Layer VII reflects interglacial conditions. The abundant dwarf shrub and herb pollen 
(Su-2) in Layers VI and V may have been transported into the cave with animals/ 
people. The pollen in assemblage Su-3 (Layers IV-II) is mixed. The tree pollen is 
presumed to be derived mainly from some interglacial predating the Weichselian 
glaciation; a Holocene date is considered unlikely. 

Considering all the results, the date range of the uppermost layers that contain 
archaeological finds (Layers IV and V) spans from the Eemian to the Early Weichse
lian (OIS 5; c. 132-74 ka). Because a sea transgression affected Layer V and the soil 
formation of Layer IV is interpreted as interglacial, the most probable date for these 
layers is the Eemian Interglacial (OIS Se; c. 132-120 ka). lt is of great importance for 
the dating of the occupation in Susiluola Cave that the artefacts of Layer V show 
clear abrasion produced in a coastal environment. This proves their contemporaneity 
with Layer V. 

The interpretation of the site is complicated by several factors. lt is chronologically 
and geographically »isolated»: previously, the first known traces of human occupa
tion in Finland dated from the Early Holocene and the nearest Central and East 
European sites dated to Isotope Stage Se are at a distance of more than 1,000 kilome-
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tres. Most of the evidence of the occupations on Susivuori Hili has been destroyed by 
the subsequent glacial and littoral phases ; only the cave itself, functioning as a 
sediment trap, has preserved Pleistocene deposits and the archaeological material 
embedded in them. Several (glaciofluvial or littoral) processes have, however, partly 
disturbed even these deposits and the lithic material has suffered from abrasion. 
Because of the acidity of the bedrock and the gravel layers, no Pleistocene faunal 
material has been preserved. At this time, the excavation results only allow present
ing some technological and typological features of the lithic industry of the intergla
cial Layers IV and V. 

A noticeable characteristic of the lithic material of Layers IV-V in Susiluola Cave 
is the coexistence of different operation chains with , especially, differing reduction 
techniques ( cf. Boeda et al. 1990). The »Clacton» technique appears on sandstone, 
quartz and quartzite: »nucleus-chopper» reduction, alternating flaking on one axis, 
alternating flaking on two crossing axes, and series of flakes that show typical signs 
of pebble core reduction (Chabay & Sitlivy 1993 ; Sitlivy 1996). Technological paral
lels for these reduction techniques are found, for example, in the quartz and quartzite 
material from the Eemian levels of Predmosti II (Moncel & Svoboda 1998) and the 
quartzite material of the Eemian level 5 of Scladina Cave (Bonjean 1998; Moncel 
1998; Otte 1998). On the other hand, a more developed technique has been employed 
for the reduction of the raw materials with better physical fracturing qualities, fine
grained quartzite and red siltstone: parallel flaking on axes crossing each other, 
rotating the core. This technique is associated with the Middle Palaeolithic (Boeda et 
al. 1990; Chabay & Sitlivy 1993); during Isotope Stage Seit has parallels in the lithic 
material of Scladina Cave (Sclayn, Belgium; Otte & Bonjean 1998; Bourguignon 
1998; Moncel 1998). 

The few cores and flakes from Susiluola Cave do not provide enough evidence for 
an exact typological classification, but the indicated reduction technique can be re
garded as Mousterian. The quartzite and siltstone flake tools (side scrapers, notches, 
and denticulates) also fit in this frame. Nevertheless, assignment into a precise assem
blage type (Rolland 1999; Moyer & Rolland 2001) is not possible. Since these differ
ent reduction techniques derive from the same stratigraphic context, they obviously 
do not represent technological or typological traditions, but are linked to the occur
rence, cobble size, and fracturing qualities of the lithic raw material. The very hard 
medium-coarse grained quartzite can be flaked only by very strong direct strikes; the 
»Clacton»-technique is necessary for its reduction. Red siltstone and fine-grained 
quartzite allow the use of more developed core reduction techniques, but the small 
size of the red siltstone pebbles had a clear effect on the lithic production. The 
absence of high quality flint from the Susiluola Cave raw material inventory might be 
the reason why there is no clear indication of the Levallois technique. Nevertheless, 
the other indicators allow placing the lithic assemblage from Layers IV- V in Susiluola 
Cave in the early (Eemian) Mousterian technocomplex. 

