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In order to use the South Norwegian alpine pine subfossils as the basis for dendroclimatological
purposes, information about samples collected earlier is presented. The potential to construct a
complete Holocene tree-ring series in this area based on pine subfossils is good. The construction of
floating chronologies from the early Holocene period should be easier to achieve than chronologies
from later periods. The maximum level and the changes in the Holocene pine forest level are different
in the three zones defined in this paper. The gap 6400-6000 calendar yrs. BC represents a period of
decreased temperature. The gap 3100-1500 calendar yrs. BC represents a period well known for its
changing environment (probably climatic changes).

Lotte Selsing, Museumn of Archacology, Stavanger, Box 478, N-4001 Stavanger, Norway.

The need for high-resolution time-scales for
palaeoclimatological reconstruction has increased
the importance of tree-ring investigations. In
Norway, dendrochronological investigations are
carried out mostly using Scots pine (Pinus sylves-
tris L.) (Ording 1941, Slastad 1955, Eidem 1953,
1959, Brandt 1975, Thun 1987, Kirchhefer &
Vorren 1995, Kalela-Brundin 1996, in prep. a, in
prep. b), oak (Christensen & Havemann 1992) or
spruce (Ording 1941, Eidem 1953) (for a
Fennoscandian view, see Eronen et al. 1991). The
Scots pine samples are collected from living and
dead trees, old constructions and bog subfossils
(Thun 1984a, 1984b, 1987, Kirchhefer & Vorren
1995, Kalela-Brundin 1996, in prep. a, in prep. b,
pers. comm.).

At the moment, the longest chronology from
the South Norwegian mountain area extends
back to about calendar yr. AD 1200 (Kalela-
Brundin in prep. b), while the longest lowland
chronology extends back to calendar yr. AD 574
(Thun 1991). It is impossible to extend the time-
scale further back without using timbers from old
constructions and pine subfossils. Kalela-Brundin
(in prep. b) is, at the moment, upgrading these
time-scales for use in dendroclimatological inter-
pretation.

Pine subfossils from bogs and lakes in the
mountain area in South Norway were collected
for palaeoecological purposes (e.g. Moe 1977,
Selsing 1979, Aas & Faarlund 1988, Kvamme
1993), but no dendrochronological analyses have

been performed on this material. Hafsten (1981)
and Roaldset (1992) tried to make a tree-ring
dating of pine trunks from Dovre and Numedal,
respectively, but without success, because the
pine trunks predated the period represented by
Scandinavian pine dendrochronological curves.

Finds of pine subfossils above the present pine
forest limit were, in the 19th century, already
interpreted as the effect of past warmer climates
on vegetation (Grisebach 1844). Based on radio-
carbon-dated pine subfossils, they were inter-
preted in terms of changing Holocene climate
(e.g. Lundqvist 1969, Karlén 1976, Moe 1979,
Selsing 1979, Selsing & Wishman 1984, Birks
1990, Kvamme 1993, Dahl & Nesje 1996, Selsing
1996).

A pine tree can live for a long time at or near
the limit of its ecological requirements, and thus
can survive minor climatic changes. Therefore the
presence of pine subfossils is not an indicator of
small climatic fluctuations. When used in dendro-
climatological investigations, however, they are
excellent indicators of climatic fluctuations (e.g.
Briffa et al. 1990). Most of the dendrochronolog-
ical series of Scots pine from the mountain areas
of South Norway show good correlation with
each other (Thun 1987, Kalela-Brundin in prep.
a, in prep. b). Pine subfossils from this area may
thus represent a subfossil data set which can be
used for regional palaeoenvironmental interpreta-
tion.
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Fig. 1. Mountam areas in South Norway with radiocarbon-dated pine subfossils. Area numbers: see Table 1.

Information from earlier investigations on ra-
diocarbon-dated pine subfossils from the moun-
tainous area in South Norway was collected to
form a base for a future Holocene tree-ring
chronology and dendroclimatological investiga-
tions. Table | provides information about the
South Norwegian mountain areas included in this
investigation (see Fig. 1).

From the mountain region of South Norway, 92
'C dated subfossils of pine were collected mostly
from the area above the present alpine pine forest
limit. Pine subfossils can also be found in the
lowlands, but only a few of these have been
radiocarbon-dated (Selsing 1975, Roaldset 1992).

The investigations

The selection of area and localities for
investigations

The data set included in this study was collected
for various reasons (Table 2). Choice of sites for
collection of pine subfossil samples were based on
literature, personal reports and hypotheses about
where to find subfossils. Sometimes pine subfossils
were discovered during pollen analytical fieldwork
(e.g. Stmonsen 1980, Kvamme 1984, Gunnarsdot-
tir 1996a, 1996b).

During the first collection period (1976-1980) in
area 3, the samples were collected systematically in
order to locate the highest locality with pine
subfossils in bogs and lakes along a west-east line
across a mountain area above the present pine

forest limit. It was assumed that the uppermost
subfossils would be low in the west near the coast
and higher in the east, like the present forest limits
in this area. This was confirmed by the investiga-
tion (Selsing 1979, Selsing & Wishman 1978, 1984).

