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Two erratic blocks found on Averøy and Frei in Nordmøre contain fossils of Paleocene-Oligocene 

age. A yellowish sandstone block found at the shore on Tjønnøya at Averøy contains a fossil decapod 

Palaeocarpilius sp., a genus previously known from the Eocene and Oligocene of the Tethys. A brownish 

sandstone block found 60-65 m above present sea-level in Frei contains fossil plants leaves (alder and 

beech), and common terrestrial and rare marine palynomorphs. The recovered dinoflagellate cysts 

point to a Late Paleocene age for this erratic rock. The two erratic blocks found on Nordmøre derived 

from sediments deposited in marine, warm-water, near-shore environments. Possibly, the erratic 

blocks originate from relatively shallow water sediments deposited in the Northern Norwegian-

Danish Basin (Skagerrak area) in Late Paleocene to Oligocene times. 
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is a relatively large fossil crab preserved in yellowish, calcareous 
sandstone. Upon closer examination, it was identified to be a 
carpiliid crab of the genus Palaeocarpilius A. Milne Edwards, 
1862 as commonly found in the Middle- Late Eocene to Early 
Miocene in the Tethyan Realm (Figs. 3.1, 3.2).

Erratic blocks with Mesozoic fossils and coal are found at 
several locations along the Norwegian Coast (Ravn and Vogt 
1915, Oftedal 1972, Fürsich and Thomsen 2005, Bøe et al. 
2008, 2010, Petersen et al. 2013). Most of them originate 
from nearby offshore or in-shore sedimentary basins (Bøe et al. 
2008, 2010), but some blocks may have been transported over 
longer distances by the sea-ice. To the authors’ best knowledge, 
the Paleogene fossils found at Averøy and Frei are the first on-
shore records of Early Tertiary fossils in Norway (excluding 
Svalbard). The present paper gives a concise description of the 
fossils and correlates the macrofossil fossil assemblages with 
comparable assemblages described elsewhere in Europe and the 
micro-floras with time-equivalent assemblages reported from 
the Norwegian Shelf. Possible paleogeograhic implications of 
the recoveries of the erratic fossils are also discussed. 

Figure 1. Location map of Early Tertiary erratic blocks found on Averøy and Frei, Nordmøre.

Introduction

In December 2012, Mrs. Anne Lise Tømmervåg contacted 
geologist Arne Solli at the Geological Survey of Norway 
about the finding of a block with plant fossils at island Frei 
in Nordmøre (Fig. 1). The fossils were preserved in an erratic 
sandstone block (Fig. 2) which was discovered beneath the 
roots of a pine-tree on her property at Åneslia, some 60-65 m 
above the present sea-level. The rock with the plant fossils was 
sent to NGU and a small piece of the sandstone was picked 
out for palynological analysis. The sampled yielded a fairly rich 
micro-flora of Paleogene pollen, spores and some rare marine 
micro-plankton. 

The bedrock in the area comprises high-grade Precambrian 
gneisses (Råheim 1972), and the Quaternary cover is very thin 
at the location of the finding. A short survey at the site in July 
2014 did not add further discoveries. 

Late February 2015, Mr. Alf Marius Røsand contacted 
NGU about a rock containing a fossil crab found by Mr. 
Johannes Johnsen Ormset some 15 years ago, among boulders 
on the shore of the small islet Tjønnøya at Averøy (Fig. 1) This 
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Figure 2. Erratic sandstone with fossil plant leaves found at Åneslia, Frei (Photo: Anne Lise Tømmervåg). The size of the block is approximate 25×40 cm.

Fossil Decapod from Averøy

The decapod specimen found on Averøy is fairly complete, 
with most of the carapace, chelae and some remains of legs 
present (Figs. 3.1, 3.2). The carapace is wider than long, 
measuring 10.5×7.0 cm. Although the carapace surface is 
heavily degraded and most of the cuticle is missing, from 
closer examination of photos, it is observed that the specimen 
preserves still the main diagnostic characters such as: carapace 
low length/width aspect ratio, strongly vaulted longitudinal-
ly; triangular front strongly downturned with medial notch; 
rounded, small and entire orbits, strongly arched anterolateral 
margin armed with lobes or teeth; well-marked short trans-
verse ridge starting from last anterolateral spine; shorter and 
concave postero-lateral margin; short and straight posterior 
margin; robust and smooth chelae with remains of tubercles 
on upper margin and short dactily. This set of characters allows 
us to assign it with confidence to the genus Palaeocarpilius A. 
Milne-Edwards, 1862 (Carpiliidae, Carpilioidea).

