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While there is a rich Miocene fossil record from Europe, it is heavily biased to areas
south of 50°N, and Miocene records from northern Europe are very scarce. Especially
Fennoscandia has traditionally been considered to lack practically all evidence from
the Neogene mainly due to heavy glacial erosion during the Pleistocene. However,
during recent years, a few isolated, re-deposited finds of Miocene mammal fossils
from Finland and Sweden have somewhat changed the situation. While the original
provenance of these finds is uncertain, they most likely originate from eroded Miocene
sediments within the Fennoscandian shield itself, in any case broadly representing
northern Europe. A proboscidean humerus fragment from Suomusjarvi, Finland, is
considered Miocene in age because of microfossil contents of the attached sediment
remnant, and it has been tentatively identified as Deinotherium sp. Microfossils from
the Suomusjarvi specimen indicate a warm, humid freshwater shore environment,
broadly similar to the swamp-forest dominated plant communities from Miocene
deposits of Denmark and Iceland. Molars of a tetraconodontine suid and a gomphoth-
ere from Sweden add to the Miocene finds from Fennoscandia, although the prove-
nance of the latter is still uncertain.

during the Pleistocene, and thus finding erratic
pre-Quaternary fossils from eroded local sources
within Fennoscandia is not impossible. In gen-

Much of the Nordic countries, especially Fen-
noscandia, are almost fully devoid of any Mio-
cene sediments, due to drastic glacial erosion
during the Pleistocene. However, locally weak
glacial erosion is suggested by the preserva-
tion of Mesozoic to Cenozoic palaecosurfaces
and saprolites in parts of Sweden and Finland
(Soderman 1985, Lidmar-Bergstrom 1995, Lid-
mar-Bergstrom et al. 1997, 2000, Gilg et al.
2013, Hall et al. 2024), indicating that such
landforms have survived several glacial events
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eral, relatively little is understood about the
climatic and palacoenvironmental conditions
of northern Europe during the Miocene. How-
ever, some erratic and fragmentary discoveries
of Miocene fossil materials revealed by glacial
erosion and transport have brought to attention
modest but tantalizing clues about the palaeo-
environmental conditions in northern Europe,
including in Finland, during the Miocene. The
problem with all these cases is that these isolated
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finds are not in situ and assessing their prove-
nance is often problematic. However, consider-
ing the extent of the Late Pleistocene continental
glaciation in northern Europe, and considering
that the Miocene materials can only have been
carried and re-deposited by glacial processes
within this area, it can be argued that these mate-
rials broadly represent northern Europe. Further-
more, considering the relatively modest erosion
and lack of distortion of the mammal fossils
discovered from Fennoscandia (even including
attached sediment remnant in the fossil pro-
boscidean humerus from Suomusjérvi, Finland)
and the prevalent last glacial maximum (LGM)
palaco-ice stream directions from Gulf of Both-
nia towards southeast in southern Finland and
south to southwest in Sweden (Punkari 1997),
it is likely that all these finds originate from
eroded Miocene deposits within the Fennoscan-
dian shield itself and are not likely to have been
transported from much further south or east as
has been suggested before. We believe Bjorn
Kurtén himself would have been interested in
any possibility to evaluate environmental condi-
tions in Finland during the “Tertiary” based on
fossil evidence. Here we provide a brief review
of Miocene finds from Finland and elsewhere in
northern Europe.

Our review centers around one key find: a
fragment of a proboscidean humerus (Finnish
Museum of Natural History (MZF), specimen
KS.KN47425) found in the garden of a lake-
shore summerhouse in the village of Salittu
on the shore of Enijédrvi in the municipality of
Suomusjarvi, southern Finland, and considered
to be Miocene in age based on microfossil con-
tents of sediment remnant attached to the fossil
(Salonen et al. 2016). The story of the discovery
of this specimen is as unexpected as the find
itself, but we have no reason to doubt it based on
the information available to us. The fossil was
discovered in about 1960 by a young biology
student Marja Sorsa (1939-2018), who identified
it as a fragment of a large bone, which at the time
was speculated to be perhaps a piece of bone of a
mammoth or maybe just a plowing ox. The find
was then stored in a cardboard box in a garden
shelter and nearly forgotten for decades until
the finder, who would later become an esteemed
geneticist herself, presented it to professor