The discovery of the Susiluola site gives new perspectives on the behaviour of 
Neanderthal populations especially because of its high latitude and its probable dat
ing to the Eemian. lt was not, however, completely unexpected. The geographic span 
of the Eurasian Neanderthals covers a belt extending from Western Europe (Portugal , 
Spain, France, and Southern England) to Southern Siberia, crossing Central and 
Southern Europe. Its southern border runs from Gibraltar across the Mediterranean to 
the Levant and the Middle East. The northern border of the find locations follows 
astonishingly weil the border of the maximum of the late Weichselian glaciation. This 
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indicates that a number of the northernmost Neanderthal sites were probably de
stroyed by the last glaciation, and that we actually do not know how far north the 
Neanderthals spread. According to Rolland' s model of the development of Middle 
Palaeolithic settlement, land use, and subsistence, occupation of mid-latitude habitats 
can be observed already during cold stadial s of the Saale glaciation (OIS 6; Rolland 
1990:358 ff.; Rolland 1999, Rolland 2001). During the Eemian settlement systems 
changed and the territories of population groups grew at the same time as mobility 
increased. In addition, occupation spread to more high latitude and steppe habitats as 
weil as to alpine habitats to an altitude of over 2000 metres. Considering this back
ground, the occupation of Susiluola Cave and its date are not too far outside the frame 
of the present research concerning the Middle Palaeolithic. 

Acknowledgements 

The author of the chapter on dating wishes to express hi s thanks to Kari Korjonen and 
Kari 0. Eskola for laboratory measurements . 

BIBLIOGRAPHY 

Aalto, M., Donner, J., Hirvas, H. & Niemelä, J. 1989. An interglacial beaver dam deposit at 
Vimpeli, Ostrobothnia, Finland. Geological Survey of Finland Bulletin 348: 1-34. 

Aartolahti, T. 1966. Über die Einwanderung der Fichte in Finnland . Anna/es Botanici Fennici 
3: 368-379. 

Alalammi, P. (ed.) 1987. Atlas of Finland, Folio 131, Climate. 5th edition. Helsinki: National 
Board of Survey and Geographical Society of Finland. 31 pp. 

Alalammi, P. (ed.) 1988. Atlas of Finland, Folio 141- 143, Biogeography, Nature conservation. 
5th edition. Helsinki : National Board of Survey and Geographical Society of Finland. 32 pp. 

Arnold, N. S., van Andel, T. H. & Valen, V. 2002. Extent and Dynamics of the Scandinavian 
lce Sheet during Oxygen Isotope Stage 3 (65,000-25,000 yr B.P.). Quaternary Research 
57: 38-48. 

Bastin, B., Cordy, J.-M., Gewelt, M. & Otte, M. 1986. Fluctuations climatiques enregistrees 
depuis 125 000 ans dans !es couches de rempli ssage de la Grotte Scladina (Province de 
Namur, Belgique). Bulletin de l'Association franraise pour l 'etude du Quaternaire 1/2: 
168-177. 

Berger, G. W. & Huntley, D. J. 1989. Testdata for exponenti al fits. Ancient TL 7:3: 43-46. 
Berglund, B. E., Birks, H. J. B., Ralska-Jasiewiczowa, M. & Wright, H. E. (eds.) 1996. 

Palaeoecological Events during the last 15 000 Yea rs: Regional Syntheses of Palaeoecolo
gical Studies of Lakes and Mires in Europe. 764 p. John Wiley & Sons. Chichester. 

Boeda, E. , Geneste, J. M. & Meignen , L. 1990. Identification de chai'nes operatoires lithiques 
du Paleolithique ancien et moyen. Paleo 2: 43-80. 

Bonjean, D. 1998. Repartition spati ale de l'industrie lithique. In : Otte, M., Patou-Mathis, M., 
Bonjean, D. (eds.). Recherches aux grottes de Sclayn, vol. 2, LARCHEOLOGIE, E.R.A.U.L., 
79 Liege, 1998: 340-376. 