Moe (1977) made a survey of the geographical
distribution of stumps and trunks and their vertical
distribution in area 1. He collected pine subfossils
in selected mountain valleys in the low alpine
treeless area and the subalpine birch forest in the
eastern and the western parts of Hardangervidda.
His aim was to compare areas with different forest
limit levels.

The sites from area 2 are located far from
present forest and above the present forest limit
(Aas & Faarlund 1988, p. 26).

Recorded and collected data

The data are uneven and interpretation concerning
climate is difficult. Munaut (1986) recommends a
set of field observations in connection with den-
drochronological sampling. The collection by Sels-
ing & Wishman (1978, 1984; see also Selsing 1979,
this paper) follows the recommendations of Mu-
naut. From the other Norwegian investigations
only sporadic field observations are published.
Most of them were, however, made before Mu-
naut’s recommendations in 1986.

Moe (1977) surveyed pine remains by observing
bog surfaces and erosion scars. Selsing (1979) and
Selsing & Wishman (1978, 1984) used both these
methods in addition to a sounding stick and
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Table 1. The South Norwegian mountain areas included in this investigation.

Area no. Arca References

Hardangervidda Moe 1977, 1979
Central South Norway
Suldals-Setesdalsheiene

Nyset-Steggje

Dovre Hafsten 1981
Valdres Sandmo 1960
East Jotunheimen

e TN T -5 B T L O R T S

Breheimen-Stryn

Ulvik, Hardanger Simonsen 1980

R —

Aas & Faarlund 1988

Selsing 1979, Selsing 1996, Selsing in prep., Selsing & Wishman 1978, 1984
Kvamme et al. 1992

Rondane Lima-da-Faria 1977, Barth et al. 1980

Oppdal Hafsten, in Nydal et
Kvamme 1984, Nesje & Kvamme 1991

Gunnarsdottir 1996a, 1996b, pers. comm.
al. 1970

Lodalen Gunnarsdottir pers. comm., Gunnarsdottir & Heeg 1996

excavation, Aas & Faarlund (1988) searched for
pine remains in lakes, bog surfaces and erosion
scars in soligene peat bogs and made excavations.

Information about the radiocarbon-dated sam-
ples is given in Table 3 (area 3) and Table 4
(other areas). For more detailed information, see
the main references in Table 1.

The altitudes of the sites were determined using
a topographical map with 30 m contour lines
(Gradteig M711, scale 1:50000) (Selsing 1979,
this paper, Selsing & Wishman 1978, 1984). Aas
& Faarlund (1988, p. 26) included the use of a
Paulin aneroid barometer to get more precise
information on altitude.

Most sites are soligen or topogen/soligen bogs.
Stratigraphical information is available for area 3
{Selsing this paper), area 4 (Kvamme 1984, Nesje
& Kvamme 1991), area 8 (Gunnarsdattir 1996a,
1996b), area 10 (Kvamme et al. 1992), area 11
(Simonsen 1980) and for some of the samples
from areas 1 and 2 (Moe 1977, Aas & Faarlund
1988). Lake finds are sparse.

The level of the samples in the peat was found
by measuring from the base of the tree (origo) to
the minerogenic material below the peat (Selsing
this paper). Most of the pine sublossils from area
3 rest on peat, not directly on soil and minero-
genic material as do subfossils in blanket bogs in
Trendelag, Central Norway (Solem 1991). This
shows that peat accumulated at these localities
before the establishment of pine. The pine sub-
fossils are more abundant in the lower rather
than the upper part of the peat deposits (Aas &
Faarlund 1988, Selsing in prep.). Blytt (1876)
investigated pine subfossil localities both in the
mountains and in the lowlands, and mentioned
that it was rare to find charcoal at these localities
(see also Moe 1977, Selsing in prep.). He there-

fore excluded human activity as the reason for
the decline in the pine forest limit. These observa-
tions also suggest that the subfossils were not the
result of natural fire.

Samples collected include whole or partial
roots, trunks, stumps, cones or bark of trees.
More than half the samples are from trunks and
stumps, with trunks prevailing in the eastern
areas and stumps in the western areas. The outer
parts of the trees are preserved from less than
half of the dated samples of area 3 (Table 3). It is
unknown if the outer annual rings are preserved
on the dated samples from the other areas.

The diameter of the stumps (base of trunk) and
trunks is taken as an indication of the size of the
original tree, varying from 10-90 c¢m, but pre-
dominantly between 10-30 cm. As the outer
annual rings are often missing, the diameter indi-
cates minimum tree size and suggests sizeable
trees. Information about length of the trunks is
sometimes available (e.g. Hafsten 1981, Aas &
Faarlund 1988, Selsing in prep.). For area 3 the
number of annual rings, the number of dated
rings and the location of the dated part is
recorded for most samples (Table 3). Most of the
subfossil samples have 100—200 rings, an indica-
tion of the minimum age of the living trees. The
number of annual rings preserved is, however,
lower than that reported by Eronen et al. (1991)
who recorded 150-300 annual rings for many
subfossil pine trunks. The difference may be due
to better preservation and/or the more continen-
tal climate of the Northern Fennoscandian pine
subfossils. Missing annual rings in the stumps of
area 3 compared to trunks in Northern
Fennoscandia may also be a reason for the lower
number of annual rings in the material from area
3 than in Northern Fennoscandia.
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Table 2. Reasons for collection of pine subfossils.
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Reasons for collection References
S