Mikael Fortelius at the meeting of the Finnish
Academy of Science and Letters in 2006. Fortel-
ius immediately confirmed that it was a piece of
a fossil proboscidean humerus, perhaps indeed
a mammoth bone. However, the heaviness and
re-mineralized appearance of the piece drew
attention and raised the intriguing possibility of
an older chronological age of the fossil. This
was confirmed in 2015 by microfossil analyses
from the sediment remnant attached to the fossil,
performed by Sakari Salonen (pollen and spores)
and Arto Miettinen (diatoms) from the Univer-
sity of Helsinki, and further supported by the
analysis of the bone itself by Juha Saarinen, who
at the time was working as a visiting researcher
at the Natural History Museum, London. The
find was published as the northernmost discov-
ery of a Miocene proboscidean fossil by Salonen
et al. (2016). Bjorn Kurtén would undoubtedly
have been fascinated by this discovery, which
together with a couple of other ex situ Miocene
finds from Sweden, as well as more exten-
sive Miocene deposits in Denmark and Iceland,
offers a rare glimpse into the environmental con-
ditions and mammals of northern Europe during
the Miocene.

Vegetation, palaeoenvironments
and climate in northern Europe
during the Miocene

Here, we discuss climate and vegetation in Fin-
land or at least the near surroundings at some
point during the Miocene (probably between ca.
16 and 5 Ma) based mainly on a single discovery,
a fossilized fragment of a proboscidean humerus
with remnants of sediment containing pollen and
other microfossils discovered in Suomusjarvi,
southern Finland (KS.KN47425, http://id.luo-
mus.fi/KS.KN47425), having been re-deposited
in early Holocene marine sandy clay by glacial
transport (Salonen et al. 2016). While pockets
of diatomite sediment of Neogene age were dis-
covered in Naruskajarvi, Salla, and smaller con-
centrations of reworked Neogene diatoms also
in other localities in northern Finland (Hirvas &
Tynni 1976, Tynni 1982, Saarnisto et al. 1999,
Hall & Ebert 2013), their palacoenvironmental
implications have to our knowledge not been
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discussed, except for demonstrating the pres-
ence of freshwater environments in the region
during the Neogene. In addition to Neogene
freshwater diatoms, some erratic finds of rede-
posited pre-Quaternary Cenozoic palynomorph
types were also discovered, including Ephedra
and Stereisporites from Akanvaara, Savukoski
(Hirvas & Tynni 1976), and Podocarpus from
Tepsankumpu, Kittild (Saarnisto et al. 1999),
but their age as well as whether they come
from locally reworked material or from a longer
distance via wind transport are uncertain (Hall
& Ebert 2013). Thus, we consider the Suomus-
jarvi find to represent the only confirmed case
of a local palynomorph sample of Miocene age
identified from Fennoscandia. We also discuss
other discoveries from the Nordic countries that
provide clues as to the climate and environmen-
tal conditions in northern Europe during the
Miocene.

The brownish silty sediment remnant in the
proboscidean humerus fragment from Suomus-
jarvi (clearly different from the Holocene clay
in which the fossil was found) contained micro-
fossils that originally led to the establishment
of Miocene age for the fossil (Salonen et al.
2016). Of particular importance in this regard
was the presence of fossils of freshwater dia-
toms of the genus Alveolophora, which existed
primarily from the Late Eocene to the end of the
Miocene, although a single find was considered
Early Pliocene in age by Kozyrenko et al. (2008).
Further clues about the age of the find came
from tentative identification of the proboscidean
as Deinotherium, a genus found in Eurasia from
the Middle to the Late Miocene (Gohlich 1999,
Vislobokova 2005, Cantalapiedra ef al. 2021, and
NOW — Database of fossil mammals, https://
doi.org/10.5281/zenodo.4268068, Zliobaite et al.
2023). Although a more precise age estimate was
not possible, it was tentatively discussed that a
relatively early, possibly Middle Miocene, age
is plausible, because there are subtropical ele-
ments in the fossil pollen sample (see below)
that suggest warm climatic conditions, tentatively
supported by the relatively modest size of the
humerus itself, which is morphometrically closer
to the Middle Miocene Deinotherium levius than
the on average larger Late Miocene Deinotherium
giganteum and D. proavum (Salonen et al. 2016).