Bosi nski, G. , Brunnacker, K. , Lanser, K. P., Stephan , S. , Urban , B. & Würges, K. 1980. 
Altpaläolithische Funde von Kärlich, Kreis Mayen Koblenz (Neuwieder Becken). Archäo
logisches Korrespondenzblatt 10: 295-3 14. 

Bouchard, M. A., Gibbard, P. & Salonen, V .-P. 1990. Lithostratotypes for Weichselian and 
pre-Weichselian Sediments in southern and western Finland. Bulletin of the Geological 
Society of Finland 62( 1 ): 79- 95. 

Bourguignon, L. 1998. Le debitage Quina de la couche 5 de Sclayn: elements d ' interpretation. 
In Otte, M., Patou-Mathis, M., Bonjean, D. (eds.) . Recherches aux grottes de Sclayn, vol. 2, 
LARCHEOLOGIE, E.R.A.U.L. , 79 Liege, 1998, 249-276. 

B!<ltter-Jensen, L. & Duller, G. A. T. 1992. A new system for measuring OSL from quartz 
samples. Nuclear Tracks and Radiation Measurements 20: 549- 553 . 

38 



B~tter-Jensen, L. & Mejdahl , V. 1988. Assessment of beta <lose-rate using a GM multicounter 
system. Nuclear Tracks and Radiation Measurements 14: ½: 187-191. 

Carri6n, J. S. , Munuera, M. & Navarra, C. 1998. The palaeoenvironment of Carihuela Cave 
(Granada, Spain): a reconstruction on the basis of palynological investigations of cave 
sediments. Review of Palaeobotany and Palynology 99: 317- 340. 

Carri6n , J. S., Munuera, M. , Navarra, C., Burjachs, F., Dupre, M . & Walker, M. J. 1999. The 
palaeoecological potential of pollen records in caves: the case of Mediterranean Spain . 
Quaternary Science Reviews 18: 1061- 1073. 

Chabay V. & Sitlivy V. 1993. The Periodisation of Core Reduction Strategies of the Ancient, 
Lower and Middle Palaeolithic . Prehistoire Europeenne 5: 9-88. 

Clark, J. D. 1958. The natural fracture of pebbles from the Batoka Gorge, Northem Rhodesia, 
and its bearings on the Kafuan lndustries of Africa. Proceedings of the Prehistoric Society 
24: 64-77. 

Coles, G . M., Gilbertson, D. D. , Hunt, C. 0 . & Jenkinson, R. D. S. 1989. Taphonomy and the 
palynology of cave deposits. Cave Science 16: 83-89. 

Donner, J. 1995. The Quaternary History of Scandinavia . World and Regional Geology 7. 
Cambridge University Press. Cambridge. 200 pp. 

Edgren, T . 1992. Den förhistoriska tiden. Finlands historia 1. Sch ildt. Espoo. 
Eriksson, B. 1993. The Eemian pollen stratigraphy and vegetational history of 0strobothnia, 

Finland. Geological Survey of Finland. Bulletin 372. 36 pp. 
Gaudzinski, S. 1996. Kärlich-Seeufer, Untersuchungen zu einer altpa läoli thischen Fundstelle 

im Neuwieder Becken (Rheinland-Pfalz). Jahrbuch RGZM, 43. Jahrgang 1996, Teil 1: 3-
240. Mainz. 

Gibbard, P. , Forman, S. , Salomaa, R. , Alhonen, P. , Jungner, H. , Peglar, S., Suksi, J. & 
Vuorinen , A. 1989. Late Pleistocene stratigraphy at Harrinkangas, Kauhajoki , westem 
Finland. Anna/es academiae scientiarum f ennicae. Series A. 111. Geologica-geographica 
150. 36 pp. 

Grönlund, T. 1991. The diatom stratigraphy of the Eemian Baltic Sea on the basis of sediment 
discoveries in 0strobothnia, Finland . Geological Survey of Finland. Report of lnvestigation 
102, 26 pp. 