Paleoclimatic reconstruction
Vegetation history
Reconstruction of forest limit fluctuations

Selsing & Wishman 1978, 1984
e.g Moe 1977, Kvamme et al. 1992, Gunnarsdottir 1996a, 1996b
e.g. Sandmo 1960, Moe 1979, Selsing 1979, Simonsen 1980, Hafsten

1981, Aas & Faarlund 1988

For long tree-ring chronologies
To determine the radiocarbon age of the subfossils
A combination of scientific aims and development

Se_lsing 1996 in prep., Kalela-Brundin in prep. a, in prep. b
Lima-da-Faria 1977, Barth et al, 1980
Selsing 1979, Kvamme 1984, Selsing & Wishman 1978, 1984,

plans, e.g. hydroelectric power or a National park Moe 1977

A National park

Moe 1977

The samples from area 3 are in the storehouse
at the Museum of Archaeology, Stavanger (to-
gether with non-dated samples), including the
sample of Roaldset (1992). The material from
area 1 is stored at the Botanical Institute, Univer-
sity of Bergen (Moe pers. comm.), while the
samples from area 8 are not stored.

Radiocarbon dates

The radiocarbon dates are reported in conven-
tional '*C years BP (before present, i.e. 1950, T.,
5570 + 30 years), with one standard devia.tio]n2
They are also shown in calendar years BC@'Ab
(calibration based on Stuiver & Reimer 1993’) as
the aim of this paper is to use the South Nor;fve-
gian subfossil data set as a basis for the
construction of a Holocene Scots pine tree-ring
chronology. Reporting of ages follows the recomt
mendations of Bartlein et al. (1995). Aas & Faar-
lund (1988) recorded MASCA-calibrated ages for
samples younger than about *C 6000 BP. The
radiocarbon dates were performed by the Radio-
logical Dating Laboratory in Trondheim, Nor-
way, with the exception of the dates from area 5
(Lima-da-Faria 1977, Barth et al. 1980) which
were carried out by the Radiocarbon Dating
Labpratory in Lund, Sweden (Hikansson 1980).
Living pine trees often reach an age of more
than 200 years. Tt is therefore important to know
the location of the radiocarbon samples within
the tree to correlate pine subfossil dates (Moe
1979). There are, however, no commonly ac-
cepted recommendations of where to collect sam-
ples for radiocarbon dating from the subfossils
The samples are usually taken either from thé
central part of the subfossil to get the ‘birth date’
of the tree, or from the outermost part to get the
‘date of death’ of the tree (Sandmo 1960, Hafsten
1981, Aas & Faarlund pers. comm., Gunnarsdot-

tir 1996a: T-8985, Moe pers. comm., Selsing

1979, this paper, Selsing & Wishman 1984). Both

methods have drawbacks, because both the cen-

tral and the outermost parts of the subfossils are
often degraded. Kvamme (1984) and Moe (1977
1979) dated bark from a stump which gives d
reliable ‘date of death’. Dates from the outer
annual rings of roots give a good ‘date of death’
as well, because the collected roots probably died
fn. the same time as the tree. Sometimes no
information is available regarding which part of
the subfossil was dated (Lima-da-Faria 1977
Barth et al. 1980, Selsing this paper, T—l9451
T-2031 and T-2408, Gunnarsdottir 1996a: T:
8986, Gunnarsdottir & Heeg in Gunnarsdottir
1996b: T-8758, Kvamme pers. comm.: T-4217
and T-4218). Dates from branches (Selsing this
paper, T-1945), twigs and cones (Kvamme et al.
1992) cannot be finely correlated with other pine
subfossil dates, because these parts could have
fallen to the ground at any time during the
lifespan of the tree. No correlations have been
made to take into consideration whether it was
the oldest or youngest part of the tree which was
used for dating, as information is not available
for most samples.

The samples collected for radiocarbon dating
were all in a good state of preservation. Datings
from area 3 were primarily carried out on several
.Of the youngest well-preserved annual rings, and
if possible, on a sample from a trunk, normall};
the trunk part of a stump (Selsing 1979, in prep.,
Selsing & Wishman 1978, 1984). Hafsten (1981)
too, recorded the number of annual rings datcd?

Discussion

T.he information available about the pine subfos-
sil data set shows that the potential exists for
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making an annual ring time-scale based on this
material. Because the samples were not collected
for the purpose of making annual ring analysis,
information essential for this kind of analysis does
not exist for some of the samples. For example, the
samples often include too few annual rings for
dendrochronological purposes. Therefore, the
data set is only suitable to a certain degree for this
kind of analysis.

The possibilities of using the data set Jfor
tree-ring analysis

Samples collected for dendrochronological pur-
poses ought to contain all complete annual rings
from the subfossil in question: a sample should be
a whole trunk transect, or should at least contain
two sections from the same transect of the trunk.
Only a few samples from the pine subfossil data
set fulfil these requirements. Collected trunks are
suitable for annual ring analysis if the number of
annual rings exceeds about 100.