Although the Suomusjarvi proboscidean fossil
was not in situ, we argue that it is likely to orig-
inate from a relatively local source area within
Fennoscandia, although Salonen et al. (2016)
discussed a possibility of it originating from the
Russian plain towards the east based on alkalinity
of the sediment remnant. This interpretation is
supported by several observations. First, consid-
ering the extent of the Late Pleistocene continen-
tal ice sheets, it is likely that the fossil had been
transported from approximately the same latitude
or even further north, thus making it possibly the
northernmost terrestrial Miocene mammal fossil
known from anywhere (Salonen et al. 2016).
Second, considering the northwest-to-southeast
direction of the LGM palaeo-ice streams originat-
ing from the Scandinavian mountains (Punkari
1997; see Fig. 1) and similarly oriented glacio-
fluvial transport directions during the melting
phase, the most likely source of the Suomusjérvi
fossil is towards the north-west or north from
where it was discovered. Despite being trans-
ported by ice-rafting and re-deposited in shallow
marine clay during the melting phase of the last
glacial ice sheet, it is likely that the fossil was
transported following the flow direction of the ice
and meltwaters. Glaciofluvial transport distances
of clasts in southwestern Finland were typically
short (Kaitanen et al. 1978), although ice rafting
could have carried the Suomusjarvi fossil from
further away (but perhaps unlikely against the
main meltwater flow directions). Hall and Ebert
(2013) considered local reworking the likely
source of Neogene freshwater diatoms in Lap-
land. Furthermore, a relatively local origin from
eroded material within Fennoscandia is supported
by relatively weak erosion of the specimen, even
containing remnants of the compacted Miocene
sediment exposed on its surface. No Miocene
mammal fossils have been reported from north-
western Russia near Finland (see NOW — Data-
base of fossil mammals, https://doi.org/10.5281/
7en0d0.4268068, Zliobaite et al. 2023), which
was proposed by Salonen ef al. (2016) as a pos-
sible source area for the Suomusjarvi find, further
making origin from that area unlikely. A possible
local source for the alkalinity of the sediment
remnant in the Suomusjarvi fossil could be the
metamorphic calcite deposits of southern Finland
(Saranpéd et al. 2001). Thus, we suggest that a
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..... + paleo-ice stream (data from Punkari 1997)

i\( Miocene mammal fossils

A Neogene microfossil finds (data from Hall & Ebert 2013, Salonen et al. 2016)

[ Miocene weathering stuctures at Sokli (data from Hall et al. 2024)

[ Miocene pollen sequence (19-8 Ma; data from Larsson et al. 2011)
Fig. 1. Miocene finds in Fennoscandia and Denmark. — A: Salittu, Endjarvi, Suomusjarvi (data from Salonen et
al. 2016). — B: Eskilstuna (data from Mérs & Tiltken 2008). — C: Falkenberg (data from Mérs et al. 2019). — D:
Sonder Vium (data from Larsson et al. 2011). — a: Sivakkapalo. — b: Siurunmaa. — c¢: Riukuselkd. — d: Kopsu-
jarvi. — e: Kankaanlampi. — f: Akanvaara. — g: Varriéjoki. — h: Naruskajarvi. — i: Sokli.

local origin of the Suomusjarvi fossil within Fen-
noscandia is most likely.