Hille, P. & Rabeder, G. (eds.) 1986. Die Ramesch-Knochenhöhle im Toten Gebirge. Mitteilun
gen der Kommission für Quartärforschung der Österreichischen Akademie der Wissen
schaften 6. 77 pp. 

Hirvas, H. & Nenonen, K. 1987. The till stratigraphy of Finland. In: Kujansuu, R. & Saarnisto, 
M. (eds.) INQUA Till Symposium, Finland 1985. Geological Survey of Finland. Special 
Paper 3, 49- 63. 

Hütt, G. & Jungner, H. 1992. 0ptical and TL dating of glaciotluvial sediments. Quaternary 
Science Reviews II: 161 - 163. 

Hütt, G. , Jungner, H. , Kujansuu , R. & Saamisto, M. 1993. 0SL and TL dating of buried 
podsols and overlying sands in 0 strobothnia, westem Finland. Journal of Quaternary Science 
8:2: 125- 132. 

Ii salo, E. , Kurkinen , I. & Niemelä, J. 1974. Moreenipeitteisiä harjuj a Pohjanmaalla. Summary: 
Till-covered eskers in 0strobothnia. Geologi 26 (5-6): 51-52. 

Jungner, H. 1988. Result from a comparison of UV and su nli ght bleaching of feldspar and 
quartz. Quaternary Science Reviews 7: 331-333. 

Korsman, K. , Koistinen, T ., Kohonen , J., Wennerström, M ., Ekdahl , E., Honkamo, M. , Id
man, H. & Pekkala, Y. (eds.) 1997. Suomen kallioperäkartta = Berggrundskarta över 
Finland = Bedrock map of Finland 1: 1 000 000. Geologian tutkimuskesku s. Espoo. 

Kujansuu, R. 1992. Palaeosols as Quatemary stratigraphical key horizons in 0strobothnia, 
westem Finl and. In : Proceedings of the symposium »Quatemary strati graphy in Fin
land », Turku , Apri l 13-14, 1992. Bulletin of the Geological Society of Finland 64 (2): 
161 - 167. 

Kuj ansuu , R. , Saamisto, M., Räisänen , M.-L. & Hanse) , A. K. 1991 . Fossil soil of Kärjenkoski 
and its correlatives in 0strobothnia, western Finland. Geological Survey of Finland. Special 
Paper 12: 119- 126. 

Kurkinen , 1., Pitkäranta, R. , Ristaniemi , 0. & Räsänen, M. 1993. 20 metriä paksu Eem
kerrostuma Kauhajoella. Geologi 45 (6): 133- 134. 

Kurten, B . 1988. Fossi l and Subfossil Mammals in Fin land . Memoranda Societatis pro fauna et 
flora Fennica 64: 35-39. 

39 



Lintinen, P. 1995. Origin and physical characteris tics of till fines in Finland. Geological Survey 
of Finland. Bulletin 379. 83 pp. + 2 app. 

Mahaney , W. C. , Milner, M. W. , Stewart , A. , Drago, A., Hirvas, H ., Huhta, P., Hancock, R. G. 
V. & Schultz, H.-P. 2001. Last interglacial age of layer IV in Susiluola Cave (Finl and) 
confirmed from comparative horizon morphology, clay mineralogy and clay skins on sands. 
In : Third International Conference on Cryopedology: dynamics and challenges of cryosols, 
Copenhagen, August 20-24, 200 / : abstracts. Copenhagen: Institute of Geography/Geocen
ter, 1 p. 

Moncel, M .-H. 1998. L ' industrie lithique de la grotte Scladina (Sc lay n). La couche mousterien
ne eemienne 5. In Otte, M. , Patou-Mathis, M ., Bonjean, D. (eds.). Recherches aux grottes 
de Sclayn, vol 2, LARCHEOLOGIE, E.R.A.U.L., 79 Liege, 1998 : 181 - 247 . 

Moncel , M.-H. & Svoboda, J. 1998. L ' industrie lithique des niveaux Eemiens de Predmosti II. 
Prehistoire Europeenne 12: 11-48. 