Notwithstanding, most specific diagnostic characters are 
absent in the Averøy specimen, which complicates identifica-
tion at species level. Nevertheless, it appears very close to two 

Palaeocarpilius species such as P. macrochelus (Desmarest 1822), 
well-known in the Late Eocene-Oligocene of northern Italy, 
Hungary and Romania, and P. aquitanicus A. Milne-Edwards, 
1862 from the Early Oligocene of northern Italy and south-
west France. However, differences among those two species 
are very subtle and concern only the number of tubercles of 
upper margin of chelae and the number or shape of anterolat-
eral lobes or teeth, which are not well preserved in the Averøy 
specimen (see Beschin and De Angeli 2006). Therefore, the 
Averøy fossil decapod is determined as Palaeocarpilius sp.

The genus Palaeocarpilius is known from Middle Eocene 
to Miocene strata and was an inhabitant, as many other fos-
sil and extinct members of the family Carpiliidae Ortmann 
1893, of warm and generally shallow waters often associ-
ated with carbonate reefs in the Tethys Realm. The records 
of different Palaeocarpilius species and other related genera 
formerly attributed to Palaeocarpilius (see Feldmann et al. 
2011) in south-west France (Milne-Edwards 1862), northern 
Italy (Beschin and De Angeli 2006, among others), Hungary 
(Lörenthey and Beurlen 1929), Romania (Schweitzer et al. 
2009), Libya (Collins and Morris 1973), Emirates (Ossó pers. 
obs.), Pemba Island of Tanzania (Stubblefield 1927), India 
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Figure 3. Erratic block with the fossil crab Palaeocarpilius found on Tjønnøya, Averøy (3.1) and close up frontal view of the crab (3.2). The size of the carapace is 10.5×7.0 cm.
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(Ralte et al. 2009, Vega et al. 2010, Rai et al. 2013) and Japan 
(Imaizumi 1939) show the clear Tethyian affinity of this genus. 
Furthermore, Palaeocarpilius also reached the south-east coast 
of North America and Gulf of Mexico (Rathbun 1935, Lewis 
and Ross 1965). The record of Palaeocarpilius in the Paleogene 
of the Norwegian Shelf represents the most septentrional 
record for the genus, which may have reached the Norwegian 
Sea from the Western Tethys trough the rising Paratethys. 
Connection between the North Sea and the Norwegian Sea 
and the western Tethys, existed during the Late Eocene-
Early Oligocene via the Danish-Polish trough and the Rhine 
Graben, which favored the migration of warm-water faunas 
(Rögl 1998).

Palynomorphs in the Averøy sandstone

Palynological analysis of a piece of the sample from Averøya 
also containing the crab fossil showed that the yellowish 
calcareous sandstone is almost barren of palynomorphs and 
any other particulate organic matter. The limited amount of 
palynodebris contained in the sample comprises dominantly 
small, black coaly fragments. Among the palynodebris, only 
a single specimen of the dinoflagellate cyst Achomosphaera sp. 
was recorded (Fig. 4.3). 

Figure 4. Palynomorphs recovered in erratic blocks found on Averøy calcareous sandstone (Picture 3) and Frei sandstone ( Pictures 1, 2, 4, 5 & 6): 1- cf. Phelodinium sp.,  
2- Spiniferites sp., 3- Achomosphaera sp., 4- Deflandrea speciosa, 5- Spore indet, 6- Stereisporites (Distgranisporis) granuloides.
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Fossil leaves in the Frei sandstone 

The grey-reddish sandstone found in Frei contains several fossil 
plant leaves from alder and beech (Fig. 2). This flora appears 
similar to floras described from the Early Tertiary in North 
Sea-North Atlantic provinces (Cleal et al. 2001, Golovneva 
2000, Uhl et al. 2007, Kvaček 2010, Kvaček and Manum 
1993). 

Palynomorphs in the Frei sandstone

Palynological analyzes of the sandstone yielded common pollen 
and spores, together with some marine palynomorphs (dino-
flagellate cysts) (Fig. 4).