Some interpretation of the climate and palae-
oenvironment associated with the Suomusjarvi
fossil was possible based on the analysis of
fossil palynomorph contents of the associated
sediment remnant (Salonen ef al. 2016). Particu-
larly informative in this regard was the presence
of spores of the fern Pteridacidites variabilis,
which is considered ancestral to the modern
Cretan brake fern (Pteris cretica). In fact, P.
variabilis was the dominant palynomorph in the
sample from the Suomusjirvi specimen. The
second most common palynomorph type was the
spores of spike mosses of the genus Selaginella.
In addition to these, the Miocene palynomorph
assemblage includes pollen of coniferous trees
of the family Cupressaceae (other than Junipe-
rus, which has been the common Quaternary

taxon in the region) and Dryopteris-type spores.
These clear pre-Quaternary types occurred
mixed with pollen types that were considered
possibly Quaternary in origin (Salonen et al.
2016), such as Pinus and Betula, although all of
those taxa are also known from Miocene pollen
assemblages from other northern European loca-
tions (for example Iceland; Denk et al. 2011)
making this determination inconclusive. Further,
because pollen can be carried by long-distance
wind transport (e.g., Hall & Ebert 2013), some
of the pollen occurring along the relatively more
abundant pteridophyte spores may not be indic-
ative of the local vegetation at site of deposition
of the Suomusjarvi bone.

The microfossil community from the Mio-
cene proboscidean fossil from Suomusjérvi indi-
cates at least a warm-temperate or subtropical
climate. Moreover, based on the exceptional
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Fig. 2. Tentative reconstruction of a Miocene environment in northern Europe, based mainly on the fossil proboscid-
ean humerus fragment (Finnish Museum of Natural History, specimen KS.KN47425), and associated palynomorph
sample from Suomusjarvi, Finland. The ground-level vegetation of the moist shoreline environment is dominated
by Pteris-type ferns and spike mosses (Selaginella). Wetland with swamp cypresses is shown in the background,
based on abundant evidence of the presence of such environments in northern Europe as demonstrated by palyno-
logical evidence from the Miocene deposits in Denmark and Iceland. Pre-Quaternary Cupressaceae were also pre-
sent in the Suomusjarvi microfossil sample, although their preservation did not allow them to be determined more
precisely than to the family level. Deinotherium (of a late Middle to early Late Miocene European morphotype) is

shown browsing on an alder. Artwork by Maija Karala.

number of fern spores (over 50%) in the pollen
sample, it was judged that the bone must have
been deposited close to the shore of a freshwater
lake or a stream, which resulted in strong repre-
sentation of the local riparian plant assemblage
in the pollen sample (Salonen et al. 2016). Pteris
cretica, the closest modern analogue to the dom-
inant palynomorph Pteridacidites variabilis, is
today associated with warm and humid climate
and shoreline habitats in forest environments,
suggesting broadly similar conditions for the
Suomusjérvi find, although it should be kept in
mind that the ecology of the fossil Pteridacid-
ites may not be fully analogous to the present
Pteris. However, also Selaginella is found today
in warm, humid forest environments, further
supporting the interpretation of such palaeoen-
vironmental conditions. A reconstruction of a

palacoenvironment in northern Europe during
the Miocene, based mainly on an interpretation
of the palynomorphs from the Suomusjéarvi fossil
find and the proboscidean fossil itself, is shown
in Fig. 2.