Moyer, C. C. & Rolland , N. 2001. Understanding the Middle Palaeolithic assemblage typology. 
Antiquity 75, 2001: 39-43 . 

Navarro Camacho, C., Carri6n, J. S. , Navarro, J. , Munuera, M. & Prieto, A. R. 2000. An 
experimental approach to the palynology of cave deposits. Journal of Quaternary Science 
15 (6): 603- 619. 

Nenonen, K. 1995 . Pleistocene stratigraphy and reference sections in southern an.d western 
Finland. Geological Survey of Finland. Kuopio. 205 pp. 

Niemelä, J. 1978. Etelä-Pohjanmaan sora- ja hiekkamuodostumien geo loginen tausta. Summa
ry: The geological background of the sand and gravel deposits of southern Ostrobothnia. 
Rakennusgeologinen yhdistys ry:njulkaisuja 12/9 1: 1-1 5. 

Niemelä, J. & Jungner, H. 1991. Thermoluminescence dating of late Pleistocene sed iments 
related to till -covered eskers from Ostrobothnia, Fi nl and. In Aitio, S. (ed.) 199 1. Current 
Research 1989-90. Geolog ical Survey of Finland. Special Paper 12: l 35-138. 

Niemelä, J. & Tynni , R. 1979. Interglacial and interstadial sed iments in the Pohjanmaa region, 
Finland . Geological Survey of Finland. Bulletin 302. 48 pp. + 4 app., J J pi. 

Otte, M. & Bonjean, D. 1998 . L'outillage. In Otte, M. , Patou-Mathis, M. & Bonjean, D. (eds. ). 
Recherches aux grolles de Sclayn, vol. 2, LARCHEOLOGIE, E.R. A.U.L. , 79 Liege, 1998: 
127- 180. 

Peacock, E. 199 1. Distinguishing between arti facts and geofacts : a test case from Eastern 
England. Journal of Fiele/ Archaeology 18: 345-361. 

Pitkäranta, R. 1996. Moreen. ipeilleiset lajittuneet kerrostumat Kauhajoen alueella ja eri tutki
musmenetelmien soveltuvuus niiden tutkimiseen . Unpubli shed Lic . Phil. thesis. Univers ity 
of Turku Department of Quaternary Geology. 121 pp. 

Pitkäranta, R. 1999. Refraktioseismisiä luotauksia Kauhajoen moreenipeitteisillä laji ttuneilla 
kerrostumilla. Summary: Refraction seismic soundings on till -covered sorted deposits in 
Kauhajoki, western Finland . Geologi 51 (1): 9-16. 

Rankama, T. & Ukkonen, P. 200 1. On the early history of the wild reindeer (Rangifer tarandus 
L.) in Finland. Boreas 30: 131-147. 

Rolland, N. 1990. Middle Palaeolithic Socio-Economic Formations in Western Eurasia : an 
Exploratory Survey . In : Mellars, P. (ed.) The Emergence of Modem Humans . Edi nburgh 
University Press 1990: 347-388. 

Rolland , N. 1999. The Middle Palaeolithic as Deve lopment Stage: Evidence from Technology , 
Subsistence, Settlement Systems, and Hominid Socio-ecology. In : Ullrich H. (ed .) Hominid 
Evolution. Lifestyles and Survival Strategies . E. A. 1999: 3 15-334. 

Rolland, N. 2001. Determinants of Middle Palaeolithic Settlement Organization: A Review of 
Ev idence, based on the Record from Western Europe. In: Conard N.J . (ed.) Settlement 
Dynamics of the Middle Palaeolithic and Middle Stone Age. Tübingen. pp. 545-57 1. 

Salonen, V.-P. & Kejonen , A. 1991. Pollen in caves and cave Sediments: observations from 
two Finni sh sites„ In: Autio, S. (ed. ) Geological Survey of Finland, Current Research 
1989- 1990. Geological Survey of Finland. Special Paper 12: 147- 151 

Schneider, A.-M. 1986. Contribution a l' etude du dernier interglaciaire: Resultats palynologi
ques a Ja grotte de Sclayn (Belgique) . Revue de Paleobiologie 5: 57-70. 