The data set includes 25 trunks (Tables 3 and 4).
The 9 trunks from area 3 are suitable for annual
ring analysis (though the number of annual rings
is not registered for all samples as yet). Stumps are
suitable for dendrochronological analysis only
when part of the trunk is preserved. It is not
possible to use the stumps themselves for tree-ring
analysis, because they represent a section of the
tree with abnormal annual rings. The samples from
roots and branches are also unsuitable for tree-ring
analyses.

Well-preserved pine subfossils were collected
from topogen, soligen and ombrogen bogs. The
pine remains in the blanket bog of Vidmyr in
northern Setesdal (area 3; see Selsing in prep.) were
few and in poor condition. The preservation of
pine subfossils from blanket bogs in Trendelag,
Central Norway was, however, good (Solem 1991).
The reason for poor preservation in the blanket
bog of Vidmyr is probably that the peat deposits
were too thin (less than 40 c¢cm}). The Mosstel
middle peat bog situated on a river plain contained
well-preserved pine stumps.

The two youngest samples from area 3 collected
at Mosstel middle (Table 3), a bog formed on a
river plain, were presumed to be of late Holocene
age. The age was confirmed by two radiocarbon
dates (T-9902 and T-9905). The site is the only one

in this type of bog, and has not previously been
used for collecting pine subfossils, presumably
because of its young age. This type of bog may
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contain potential for providing young pine subfos-
sils.

Only five lake sites are recorded in this study, in
four of which trunks were found (area 2, Aas &
Faarlund 1988). There is a greater chance of finding
trunks in lakes than in peat bogs, as they would
have been more immediately preserved when sub-
merged under water than when they fell on a bog
surface. The success of the North Finnish Holocene
pine annual ring time-scale built up over the last
decade (e.g. Eronen et al. 1991, Lindholm et al.
1996, Eronen & Zetterberg 1996, Zetterberg et al.
1996) is, amongst other things, based on the
multisampling of trunks in a few selected lake sites.
More than a thousand subfossil trunks were col-
lected from small lakes and wet depressions at and
beyond the present arctic limit of pine. Some
relatively short floating pine chronologies from
southern and castern Finland and Russian Karelia
were constructed from subfossil bog pines (Zetter-
berg 1987, 1988).

More detailed stratigraphical investigations from
the pine subfossil sites would give a closer indication
of the age of the subfossils without radiocarbon
dating. Selsing (in prep.; Table 3) collected strati-
graphical information about the thickness of the
peat and the position of the pine subfossils within
the peat. Stratigraphical information is also avail-
able for subfossil sites where samples for pollen
analysis were collected (Moe 1977: T-1309 and
T-1310, Simonsen 1980, Gunnarsdottir 1996a: T-
8985 and T-8986).

Some authors (Hafsten 1981, Aas & Faarlund
1988) have suggested frost heaving during the
cooler climate of the last two millennia as the
explanation for why old pine remains can be found
close to the bog surface. This explanation Is,
however, not very likely, as frost heaving hasexisted
in the Norwegian mountain areas since deglacia-
tion, and should therefore have happened in peat
bogs in all periods since deglaciation. A more
plausible explanation is proposed by Moe (1977,
p. 14). He reported that erosion in area 1 removed
the younger layers, leaving older deposits exposed.
He mentioned that a peat layer with many stumps
(‘stump layer’) can stop erosion, or that a ‘stump
layer’ may sometimes be a mixture of stumps from
more than one ‘stump layer’. It may be noted that
the ‘stump layer’ may also be made up of stumps

from several periods.

Pine subfossils were used as fuel by people
living in the mountains at least from the Iron Age
(Moe 1977, p. 23, 1979) and especially during
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Table 4. Radiocarbon dates of 53 Pinus sylvestris subfossils from the meuntain area of South Norway (area 3, see Table 3). Area
numbers: see Table 1. Calibration Stuiver & Reimer (1993).

HC date
reference

Locality

Age T\
5570
yrs. BP

Age
BC/AD
cal,

Area
no.

Geographical
position/UTM
grid reference

Height
above
sed
level
(m}

Present
pine
forest
limit {m)

Info
Bog strat
type/lake available

Diameter
trunk
stump
(cm)

Dated
part
of tree

T-4455
T-6495
T-4218
?

T-1745
T-8986
T-4461
T-3650
Lu-1692
T-1655
T-4460
T-8524
T-2466
T-4454
T-6029
T-5468
T-8985
T-1437
T-3352
T-5466
T-1742
T-4457
T-6758
T-4973
T-5467
T-1438
T-5605
T-1744
T-3469
T-4970
T-790

T-1660
T-4217
T-662

T-1194
T-6030
T-1658
T-6496
T-1310
Lu-995
T-8758
T-6494
T-1654
T-1435
T-5604
T-5176
T-1656
T-1657
T-1309

T-1741

T-5470
T-3595

T-2465

Smddalen
Jonndalen
Riskallsvatn
Gravfjellet
Veigdalen
Smadalen
Grenlidalen
Nysetri
Haverdalen
Ustevann
Smaddalen
Midtvatn
Besstrondfj.
Storkvelven
Dagalifjellet
Liafjellet
Smadalen
Marvatn
Vesle Setaltj.
Skurdalsasen
Berastalen
Gokkerdalen
Smaddalen
Vuludalen
Ershovdtjern
Heinsater th.
Sygneskardvt.
No name
Kalhovd
Vallo
Instavatnet