The palynology-based climatic and palacoen-
vironmental interpretations of the Suomusjirvi
find are broadly similar to those from other
Miocene records in northern Europe, both those
coming from further south (Jylland, Denmark
(Larsson et al. 2011) and those coming from
even further north (Iceland; Grimsson ef al.
2007, Denk et al. 2011). A common feature of all
these records is the prevalence of warm-temper-
ate to subtropical humid swamp forest elements,
such as swamp cypresses (Taxodium and Glypto-
strobus), or the Pteridacidites ferns. Remarkably,
the long palynological record from Jylland, Den-
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mark, ranging from the Early Miocene ca. 19 Ma
to the Late Miocene ca. 8 Ma, indicates mostly
relatively warm and humid climatic conditions
throughout the sequence, with some brief cool-
ing events in late Early Miocene and late Middle
Miocene, suggesting a persistence of a shallow
temperature gradient and mostly warm-temper-
ate climatic conditions in northern Europe during
the Miocene, at least until ca. 8§ Ma (Larsson et
al. 2011). Estimated mean annual temperatures
were between 15 °C and 20 °C throughout the
Miocene sequence from Jylland, with consis-
tently high estimated mean annual precipitation
ranging from 1200 to 1600 mm (Larsson et al.
2011). The largest change from the Middle to
the Late Miocene in Jylland seems to have been
gradual loss of subtropical swamp forest plants
starting between 10 and 9 Ma. Thus, the inter-
preted warm, humid forest and freshwater shore-
line environment from Suomusjarvi could be
representative of much of the Miocene in north-
ern Europe. However, due to the fact that the
Suomusjérvi fossil is likely to have originated
from much further north than the Danish records,
it is perhaps more likely to be representative of a
relatively warm phase of the Miocene, perhaps
close to the temperature optimum during the
Middle Miocene (Steinthorsdottir et al. 2021), as
Larsson et al. (2011) considered Fennoscandia to
be a source of cool-temperate pollen types in the
record from Denmark during most of the Mio-
cene. In fact, during the globally warm Middle
Miocene, warm-temperate swamp forests with
such “exotic” elements as water pines (Glypto-
strobus europaeus, Cupressaceae) and magnolia
trees (Magnolia sp., Magnoliaceae) existed as
far north as Iceland (Grimsson et al. 2007).

Geological and geochemical
evidence of climate and
landscapes in Fennoscandia
during the Miocene

An important additional clue about climatic con-
ditions in Finland during the Miocene comes
from chemical weathering structures (saprolites)
formed during the Middle Miocene Climatic
Optimum (MMCO) in Palacozoic deposits of the
westernmost member of the Kola Alkaline Prov-

ince in Sokli in Savukoski, northeastern Lapland
(Hall et al. 2024). The formation of apatite-fran-
colite in Sokli, as the result of carbonatite weath-
ering under warm, humid climate, started during
the Palacogene. However, later cryptomelane
(K-Mn oxide) crusts formed on top of these
weathering structures, and “°Ar/*°Ar dating indi-
cated that they formed during the MMCO, ca.
16.9-14.7 Ma (Hall et al. 2024). This finding
demonstrates that the MMCO triggered intensi-
fied weathering under warm and humid climatic
conditions as high north as in the Arctic, and the
mean annual temperature in Sokli was probably
about 12—14 °C higher than the current ca. 1 °C
(Hall et al. 2024).

Cenozoic uplift of the Fennoscandian shield
led to exposure of Phanerozoic peneplains as
well as deep weathering of the exposed lowland
landforms in large parts of Fennoscandia, from
northern Finland towards southwest to Sweden
and southern Norway (Soderman 1985, Lid-
mar-Bergstrom 1995, Lidmar-Bergstrom et al.
1997, 2000, Lidmar-Bergstrdm & Néaslund 2002,
Gilg et al. 2013). The Baltic Sea Basin was char-
acterized by the Baltic (Eridanos) River system
and subsequent fluvial erosion and deposition
during the Miocene (Gibbard & Lewin 2016).
These features of the landscape of Fennoscandia
during the Miocene set a broader framework for
the erratic large mammal fossil and microfossil
discoveries, which would have originated either
from lowland terrestrial landscapes characterized
by chemical weathering under relatively warm
and humid climatic conditions in Sweden and
Finland, or from the fluvial realm of the Baltic
River system in the Baltic Sea basin between
Sweden and Finland.