Schu lz H.-P. 1990. On the Mesolithic Quartz Industry in Finl and. Iskos 9: 7-23. 
Schulz, H.-P. 2002. The lithic industry from layers IV-V, Susiluola Cave, Western Finl and, 

dated to the Eemian interglacia l. Prehistoire Europeenne 16- 17: 43-56. 
Sii vonen, L. 1975. New results on the hi story and taxonomy of the mountain , fores t and 

40 



domestic reindeer in Northern Europe. Proc. First International Reindeer and Caribou Sym
posium Fairbanks 1972. Biological Papers of the University of Alaska, Special Report 1: 
33-41. 

Sitlivy V. 1996. Le paleolithique moyen ancien: variabilite technologique, typologique et 
fonctionnelle en Europe. Prehistoire Europeenne 9: 117- 155. 

Ukkonen , P. 1993. The post-glacial history of the Finnish mammali an fauna. Anna/es Zoologici 
Fennici 30: 249-264. 

Ukkonen, P. 1997. Pohjois-Suomen eläimistön historiaa. [Fauna! history of northern Finland]. 
Helsinki Papers in Archaeology 10: 49- 57. 

Ukkonen, P. 2001. Shaped by the l ce Age - Reconstructing the history of mammals in Finland 
du ring the Late Pleis1ocene and Early Holocene. Ph.D. thesis. Yliopistopaino . Helsinki. 

Ukkonen, P. 2002. The early hi story of seals in the northern Baltic. Anna/es Zoologici Fennici 
39, in press. 

Ukkonen, P., Lunkka, J. P., Jungner, H. & Donner, J. 1999. New radiocarbon dates from 
Finnish mammoths indicating !arge ice-free areas in Fennoscandia during the Middle Weich
selian. Journal of Quaternary Science 14: 711-714. 

Virkki , H. 2001. Karijoen Susivuoren ympärisTön maaperän ja rannansiirtymisen visualisointi. 
Unpublished MSc thesis. University of Turku, Department of Geology. 103 pp. 

Yirransalo, P. 1999. Susiluolan ympäristön kallioperästä. Unpublished report. Geological Sur
vey of Finland . Espoo. 

Wille, W. 1978. Po ll enanalytische Untersuchungen in jungpaläolitischen Höhlensed imenten 
des Geissenklösterles (Südwestdeutschland). Neues Jahrbuch für Geologie und Paläontolo
gie 157: 26 1-265. 

AUTHORS 

Hans-Peter Schulz 
National Board of Antiquities, P.O. Box 913, FIN-00101 Helsinki 
(Horne address: Hirvisentie 35, FIN-69440 Lestijärvi) 
Hans-Peter.Schul z@ pp.inet.fi 

Brita Eriksson 
Geological Survey of Finland, P.O. Box 96, FIN-02150 Espoo 
Brita .Eriksson@gsf.fi 

Heikki Hirvas 
Geological Survey of Finland, P.O. Box 96, FIN-02150 Espoo 
Heikki.Hirvas@gsf.fi 

Pekka Huhta 
Geological Survey of Finland , P.O. Box 96, FIN-02150 Espoo 
Pekka .Huhta@gsf.fi 

Högne Jungner 
University of Helsinki, Dating Laboratory, P.O. Box 11, FJN-00014 University of Hel sinki 
Hogne .Jungner@helsinki.fi 

Paula Purhonen 
National Board of Antiquities, P.O. Box 913, FIN-00101 Hel sinki 
Paula.Purhonen@nba.fi 

Pirkko Ukkonen 
University of Helsinki , Department of Geology , Geology and Pa laeontology, P.O. Box 64, 
FIN-00014 University of Helsinki 
Pi rkko. Ukkonen @helsi nki. fi 

Editor: 
Tuij a Rankama 
Tu ij a. Rankama@ helsinki .fi 

41 



' 1 .-' 