The terrestrial palynoflora includes: Baculatisporites spp., 
Echinatisporites sp., Laevigatosporites ovatus, Laevigatosporites 
spp., Leiotriletes spp., Lycopodium annotinioides, 1 spp., 
Osmuda claytonites, Picea sp., Pinus spp., Rugulatisporites 
spp., Sciadopitypollenties serratus, Sphagnium steroides and 
Stereisporites granuliodes. Fungal remains are also present.

The assemblages of dinoflagellate cysts includes: Areo
sphaeridium cf. arcuatum, Cerodinium speciosum, Deflandrea 
spp., cf. Phelodinium sp., Spiniferites mirabilis, Spiniferites 
ramosus and Spiniferites spp. The presence of Cerodinium 
speciosum suggests a correlation to the Late Paleocene Zone 2 
of Heilmann-Clausen (1985) and the Cerodinium speciosum 
Interval Biozone (Csp Biozone) of Powell (1992). 

Possible origin of the erratics

Ice-rafted boulders and debris are found all along the 
Norwegian coast and on the shelf. On-land boulders and 
gravel eroded from the Precambrian and Caledonian base-
ment rocks are common within the cover of Upper Quaternary 
deposits. The strong glacial erosion by the large ice sheets has 
led to scarcity of old Quaternary deposits (Mangerud 2004, 
Olsen et al. 2013), and Neogene and Paleogene deposits have 
not been identified in Norway. Local basins with Mesozoic de-
posits are found in some fjords and near-shore areas (Bøe et al. 
2008, Bøe et al. 2010), but Tertiary sedimentary rocks appear 
to be missing in the near-shore basins.

There is no evidence of any pre-Quaternary deposits 
preserved in the fjord adjacent to the island Frei and Averøya, 
but seismic data suggest a basin with Mesozoic rocks in 
Edøyfjorden to the northeast (Bøe and Bjerkeli 1989, Bøe at 
al. 2010). Possibly, Upper Paleozoic, Mesozoic and/or Tertiary 
sediments are preserved within faults and fractures parallel to 
the Møre-Trøndelag Fault Complex in Frøyfjorden (Bøe et al. 
2005, Bøe et al. 2010). Pollen of Late Cretaceous or younger 

age has been found in reddish-brown breccia in the Frøya 
tunnel beneath Frøyfjorden (Bøe et al. 2005). Erratic boulders 
with Jurassic and Early Cretaceous fossils are found on the 
outer islands at Frohavet, but to our knowledge no Tertiary 
sedimentary rocks have been reported among these findings. 

Along the Møre-Trøndelag coast, the boundary between 
sedimentary and crystalline rocks is located 10-40 km west of 
the outer islands; the Mesozoic and Cenozoic strata have been 
cut by erosion. Due to basin-ward subsidence and extensive 
erosion of the inner part of the shelf, combined with uplift 
of the coastal areas and the mainland, the sedimentary rocks 
sub-crop more or less parallel to the coast and decrease in age 
westwards (Rokoengen et al. 1988, Ottesen et al. 2009). 

The bedrock offshore Møre comprises dominantly 
Mesozoic and Cenozoic sediments. There, the continental 
shelf is narrow compared to the Haltenbanken area further 
north. Offshore 25 km northwest of Kristiansund, between the 
Frøya High and the island of Smøla, there is a basement high, 
Gripetarane (Bøe & Skilbrei 1998). This topographic high is 
surrounded by Jurassic strata, which are covered by thicker 
Cretaceous deposits to the west. A further 35 km offshore to 

Figure 5. Overview color shaded-relief map of the Norwegian shelf from Skagerrak 
to the Møre Margin, showing the deepened Norwegian Channel. Based on present 
knowledge of ice-transported rocks found along the coast of Norway, it seems possible 
that the erratic blocks found on Nordmøre originates from relatively shallow water 
Lower Tertiary sediments in the Skagerrak area. (Map by Dag Ottesen).
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the northwest, Paleogene volcanic rocks pile up through the 
succession of Mesozoic and Tertiary sediments (Bugge et al. 
1980, Bøe & Skilbrei 1998). In the areas between Gripetarane 
and the outcropping volcanic Lower Tertiary sedimentary 
rocks appear to cover the underlying Mesozoic succession. 

Triassic, Jurassic and Cretaceous sediments are well-
documented in the eastern part of the Møre Basin, i.e. the 
Slørebotn Subbasin (Smelror et al. 1994, Jongepier et al. 
1996). Paleogene strata have been recovered in wells in the 
Slørebotn Sub-Basin and other localities along the southern 
portion of the Møre Basin margin (Vergara et al. 2001). Across 
much of the Halten Terrace and Frøya,  High Paleogene strata 
are absent.