Gilg et al. (2013) studied several kaolin for-
mations from northern and southeastern Finland
(Eteldkyld and Litmanen (Virtasalmi) SE Fin-
land; and Siurunmaa (Sodankyl4), and Vittajanka
(Salla), N Finland), suggesting based on oxygen
and hydrogen isotope ratios that they formed
under lower temperatures than have been usually
assumed (mean annual temperatures between
13 °C and 15 °C). Kaolins are mostly assumed
to form under tropical climatic conditions, but
Gilg et al. (2013) argued that the kaolins from
Finland formed in lower temperatures, none-
theless as a result of long-term exposure to
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high humidity. However, it should be noted that
the mean annual temperatures of 13—15 °C are
much higher than the mean annual tempera-
tures in central and northern Finland today (ca.
-3 to +3 °C), being instead characteristic of
the cooler end of the modern-world subtropical
climate belt, for example in the southeastern
United States. Gilg et al. (2013) considered such
mild climatic conditions in Finland to suggest
either Palaeocene—Eocene or alternatively Early
to Middle Miocene age for the Finnish kaolins.
The suggested warm-temperate, humid climatic
conditions interpreted for these kaolins are sim-
ilar to those interpreted for the Middle Miocene
weathering structures at Sokli (Hall et al. 2024),
and also align with the aforementioned palaeo-
botanical evidence from the Suomusjdrvi bone
as well as other northern European localities.

Miocene terrestrial mammal
fossils from northern Europe

While Neogene mammal assemblages are not
known from northern Europe, a few fascinating
but isolated finds of Miocene terrestrial mammal
fossil specimens have been discovered. We again
begin with discussing the only such find from
Finland, the humerus fragment of a probosci-
dean (probably deinothere) from Suomusjérvi,
mentioned above (specimen KS.KN47425). We
then discuss a couple of other finds from Fennos-
candia, which include a tetraconodontine suid
molar and a gomphotheriid proboscidean molar
from Sweden (although the latter having a more
uncertain provenance) (for locations see Fig. 1).
The proboscidean fossil from Suomusjérvi is
a fragment from the middle of the diaphysis of a
left humerus, preserving the narrowest section of
the bone. Although it is fragmentary and some-
what weathered, there does not appear to be any
obviously heavy distortion to the overall mor-
phology. It was tentatively identified as belong-
ing to a deinothere of the genus Deinotherium
by J. Saarinen (see Salonen et al. 2016), mainly
based on the lack of prominent crista humeri that
tends to be strong in most kinds of proboscide-
ans but is reduced in Deinotherium, resulting in
a rounded rather than triangular cross-section of
the mid-diaphysis (see Huttunen 2002). Morpho-

metrically the Suomusjirvi humerus (assuming
it comes from an adult individual, which is
impossible to assess with certainty) represents
the smallest end of the size range of Deinoth-
erium, similar to some specimens of D. levius
from the Middle Miocene of Europe, and possi-
bly some individuals of the early Late Miocene
D. giganteum (Salonen et al. 2016).

Estimated body mass for this specimen,
calculated using the regression equations from
Christiansen (2004) based on relationships
between body mass and postcranial bone mea-
surements in extant elephants, ranges from
4700 kg (based on mid-shaft least circumfer-
ence) to 5020 kg (based on mid-shaft least
width). As compared with the other Deinoth-
erium species, it is closest in estimated size to
the D. levius vel giganteum (body mass 4878 kg
calculated based on radius length using the equa-
tions from Christiansen (2004)) whose fragmen-
tary skeleton was discovered from the Middle
Miocene locality of Gratkorn, Austria (Aigl-
storfer et al. 2014). Also, a partial deinothere
skeleton from Munich, Germany, assigned to
D. giganteum by Stromer (1938), allowed for
estimation of similar body mass (5200 kg) based
on humerus mid-shaft width. Other specimens of
Deinotherium tend to be larger on average. For
example, a D. levius from Gusyatin, Ukraine,
described by Svistun (1974), has an average
estimated body mass of ca. 8600 kg based on
several postcranial bone measurements using the
equations from Christiansen (2004), and the late
Miocene D. giganteum and D. proavum body
mass estimates typically range from ca. 6000
to ca. 15000 kg, averaging around 11 000 kg
(Christiansen 2004, Saarinen 2009, Larramendi
2016).