Plate ! . Red siltstone, flakes. 1- 5 modified primary fl akes ; 7- 8, prox./bipolar sp lintered flakes . 
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Plate II. Quartzite, sandstone. 1- 2 »Choppers»; 2-4 Sidescrapers. 
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Pla te III . Cores: 1-2 red siltstone; 3 fin e-grained quartzite; 4, 6 quartzite ; 5, 7, 10 sandstone; 9, 11 pebble 
quartz. 
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TIIVISTELMÄ 

Susiluola 

Susiluola sij a ilsee Kri sliinankaupungin j a Karijoen rajall a Susivuoren pohjo isrin1eessä. Vuonna 1996 käy n
ni slettiin luolan 1yhjentäminell sorasta j a Geo logian tutkimuskeskuksen ed us1aja1 saapui val paikalle leke
mään lulkimuksia. Koska työn yhleydessä löydettiin muulami a mahdolli sia ki vies illeilä , se keskeytettiin j a 
kohde rauhoilettiin muinaismuislo lain peruslee ll a. Arkeologisia kaivauksia Oll suorilettu pa ikall a vuos ina 
1997- 2000 Museoviraston, Geolog ian lulkimuskeskuksen, Helsingin yliopislo ll geo log ian la i1oksen ja Ajo i
luslaboralorion yhteislyönä. Ne ljä luo lan alinla kerrosta on osoittaulunul jääkautta vanhemmiksi j a ne 
sisäl1ävä1 myös arkeo log isia esinelöy löjä . Artikke lin larkoiluksena on es itell ä luolan alus1ava1 1u1k imustu
lokset. 

Susiluo la e i ole varsinainen luo la, vaan kysy myksessä on granodioriilti ka llioon muodoslunut vaakarako, 
joka Oll 1äyttyny1 paiko in kattoaan myöten maa-a ineksella . Luolan suuaukko on 1 16,5 melrin ko rke udell a 
nyky iseslä merenpinnasla ja sen suurin korkeus on 2,2 m. Luolan täyle koos1uu sei1 semäs1ä kerroksesta, 
jo isla kerroksel I, IV, V ja VI oval selviä rantamuodoslumia. Kerroksel II j a III saattaval o ll a a lunperin 
j ään luolaan lyöntämiä j a niiden lajittuminen on voin ul 1apah1ua myöhempien ra ntaprosessien va ikulukses
la. Kerroksen VII ikä j a synly on vie lä epäse lvä. 

Geologinen aineislo viittaa siihen, eltä kerros V on syntynyt Saa le-jääkauden sul amisvaiheessa, kun 1aas 
kerroksell IV yläosa (paleoso li ) on muodoslunul Ee rn- inlerglasiaalin aikana. Kerroksesla IV 1ehdy1 sav imi
neraali ana lyys it j a sen raula- ja alumiinipito isuudel viittaaval siihen, että kerros oli si muodoslunul nykyistä 
lämpimämmi ssä j a kosleammissa olosuhte issa. Kerroksen IV luminesenssiajoilus anloi tulokset 128 ka 
(IRSL) j a 148 ka (TL) viimeksi mainitun eduslaessa maksimi-ikää. Kerroksen V ajoi1us1ulokse1 osoittaului
val selväsli nuoremmiksi: 87 ka (IRSL) j a 102 ka (TL). Sen perusleell a kerros V oli si hie man nuorempi kuin 
90 ka, mi kä ei kuitenkaa n ole sopusoinnussa geo logisten j a pedomorfolog isten 1utkimus1ulos1en kanssa. 

Luo li sta 1eh1yjen si itepö lyana lyysien yhdi stäminen arkeo log isiin tulk imusluloks iin on aiheuttanul huo
mattavia lafonomis ia j a melodo log isia onge lmia. Myös kään Susiluolasla tehtyjen siitepö lyanalyys ien tu
loksel eivät ko rre loi kovinkaan hyv in litoslrati grafian kanssa. Puupölyjen kooslumus (Su-2) kerroksessa 
VII he ijastaa inlerglas iaalin aikaisia o losuhle ita . Varpukasv ien j a ruohova r1i s1en kasvien siitepölyl (Su-2) 
kerro ksissa VI ja V oval mahdo lli sesli jo uluneel luolaan eläinlen lai ihmi slen mukana. Näytteen Su-3 
(kerrokset IV- II ) siilepö lyl oval sekoittuneet. Puupölyjen voi o lettaa olevan pääas ialli sesli peräisin joltain 
Ve ikse l-jääkautta edellävältä in1erg las iaalilla j a niiden ajo ittuminen ho loseenin aika isiksi onkin hyv in 
epä1odennäköis1ä. 