Kvannabakkane
Riskalsvatn
Gjerdela
Hadlemyrane
Gjendebu
Sysendalen
Lesjaleira
Veringsfossen
Kisi, Mysuseter
Nysetri

Saleggi

No name
Sysenvatnet?
Syeneskardvt.
Torbuvatn
Sysendalen
Sysendalen
Veringsfossen

Sysendalen

Javnestalane
Diprtjern

Dyrtjern

8660 + 80

8640 + 100
8470 + 120
8400 + 200
8310 + 110
8255+ 120
8240 + 110
8240 + 100
8240 + 80

8180 4 110
8160 + 120
8110+ 110
8050 £ 100
8050 + 60

7940 + 90

7880 + 60

7825+ 115
7740 + 160
7720 + 100
7560 + 60

7160 + 130
7000 + 110
6960 + 110
6850 4 120
6760 + 60

6510 + 190
6510 + 90

6240 + 100
61204 110
6090 + 120
5980 + 90

5910 + 140
5670+ 100
5340 4 120
5240 + 140
5140 + 80
5040 + 90
4940 + 90
4900 + 130
4890 + 65
4830 + 95
4770 + 80
4760 4 90
4450 4 90
2990 + 80
2900 + 80
2890 + 100
2840 + 80
1930 + 120

740 4 90

600 + 70
470 + 60

300 + 60

78747545
7873-7538
75707425
7572-7099
T485-7099
74747044
7427-7043
74257045
7419-7048
7411-7033
7304-7008
72586816
7190-6726
T041-6785
TO08-6609
6991-6598
67636469
66956412
6603-6424
64266267
6119-5862
5959-5710
59475685
5782-5593
5668-5582
55835263
5520-5332
5270-5059
5217-4908
5210-4842
4946-4778

49384609
46704366
4334-3993
4237-3829
40303808
3958-3708
38913644
3891-3535
3750-3637
3700-3515
3645-3381
3644-3376
3336-2921
1376-1062
1251-934
1254-916
1116-901BC
41BC
-AD235
ADI1225
-1373
13001416
1415-1464

1511-1660

(-3 R T e - B T N T N R S S A =" SN S N Y

P —

1
2
1
5
]
2
1
1
0
2

e e e N N R N S R X R TV TUN S S S TG A I AT Y

(¥}

BB D RO — b RO 1O

b

[ S S N SRS R N R

32V796466
32V672875

LM987812
32V796466
32V948607
0940E6202N
MN2814
32V796466
32V946248
32ve31113
32Ve92922
32V840063
32V796466
MMS5172
3: 4210
32V636506
MMO0R933
32V732433
32V796400
32V562538
32V612554
MM417917
MN3709
32V49206000
32V503379

LM982800

MMO048959
32V724129
MMO052978
32V9486
MN037003
0940E6149N
32V751504
MN374083
MM121986
32V805229
MMO059987
MMO059987
MNO37003

MNO036001

32V007890
32V938622

32V028264

1220
1130

945
1060
1100
1220
1040
1010
1030
1100
1220

984
1170
1276
1159
1164
1220
1180
1004
1100

920
1222
1222
1070
1220
1100

690

990
1170
1200

150 m above

1220
910

950
540

forest limit

1100
945
750

1005
994
800
540
670

1000

1095

1200
985
890
690
900
760
760
G670

675

870
1200

1280

10307

900
1000

soligen ¢
topogen  —
bog —
lake

bog®

soligen
soligen

bog®

soligen

top./sol.
lake
soligen
bog®
lake
lake
bog®
soligen
soligen

soligen
bog®

bog
bog
soligen
soligen

5

present pine

bog®
bog
bog®
soligen
bog®

bog®
lake

soligen
bogf
bog®

lake
bog®
bog®
bog®

5
bog

(below till) —
topogen
unclear

lake

unclear

13

30

30
30

trunk?
trunk
trunk
trunk
trunk
trunk?
trunk
trunk
trunk
stump
cone”

trunk
fnnlz
trunk
trunk?
trunk?
trunk?
trunk
unclear?
trunk
unclear?

bark
trunk?
trunk?

trunk

slm}‘lp2
stump
stump
bark
stump
trunk
trunk?
bark
trunk?

stump

stump
unclear

5
unclear*

"The authlors rccordfed -polemial vertical difference, i.e. assumed height difference between present climatic pine forest limit and
the former pine forest limit caleulated from site and topography, and taking the land level rise into consideration (Aas & Faarlund
1988, p. 26).

2 Many observations of old pine remains.

?25 km in horizontal distance to nearest pine forest.