Assuming the identification of the Suomus-
jarvi humerus as Deinotherium is correct, the
presence of this taxon in northern Europe during
the Miocene further corroborates the interpreta-
tion of the presence of predominantly wooded
vegetation in the region. Palaeodietary analyses
have consistently demonstrated purely browsing
diets, probably mostly folivory, for the deinoth-
eres across their range in time and on different
continents (e.g. Cerling et al. 1999, Calandra
et al. 2008, Loponen 2020, Xafis et al. 2020,
Saarinen & Lister 2023, Konidaris et al. 2023).
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Furthermore, a specialized canopy-level brows-
ing ecology has been suggested for the deinoth-
eres based on a combination of their traits, includ-
ing tapir-like bilophodont molar morphology, tall
stature due to relatively long limb elements, and
downturned lower tusks and lack of upper tusks
in combination with a probably quite short pro-
boscis to facilitate browsing among canopy thick-
ets (Harris 1975, Markov et al. 2001).

Besides the palacoenvironmental implica-
tions, the Suomusjdrvi humerus is remarkable
in representing possibly the northernmost Mio-
cene find of a fully terrestrial mammal globally
(although semi-aquatic carnivoran fossils from
the Miocene are known from further north, from
Arctic Canada; Rybczynski et al. 2009). The
Suomusjarvi humerus demonstrates the presence
of proboscideans in northern Europe, although
a gomphothere molar from south of Lake Mélar
in Sweden was found just a little bit southward
(but has a somewhat uncertain provenance, as
discussed below). Interestingly, Osborn (1936)
mentioned another comparatively northern pro-
boscidean find from the western side of the Ural
Mountains, Russia, which was named “Dinoth-
erium uralense” by Eichwald (1831). However,
this taxon has not been revised since then, the
current location of the material seems to be
unknown and its validity is questionable (e.g.,
Markov 2004).

A lower third molar of a tetraconodontine suid
(NRM-PZ-M8135) was discovered in Falken-
berg, Halland, southern Sweden and described
by Mors et al. (2019). The location of this find
is considerably more southern than that of the
Suomusjérvi find, and although it was discov-
ered as an ex situ find on a beach, it was located
near the Miocene deposits of Denmark to the
south-west. Mors et al. (2019) discussed three
possible source areas for the find, one of which
was the Miocene deposits in Denmark, another
one could be eroded and lost Miocene sediments
from central or northern Sweden or the Baltic
Sea (which could also be the provenance of the
gomphothere molar found south of Lake Mélar
in Sweden), and the third possibly the Miocene
deposits further east in the Russian Plain. The
provenance was left uncertain, although the Mio-
cene sediments of Denmark were considered the
closest possible source (Mdrs ef al. 2019). How-

ever, transport from Denmark seems unlikely,
because it would be against the ecast-to-west-
oriented palaco-ice stream in that area during
the LGM (Fig. 1). Similarly, transport from as
far east as western Russia seems highly unlikely,
also being against the prevalent LGM ice flow
and meltwater flow directions that are oriented
from northwest towards southeast in eastern Fen-
noscandia (Fig. 1). Furthermore, the Miocene
deposits in Denmark are located south-west from
the southern edge of the maximum extent of
LGM north-European ice sheets (Fig. 1). Thus,
a more local source area, probably north from
where the Falkenberg fossil was found, seems
like the most likely source area. Tetraconodontine
suids were present in Europe between ca. 16 and
10 Ma, suggesting that the Falkenberg speci-
men comes from within this age range (Mors
et al. 2019). Morphometrically the Falkenberg
tetraconodontine molar falls within the range
of Conohyus simorrensis, a common Middle
Miocene tetraconodontine known from France,
Spain and central Europe. However, Mors et al.
(2019) considered several morphological traits
of the Falkenberg specimen to be non-analogous
to other European Miocene tetraconodontines,
including relatively high tooth crown and a prom-
inent hypoconulid. The tetraconodontines had a
wide distribution and they seem to have occupied
various habitats (Fortelius et al. 1996), making it
difficult to say anything more about the palaco-
environment based on their presence in northern
Europe during the Miocene.