Offshore Møre, the shelf comprises WNW-ESE-trending 
depressions separated by shallow banks. The troughs pre-
sented drainage routes for ice streams during several glacia-
tions (Ottesen et al. 2001, 2005, 2009). Outside the island of 
Smøla, the ice drainage was directed towards the northern part 
of the Storegga slide area in the south-west. The bathymetric 
data reveals another ice stream south of Gripetarene directed 
towards northwest and merging the ice stream off Smøla 
(Ottesen et al. 2001). 

It cannot be precluded that erratic blocks found on Frei 
and Averøya originate from nearby Late Paleocene – Oligocene 
strata, even though no such rocks appear to be present in these 
areas today. Alternatively, the erratic blocks may have been 
transported by drifting sea-ice for longer distances along the 
Norwegian Coast (Fig. 5). Debris is usually concentrated in a 
1 - 3 m layer at the base of a glacier. When such layers are pre-
served in calved icebergs, the layers with eroded material most 
often melts within a few tens to hundreds of kilometers of the 
ice-margin where they generated (Andrews 2000). However, 
findings of ice-rafted chert and rhomb porphyry originating 
from the Oslo region and the Skagerrak area along the 
Norwegian coast up to Steigen and Andøya have been known 
for more than a hundred years (e.g. Vogt 1900, Rekstad 1926). 
These ice-transported erratic are all found below the upper 
marine limits. Rekstad (1925) reports erratic from the island 
of Træna and mention further that blocks of chert are caught 
in the fishermen's gear at the sea-bed off Nordland (Sklinna, 
Myken) down to around 200 fathoms (i.e. approximately 110 
m). 

Rekstad (1926) and Reite (1968) refer to records of 
ice-rafted rhomb porphyry at Møre, including records at 
Gjermundnes (Vestnes), at Romsdalsfjorden inside of Molde, 
and at the outer part of Storfjorden. Kaldhol (1912, 1946) 
reports recoveries of more than one thousand exotic erratic 
rocks only at Gjermundnes, predominantly chert, but also 
rhomb porphyry and larvikite. Rekstad (1926) mentioned that 
together with the ice-rafted rhomb porphyry, also other rocks 
are most likely to come from the Oslo Region, such as nord-
markite and erratic blocks with Silurian fossils. 

During the Quaternary glaciations, the largest ice stream 

followed the Norwegian Trench along the southern and west-
ern coast of Norway, and ended where the ice calved in the 
Norwegian Sea west of Måløyplatået (King et al. 1996, Ottesen 
et al. 2001). The first idea of a major glacier in the Skagerrak 
area flowing along the Norwegian coast was introduced over 
one-hundred and thirty years ago by Helland (1885). Several 
later studies have provided supporting evidence for this 
major ice stream starting in Skagerrak between Denmark and 
Norway and ending outside western Norway at 62°N (Longva 
and Thorsnes 1997, Rise and Rokoengen 1984, Larsen et al. 
2000, Sejrup et al. 2000, 2003, Ottesen et al. 2001, 2009, 
Hjelstuen et al. 2005, 2012) (Fig. 5). 

The ice stream in the Norwegian Channel drained much 
of the southern part of the Scandinavian Ice Sheet (Mangerud 
2004, Olsen et al. 2013). It ran parallel with the coast and was 
the longest on the Norwegian Shelf. The age of the Norwegian 
Channel is at least 1.1 million years (Sejrup et al. 1995). It 
has been excavated by ice streams during two major glacia-
tions during Saalian-Weichselian times (Larsen et al. 2000, 
Mangerud 2004). Based on current morphology, Hjelstuen 
et al. (2012) estimated that the volume of erosion from the 
Norwegian Channel has been 10 000 km³, while Hall et al. 
(2013) find that 42 000 km³ of rock must have been removed 
from the inner shelf of southern Norway. During the main ero-
sion phases, older glacial deposits would have been reworked 
and re-deposited. On Jæren, along with erratic originating 
from the Oslo Region, blocks of porphyry from Dalarna in 
central Sweden, as well as rapakivi and quartz-porphyry most 
likely coming from the southern part of Åland were also recov-
ered (Rekstad 1926). 