Tu1kimus1ulos1en peruslee ll a aikahaarukka ylimpien löy löjä sisä llävien kerrosten (kerroksel IV j a V) 
kohda ll a ulottuu Eemislä varhaiseen Ve ikse liin (01S 5; noin 132-74 ka). Koska merenpinnan 1ransgress io 
o n va ikuttanul kerro kseen V ja kerroksen IV maannos on 1ulki11u inlerglas iaali seks i, lodennäkö inen ajoi1us 
näille kerroksille on Eem-inlerglas iaali (OIS Se; no in 132- 120 ka). Suuri merk i1ys on kerroksesta V 
peräisin olev issa es inelöydöi ssä lodeluilla se lvill ä, ran1ao losuh1eissa sy n1yneillä abraas iojäljillä. 

Luo nleenomaista Susiluolan kerroks isla IV-V saadulle ki viaineis10 1le on siinä samanaikaisesti es iinty
vät eril aiset valmi s1us1ekniikat. »C lac1o n»-1eknii kkaa on käytetty hiekkaki vessä, kvarlsissa j a kvar1sii1i ssa. 
Toisaa lt a 1yöstöomina isuuksil1aan paremmi ssa ki vil aje issa kuten hienorakeisessa kvartsiili ssa ja puna isessa 
silttik ivessä es iinlyy keskipaleo liittikumille lyypilli siä valmis1us1ekniikoi1a . 

Susiluolan muulamal y1ime1ja sä leel eiväl larj oa riittäväsli aineisloa larkkaan lypologiseen luokitte luun, 
mutta nii ssä ilmenevää iskenlälekn iikkaa vo idaan pi lää Mousleri enill e ominaisena. Myös kvar1sii1i s1a ja 
silttikiveslä valmi stetut , säl eeslä muo1o illu1 es ineel sopi val sen puitteisiin . Kivies ine itä ei ole kuitenkaan 
mahdo lli sla sijoittaa määrätt yihin es inetyy ppeihin . Korkealuokkaisen piimateriaalin puuttuminen vo i o lla 
syynä siihe n, ettei esine islössä ilmene Leva llois-lekniikan piirteilä . Silti esineistön muul ominaisuudet 
an1ava1 mahdo lli suuden liittää kerrosten IV- V ki viesineel Mousteri en-leknokompleksin piiriin. 

Susiluo la on tulkimuskohleena mie lenkiinloinen, mutta samalla monessa suhleessa onge lmallinen. Ky
symyksessä on 1ähän mennessä ainoa paikka Fennoskandiassa, jossa mannerjään pe ittämältä aluee lta on 
lodettu ihmislo iminnan j älkiä vi imeislä jääli köitymistä ede ltävältä aj anjaksolla. Lähimmät samanaikaisen 
as utuksen merk il lunnetaan y li 1000 km :n eläisyydeltä Susiluolasta, mikä lekee siitä il miönä kronolog isesti 
ja maantielee lli sesti »eri stetyn». Aineiston tulkintaa vaikeuttaa myös se , että Susivuorella tapahtuneen 
paleo liitti sen toiminnan jäännöksiä on säilynyl ainoas1aan vähäisessä määrin itse luolan pohjalla olevassa 
sedimenti ssä. 

Susiluo lan löy1yminen an1aa kui1enkin uusia mahdolli suuksia tutki a Neanderthalin ihmisen käyttäyty
mistä. Tähän mennessä tunnettujen Neanderthal-löylöpaikkojen pohjoi sraj a seuraa hämmäslyttävän hy vin 
Veikse l-jäätikö itymisen reunaa, jo lloin voidaan o lellaa pohjoisimpien nii slä tuhouluneen viime isen jääti
kö ilymi sen seurauksena. 
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