Finally, a third intriguing Miocene mammal
fossil discovery from Fennoscandia is a speci-
men of a first or second lower molar of a gom-
photheriid proboscidean found in a conglom-
eratic sandstone cobble redeposited in Pleisto-
cene glaciofluvial deposits south of Lake Mélar
in Eskilstuna, central Sweden (Mors & Tiitken
2008, Tiitken & Mors 2008, Mors et al. 2019).
A comprehensive description of this specimen
is, however, not yet published so we mention it
provisionally as a possible additional find of a
Miocene mammal fossil from northern Europe,
noting that the provenance of this specimen
is currently considered uncertain (Mors et al.
2019). Based on analysis of C, O, Sr and Nd
isotope composition of the specimen, Mors and
Tiitken (2008) and Tiitken and Mors (2008)
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suggested that the likely provenance of the spec-
imen is within the Fennoscandian shield, as
they reflect the isotopic ratio of old crustal
rocks. However, the provenance of the speci-
men was later considered unproven (Mors et al.
2019). Nonetheless, as with the Suomusjérvi and
Falkenberg fossils, a local source area within
Fennoscandia seems plausible considering that
the Eskilstuna fossil is in good condition and was
found in glaciofluvial deposits which extend a
short distance northward (A. Hall pers. comm.).
Mors and Tiitken (2008) mentioned Gomphoth-
erium or Amebelodon as possible taxonomic
identifications of the specimen, although the
latter is known primarily from North America
and is the less likely identification. From avail-
able photographs of the specimen, the identity
as Gomphotherium seems plausible because of
the relatively simple morphology and cusp align-
ment in relatively straight transverse rows. Gom-
photherium was an ecologically versatile and
widespread genus in Europe during the Early and
Middle Miocene, and it occupied a wide range of
environments from open and dry savannas and
semi-deserts in Spain (Menéndez et al. 2017)
to warm-temperate forests, woodlands and wet-
lands in central Europe (e.g., Eronen & Rossner
2007). Dietary analyses of Miocene European
Gomphotherium indicate mixed-feeding in more
open environments, for example in Spain and
France, and browse-dominated feeding in more
forested areas in central and eastern Europe
(Calandra et al. 2008, Loponen 2020, Xafis ef al.
2020, and first author’s unpubl. data). Thus, the
presence of this taxon constitutes a typical faunal
element in Early to Middle Miocene Europe
rather than being associated with a particular
type of palaeoenvironment. Further description
of the fossil is needed to evaluate its potential
palaeoenvironmental implications.

Conclusions

Although there is no direct evidence of environ-
mental and climatic conditions in Finland during
the Miocene, a single ex sifu Miocene mammal
find from Finland, the partial proboscidean
humerus from Suomusjéirvi, southern Finland,
brought by glacial transport from the vicinity,

and a couple of other finds from Fennoscandia,
as well as microfossil evidence from in situ
Miocene sediments from Denmark and Iceland,
allow bracketing of environmental conditions of
Finland during parts of the Miocene with reason-
able confidence. The palynomorph assemblage
from the Suomusjérvi specimen is dominated by
Pteridacidites and Selaginella spores and pollen
of cypress trees, which by modern analogue
indicate the presence of a warm-climate wooded
shoreline environment, while pollen assemblages
from Denmark and Iceland also demonstrate
prominent presence of warm-climate swamp
forest plants such as swamp cypresses (Taxo-
diaceae). Lowland landscapes with prominent
chemical weathering under relatively warm and
humid climatic conditions prevailed in Finland
at least during the Middle Miocene Climatic
Optimum, as evidenced by saprolite formations.
Combining these lines of evidence suggest that
conditions in Finland were warm-temperate and
environments were characterized by warm, rela-
tively humid forests and wetlands, at least during
the warmest stages of the Miocene. Isolated,
allochthonous finds of Miocene proboscidean
and suid fossils from Fennoscandia demon-
strate similarity to Miocene mammals from cen-
tral Europe. The tentative identification of the
humerus fragment of a proboscidean from Suo-
musjérvi as Deinotherium secondarily supports
the interpretation of wooded environmental con-
ditions in northern Europe during the Miocene.
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