4 Information about stratigraphy available (Aas & Faarlund 1988, Gunnarsdottir 1996a, 1996b).
* Moe (pers. comm.).
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Fig. 2. A chronological view of 92 radiocarbon-dated samples of pine subfossils from South Norway. All dates are reported in C

years BP.

times of high population pressure in the lowlands.
Depression of the forest limit in the 18th and 19th
centuries by intensive summer farming in the
mountain areas caused deforestation and made
pine subfossils attractive as a source of fuel. This
was confirmed by Aas & Faarlund (1995), who
observed rising forest limits due to reduced popu-
lation pressure in many areas in Norway during
this period. It is reasonable to expect that the
younger stumps were usually used before the older
ones because of their higher stratigraphical posi-
tion in the peat. Therefore the younger pine
subfossils may not necessarily be found by collect-
ing samples from the upper part of the peat. This
may at least partly explain the over-representation
of pine subfossils in the lower rather than upper
part of the peat deposits.

Information provided by the radiocarbon
dates

In general, the pine subfossils from the higher sites
are the oldest samples in the data set (Tables 3 and
4). Most samples have been collected from above
the present pine forest limit, some of them from
above the present forest limit. On the other hand,
the 8 youngest dates from area 3 (Table 3) are from
sites below the present pine forest limit. Seventy-
two samples date between '*C 8700-4500 BP, and
only 20 are from the period 'C 4000 BP to the

present. The youngest pine subfossils are under-
represented in the data set.

Using the BP dates, the age distribution of the
radiocarbon-dated pine subfossils (Fig. 2) shows
grouped occurrences of radiocarbon-dated pine
subfossils from the periods *C 87007600 BP, *C
72004500 BP, *C 33002800 BP, '*C 20001800
BP and younger than '"*C 800 BP. The periods are
separated by gaps where pine subfossils are lack-
ing. Using calendar dates (Fig. 3), the age distribu-
tion shows grouped occurrences of pine subfossils
from the periods 7700-6400 calendar yrs. BC,
6000-3100 calendar yrs. BC, 1500-600 calendar
yrs. BC, 0—AD calendar yr. 300 and younger than
AD calendar yr. 1200. Comparison between Figs.
2 and 3 shows that no great differences in the
occurrences and gaps are obvious: only 64% of the
calendar time-scale is made up of occurrences,
compared to 61% of the '*C yr. BP time-scale (an
insignificant difference).

Taking one period at a time, some differences
become apparent. Table 5 shows the periods of
occurrences and gaps of pine subfossils of both
calibrated and non-calibrated dates. The calendar
time-scale is about 1000 years longer than the
radiocarbon year BP time-scale. These 1000 calen-
dar years are unevenly distributed among the
periods of occurrences and gaps, adding 900 calen-
dar years to the periods of occurrences and 100
calendar years to the periods of gaps. The 100
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Table 5. Periods with occurrences and gaps of pine megafossils of calibrated (calendar yrs. BC/AD) and non-calibrated ('*C yrs.
BP) dates.

Occurrences Calendar yrs.
and gaps HC yrs. BP 4C yr. BC/AD

Calendar yr. A B

Oc. 1 87007600 1100 77006400 1300 +200 +126
Gap 1 76007200 400 64006000 400 0 +46
Oc. 2 7200-4500 2700 6000-3100 2900 +200 +310
Gap 2 4500-3300 1200 3100-1500 1600 -+400 +138
Oc. 3 3300-2800 500 1500600 S00 +400 +58
Gap 3 2800-2000 800 600-0 BC 600 —200 +92
Oc. 4 2000-1800 200 AD 0-300 300 +100 +23
Gap 4 1800-800 1000 300-1200 900 —100 +115
Oc. 5 800-0 800 1200-2000 800 0 92
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Fig. 3. A chronological view of 92 radiocarbon-dated samples of pine subfossils from South Norway. All dates are reported in
calendar years BC/AD using the calibration of Stuiver & Reimer (1993).

calendar years additional to the gap periods are
distributed as follows: (1) 400 additional calendar
years to the gap of 3100-1500 calendar yrs. BC
compared to the gap of "C 4500-3300 BP, and
(2) a reduction of 200 and 100 calendar years
from the periods of 6000 calendar yrs. BC and
AD calendar yrs. 300-1200, respectively, com-
pared to the gaps of 2800-2000 and “C 1800-
800 BP. The calibration to calendar years reveals

that the true potential for making an annual ring
time-scale is better than the radiocarbon year BP
dates indicate.

Karlén’s interpretation of pine subfossils and
the amount of organic material in lacustrine sedi-
ments in Northern Sweden (1976) indicate de-
creased temperature in the period of 7500—7300
radiocarbon yrs. BP. The 50 record from the
GRIP ice core from the Greenland ice cap shows
a drop during the same period as the gap 7600
7200 radiocarbon yrs. BP (6400—6000 calendar
yrs. BC) (Dansgaard et al. 1993). These results
make it plausible that the gap of 6400—6000
calendar yrs. BC in the South Norwegian pine
subfossils was caused by climatic deterioration.

The gap of 3100-1500 calendar yrs. BC in-
creased by calibration compared to the gap indi-
cated by the radiocarbon yr. BP dates. This
increased gap reduces the potential for linking
future floating chronologies across this time pe-
riod. It is a period well known for its chang-

ing environment (probably climatic changes)
recorded both in Fennoscandia and in the British
Isles (e.g. Bennett 1984, Gear & Huntley 1991,
Zetterberg et al. 1996, Selsing 1996).