Paleogene sedimentary rocks are found on the shelf be-
tween Denmark and Norway, and it is possible that the erratic 
blocks found on Averøya and Fri are from this area. Rekstad 
(1926) suggested that the erratic from the Oslo Region found 
along the coast of Norway were transported north-eastwards 
by sea-ice along with the Norwegian current when the coast 
became ice-free during de-glaciations. Erratics with Paleogene 
and Mesozoic fossils commonly found in the Quaternary on-
land and offshore Jæren, and reworked Tertiary and Cretaceous 
palynomorphs are also recorded in Quaternary clay offshore 
Lista (Smelror pers. obs.). In the Skagerrak area, including 
the Norwegian Channel, Quaternary deposits truncates and 
rest with a regional unconformity on Mesozoic and Tertiary 
sediments.

In eastern North Sea Basin fine-grained, hemi-pelagic, 
deep-marine sediments were deposited during Late Paleocene 
to latest Eocene times (Heilmann-Clausen et al. 1985, 
Michelsen et al. 1998, Rasmussen et al. 2008). The eastern 
and northern limits of these clay deposits are unknown, due 
to later erosion (Japsen et al. 2007). During times of Late 
Cenozoic uplift of the Scandinavian mainland, the basin mar-
gins were exhumed and eroded. The amount of uplift increased 
towards the present-day coasts of Norway and Sweden, and 
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quantitative studies of exhumation indicate that up to 1 km of 
sediment may have been removed (Jensen and Schmidt 1992, 
Japsen et al. 2007). 

On a paleographic map presented by Japsen et al. (2007), 
the southern parts of Norway and Sweden are covered by 
Lower Eocene deposits. These interpretations are based on the 
recovery of deep marine faunas in Eocene sediments close to 
the Sorgenfrei-Tornquist Zone, with no signs of a near-shore 
fauna. The successive Late Oligocene palaeogeographic map of 
Japsen et al. (op. cit.) shows an uplifted Skagerrak area, with 
the coastline extending down to the present north-western 
coast of Jylland. 

The Early Paleocene and Eocene paleogeographic maps 
of Rasmussen et al. (2008) suggest land areas over southern 
Norway and Sweden and the present northern Skagerrak. 
Rasmussen et al. (2008) point out that the present limit of 
the Eocene deep water sediments towards the Fennoscandian 
Shield is erosional, caused by Neogene uplift and Quaternary 
glaciations, and consequently their interpretations of coastline 
positions are rather speculative. Japsen et al. (2007) argue 
that Eocene deep-sea faunas and the presence of reworked 
dinoflagellate cysts and clasts of Eocene muds inter-bedded 
in the Miocene deltaic sediments in Denmark clearly indicate 
the presence of marine Eocene deposits in the Scandinavian 
hinterland. 

The presently studied erratic blocks from Averøy and Frei 
were both deposited in an open marine environment, but 
the plant-fossils and abundant terrestrial palynomorphs in 
the block from Averøy suggest a relatively near-shore setting. 
Further, the fossil carpiliid crab (Palaeocarpilius sp.) in the 
erratic boulder from Averøy is typical of warm and shallow 
waters. Thus, it is possible that the erratic blocks found on 
Nordmøre both originate from relatively shallow water sedi-
ments deposited in the Northern Norwegian-Danish Basin 
(Skagerrak area) in Late Paleocene-Oligocene times.

Conclusions

Two erratic blocks found on Averøy and Frei in Nordmøre 
contain fossils of Late Paleocene-Oligocene age. A yellowish 
sandstone block found at the shore on Tjønnøya at Averøy 
contains a fossil crab Palaeocarpilius sp. previously known 
from the Eocene to Miocene of the Tethys, and presents the 
northernmost record of this genus. A brownish sandstone 
block found 60-65 m above present sea-level in Frei contains 
fossil plants leaves (alder and beech), and common terrestrial 
and rare marine palynomorphs. The recovered marine fossils 
point to a Late Paleocene age for this erratic sedimentary rock. 
The erratic blocks come from sediments deposited in marine, 
warm-water, near-shore environments. Based on present 

knowledge of ice-transported rocks found along the coast of 
Norway, it seems possible that the erratic blocks found on 
Nordmøre originate from relatively shallow water sediments 
deposited in the Northern Norwegian-Danish Basin (Skagerrak 
area) in Late Paleocene to Oligocene times. 
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