The gaps between 600—0 calendar yrs. BC and
calendar yrs. AD 300-1200 were reduced by
calibration compared to the gaps indicated by the
radiocarbon year BP dates. The potential for
linking future floating chronologies across these
gaps is better than indicated by the '*C yr. BP
dates. Eronen et al. (1996) recorded a gap in part
of the period 600-0 calendar yrs. BC in the
annual ring time-scale of Northern Fennoscandia
which has been problematic to bridge.

A strategy for further collection of pine
subfossils for annual ring studies in South
Norway

Good correlation between the dendrochronologi-
cal series of Scots pine from the mountain areas
of South Norway (Thun 1987, Kalela-Brundin in
prep. a, in prep. b) makes the South Norwegian
pine subfossil data set well suited to the construc-
tion of a Holocene annual ring time-scale. Con-
siderable pine remains are available at sites
mentioned in the tables, and at other sites where
pine subfossils have been observed (e.g. Aas &
Faarlund 1988, pers. comm., Selsing in prep.). It
is therefore possible to formulate a strategy re-
garding the location and collection of pine trunks

z 8700

9700 + 1000 1000

A: Difference between calendar yr. and '*C yr.

B: Difference between calendar yr. and "*C yr. calculated from an even distribution of the additional 1000 years from calibration

of the "*C yr. BP dates.

(stumps) for a Holocene dendrochronological
curve based on pine.

Fieldwork is time-consuming, because many of
the pine subfossils were found in less accessible
mountain areas without roads to the sites. It is
necessary to choose areas and sites with a high
potential for the discovery of many trunk (and
stump) subfossils. In Northern Fennoscandia,
more than 120 samples of pine subfossil trunks
were recovered from small lakes within a few
days (Eronen et al. 1991, Fig. 3). If future collec-
tion of new research material in the South Nor-
wegilan mountains suggests the same potential for
recovering pine subfossil trunks from lakes as in
Northern Fennoscandia, fieldwork will be easier,
Even if there are no indications of lake sites with
many old pine trunks at present in the mountains
of South Norway, it is assumed that this area
should have good potential.

The cited investigations (Table 1) concentrated
collection in areas above the present pine forest
limit, including areas in the alpine vegetation
zone. Little is known about the amount or the
age of pine subfossils below the present pine
forest limit (Selsing 1975, in prep., Roaldset
1992).

One aim is to find out where to collect pine
subfossils from a specific period. In general, the
pine forest limit in the South Norwegian moun-
tains and the Swedish part of the South Scandes
rose above the present level soon after deglacia-
tion, between '*C 9000—7000 BP, after which it
gradually retreated (Lundqvist 1969, Moe 1979,
Selsing 1979, Kullman 1990, Kvamme 1993, Sels-
ing 1996), perhaps with some fluctuations (Kar-

lén 1976, Dahl & Nesje 1996, Karlén &
Kuylenstierna 1996).

The recent alpine pine forest limit in South
Norway increases {rom west to east, except in the
easternmost parts of the mountain area (Aas &
Faarlund 1988, fig. 10), as did the pine forest
limit in earlier times (Moe 1977, Selsing & Wish-
man 1978, 1984). Therefore the collection of pine
subfossils of specific ages should be collected at
various levels in different areas in South Norway.

The data set is divided into three geographical
zones from west to east (Tables 3 and 4). Zone 1
represents the sites located west of the water
divide. Zone 3 is the casternmost area where the
present pine forest limit declines towards the east.
Zone 2 is located between zones 1 and 3, and
includes the main part of the South Norwegian
mountain area. For each of these zones, the main
fluctuation of the pine forest limit in earlier times
is reconstructed (Fig. 4).

Fig. 4 shows that the pine forest limit was
lowest in zone 1 and highest in zone 2, while the
level in zone 3 is on an intermediate level between
zones 1 and 2. This result is in accordance with
the expectations based on the present pine forest
limit. The fluctuations are different from one
zone to another. The maximum level of the pine
forest limit occurred for zone 1 at 790 m a.s.l. at
about 5900 calendar yrs. BC, for zone 2 at 1275
m about 6900 calendar yrs. BC and for zone 3 at
1070 m about 5700 calendar yrs. BC. A rise in
the pine forest limit was recorded for the period
from deglaciation until the maximum level was
attained. After culmination, the pine forest limit
declined in all zones. In zone 1, the decline was
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Fig. 4. Rccunstruclion of the Holocene pine forest limit fluctuations related to elevation. The area is divided into three
geographical zones from west to east. Zone 1 represents the sites located west of the water divide. Zone 3 1s the easternmost area
where the present pine forest limit declines towards the east. Zone 2 is located between zones 1 and 3.

slow and may have been decreasing over the last
2000 calendar yrs.; the total decline from culmi-
nation to the present time was 185 m. In zones 2
and 3, the declines were greater. In zone 2, the
decline from culmination at 6900 calendar yrs.
BC to 3500 calendar yrs. BC was 75 m, followed
by an acceleration from this time until 1000
calendar yrs. BC with a decline of 300 m (the
three youngest samples from zone 2 are dubious).
For zone 3, information is sparse. However, a
decline from culmination at 5700 calendar yrs.
BC to 3700 calendar yrs. BC of 70 m is recorded.

The search for pine subfossils for tree-ring
analysis should include the upper level of the
Holocene pine forest limits in the three zones.
Fig. 4 shows that the areas with the best potential
for providing material for a pine tree-ring curve
differ in the three zones. The limits up to which
pine subfossils may be found and collected in
each zone also differ. As the present data set has
not been collected systematically (except within
area 1) and is restricted to only 92 samples, it

presumably represents minimum levels of the
pine forest limit in earlier times. The possibility
of finding pine subfossils at higher levels exists.
(Pine forest limits recorded by pine subfossils are
presumably at minimum levels of the pine forest
limit in earlier times.)

As indicated in Fig. 4, close to the highest pine
forest limit in earlier times, the oldest pine sub-
fossils are most likely to be found. However, Fig.
4 shows that the oldest finds may also be col-
lected at lower levels, as indicated by subfossil
finds. For example, two of the three oldest sam-
ples from area 3, zone 1 (T-9900 and T-2558)
were located 120 and 160 m, respectively, below
the highest pine forest limit. The subfossils were
found far below the upper pine forest limit in
earlier times, as indicated in Fig. 4 and also by
subfossil finds in the lowlands (Selsing 1975,
Roaldset 1992).

Fig. 4 also gives more detailed information
about the age of subfossils compared to the range
of elevation for each zone:
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e Zone 1: Samples collected above 750 m a.s.1. are
older than 6900 calendar yrs. BC, while samples
collected above 700 m a.sl. are older than
calendar yr. AD 100. Samples collected at a
level of 600700 m have ages from 7300 calen-
dar yrs. BC to the present. It is therefore
impossible to indicate the age of a subfossil find
in this range of elevation without stratigraphi-
cal information, a radiocarbon date or den-
drochronological data. This is due to the fact
that only small fluctuations of the Holocene
pine forest limit are evident in this zone.
Zone 2: Samples collected above 1200 m are
older than 3500 calendar yrs. BC. Samples
collected below 975 m are younger than 6100
calendar yrs. BC. Samples below 900 m are
younger than 4300 calendar yrs. BC.

Recommendations for construction of a long
tree-ring chronology for South Norway

Pine subfossils from different Holocene periods are
common in the South Norwegian mountain peat
bogs, except in those arcas where they have been
removed by humans. The conversion to calendar
years reveals that the true potential for making an
annual ring time-scale is better than the radiocar-
bon BP dates suggest. The present data set is not
sufficient to start annual ring work without addi-
tional collection, but the potential for building up
a pine annual ring chronology is good. The con-
struction would probably entail the collection of
about 1500—2000 new samples, and perhaps a few
hundred radiocarbon dates would be needed to
build up a continuous pine chronology extending
back to shortly after deglaciation in the mountain
area, about 10000 calendar years ago. Future
collection should be made systematically. An an-
nual time-scale should preferably be built on lake
finds of trunks, judging from the experience of
Eronen et al. (1996) in Northern Fennoscandia.
However, the potential for making an annual ring
time-scale based on lake finds in South Norway is
unknown; recommendations may be built on pine
trunks (and stumps) older than calendar yrs. AD
1100-1400 from all types of sites. Presumably the
eastern mountain areas (especially in zone 2) have
better potential than the western mountain areas
for recovering a large amount of old pine trunks
(and stumps).

The possibility exists of finding pine subfossils
at higher levels than indicated by the data set.
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Collection of pine subfossils should be carried out
at different ranges of elevation in the three zones
defined above:

(1) The older pine subfossils may preferably be
collected close to upper pine forest limit of
earlier times.

(2) In the area between the upper Holocene pine
forest limit and the present pine forest limit,
pine subfossils of all ages may be found.

(3) The youngest pine subfossils may be found in
the area below the present pine forest limit.

Samples for floating chronologies from the early
Holocene period should be easier to obtain than
samples from later periods, and they may normally
be found in greater abundance in the lower rather
than the upper part of the peat deposits. The gap
of 3100-1500 calendar yrs. BC may suggest that
linking floating chronologies across this time pe-
riod in the future may be problematic.

Conclusions

1. The potential to extend the existing den-
drochronological curves in South Norway back
to shortly after deglaciation is good, but such
extension entails the collection of about 1500
2000 new samples. The construction of floating
chronologies from the early Holocene period
should be easier to obtain than chronologies
from later periods. Recommendations for collec-
tion are given.

2. The maximum level and the changes in the
Holocene pine forest level are different in the
three zones defined in this paper. However, as
with the present-day pine forest limit, the
Holocene pine forest levels were lowest in the
western zone, highest in the middle zone, and
intermediate in the eastern zone.

3. The gap 6400-6000 calendar yrs. BC repre-
sents a period of decreased temperature recorded
in Northern Sweden and indicated in the Green-
land ice cap as well. The gap 3100-1500 calendar
yrs. BC represents a period well known for its
changing environment (probably  climatic
changes), recorded in Fennoscandia and in the
British Isles.

4, Collecting samples for radiocarbon dating of
pine subfossils from a known number of the
outermost annual rings to get the ‘date of death’
of the tree is recommended.
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