
Stratigraphy and age of a Neoglacial sedimentary succession of proglacial
outwash and an alluvial fan in Langedalen, Veitastrond, western Norway

ATLE NESJE , DENISE C. R €UTHER AND JACOB C. YDE

Nesje, A., R€uther, D. C. & Yde, J. C.: Stratigraphy and age of a Neoglacial sedimentary succession of proglacial
outwash and an alluvial fan inLangedalen,Veitastrond,westernNorway.Boreas. https://doi.org/10.1111/bor.12608.
ISSN 0300-9483.

This study presents the sedimentary succession of an outwash plain and an alluvial fan located along the valley
Langedalen at the south-eastern side of the Jostedalsbreen ice cap in inner Sogn, western Norway. A newly exposed
~2.8-m-high section along the southern riverbank of Langedøla river shows alternating layers of minerogenic
sediments andpeat layerswith tree logs, identifiedasSalix sp.The section is situated in thedistal part of analluvial fan
built out from the southern slope of Langedalen. Six AMS radiocarbon dates of tree fragments indicate that the
accumulation of the fine-grained sediments in the lower part of the section was initiated earlier than the basal
radiocarbon date of 914–976 calibrated years CE (1r age range). These basal, fine-grained sediments are interpreted
as proglacial outwash deposited in a floodplain depression or abandoned river channel in a low-energy glaciofluvial
environment. Periods of low glacier cover, low river discharge or low-water stands over the floodplain allowed peat
formation and the growth of trees and shrubs in the valley. The radiocarbon dates further indicate relatively rapid
sedimentaccretion (~2.7–3 cm a�1)between190and125 cmbelowthesedimentsurface, equivalent toapproximately
1220 to 1250 cal. aCE (1r age range). At ~60 cmdepth below the surface, dated to approximately 1590 to 1620 cal. a
CE (1r age range), a transition to more coarse-grained, sandy and gravelly sediments indicates increased sediment
supply anddistal expansionof the alluvial fan.This occurredmost likely as a consequence of increased sediment yield
from expanding glaciers along the southernvalley side of Langedalen as a response to the initial Little IceAge glacier
growth.Basedon these results, the accretionandprogradationofglacier-fedalluvial fansmainlyoccurduringperiods
of glacier advance rather than during glacier recession.
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Alluvial fans are common depositional landforms in
many proglacial environments (e.g. Glasser et al. 2005;
Hornung et al. 2010; Cable et al. 2018; Strzelecki
et al. 2018). Alluvial fans record the relative importance
of fluvial and colluvial processes, which can be related to
changes in climate and sediment supply (Dorn 1994).
However, proglacial alluvial fans are complex dynamic
landforms, and their architecture may depend on glacier
fluctuations, glacial erosion and paraglacial activity
(McEwen et al. 2020). The construction of chronologies
hasbeenapplied to relate the timingofproglacial alluvial
fan development to sediment transport processes and
sedimentary records in many mountainous regions such
as Sierra Nevada, California (Benn et al. 2006; Owen
et al. 2014), the Andes (Terrizzano et al. 2017), the
European Alps (Sanders & Ostermann 2011), the
Tibetan Plateau (An et al. 2021) and the Himalayas
(Barnard et al. 2006; Ganju et al. 2018). A particular
interestingquestion iswhether theaccretionof sediments
and progradation of alluvial fans are associated with
glacier build-up and advance or related to phases of
glacier retreat. In a Neoglacial context, this may be
translated to whether the growth of proglacial alluvial
fans occurs primarily as a response to pre- or post-Little
Ice Age processes. To elucidate these changes in erosion
and sedimentation regimes, it is important to establish a
chronological framework using absolute or relative age

datingmethods (Bowman 2019). It may also be relevant
to couple evolution of alluvial fans to adjacent sedimen-
tary archives such as moraines and proglacial outwash
deposits (McEwen et al. 2011; Kociuba 2021).

The Holocene glacier chronology from the Jostedals-
breen ice cap region demonstrates that the Little Ice Age
was themostprominentNeoglacial event, culminating in
the mid-18th century (Nesje et al. 1991, 2000, 2001,
2008a, b; Nesje & Kvamme 1991; Nesje & Dahl 1993;
Nesje 1994, 2009; Vasskog et al. 2012). The glacier
forelands surrounding Jostedalsbreen are characterised
by marginal moraines, tills, alluvial fans and glacioflu-
vial plains (e.g. Winkler 2020). The Little Ice Age
moraines are clear evidence of the maximum glacier
positions and subsequent advance/still-stand phases
during the general retreat following the Little Ice Age
maxima (Grove & Battagel 1983; Grove 1988, 2001,
2004; Bickerton & Matthews 1993; Matthews &
Briffa 2005; Imhof et al. 2011; Carrivick et al. 2022).
During thisperiod, therewasalso increasedcolluvial and
fluvial activity. In particular between the mid-17th and
18th centuries, there were increasing numbers of debris-
flows, rockfalls and avalanches in the Jostedalsbreen
region (Grove 1972),most likelyassociatedwith extreme
weather (rainfall) events (Blikra & Nesje 1997; Mat-
thews et al. 1997a, b, 1999, 2020; Blikra &Nemec 1998;
Blikra & Selvik 1998).
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Matthews et al. (2020) investigated the evolution of
sub-alpine alluvial fans in the Austerdalen/Tungestølen
area, southeast of Jostedalsbreen. Schmidt-hammer
exposure ages obtained on boulders on the surfaces of
the fans range from 9480�765 to 1955�810 years ago.
After thedeglaciationapproximately9700 years ago, the
highest number of boulder deposits, peak debris-flood
activity and maximum fan aggradation took place
around 9000–8000 years ago. This was most likely a
result of paraglacial processes owing to rock-slope
adjustment and unstable till and colluvial deposits along
the steep valley sides. From around 8000 years ago, the
alluvial fans aggraded less because the sediment sources
probably diminished. In addition, precipitation
decreased during the Holocene Thermal Maximum,
and the tree cover increased as the tree line advanced
vertically. After around 4000 years ago the fan surfaces
became more stable, but towards the mid-18th century
Little Ice Age maximum, the climatic deterioration (i.e.
increased precipitation and lower air temperatures)
caused glacier advance, accompanied by more active
processes on the fans.

This studydescribes thedevelopmentandsedimentary
succession of an alluvial fan built out from the southern
valley side in Langedalen north of the village of Veita-
strond in inner Sogn, western Norway. We present
sedimentological and age results from a newly exposed
section along the southern riverbank of the Langedøla
river, showing alternating layers of minerogenic sedi-

ments and peat layers with tree fragments. These results
are complementedwith data from previous studies from
the same area by Lewis & Birnie (2001), McEwen
et al. (2011) and Øygard (2013). This evidence forms
the basis for describing the Neoglacial, including the
Little IceAge,depositionof theproglacialoutwash in the
valley bottom and the development of the alluvial fan
built out along the southern valley side of Langedalen.

Study site

The study section (61°13038.200N, 07°04057.800E,
271 m a.s.l.) is located in the distal part of an alluvial
fan in Langedalen, a valley southeast of Jostedalsbreen
that coalesces with Austerdalen at Tungestølen (Fig. 1).
The Langedøla river flows from Langedalsbreen, an
outlet glacier from the Jostedalsbreen ice cap in the west
(Fig. 2A). Lateral, southward migration in the outer
riverbank has caused erosion and undercutting, expos-
ing a section that contains distal sediments from an
alluvial fan that has been built out from a tributary
glacier meltwater stream from Opptaksbreen, an outlet
glacier from a small ice cap (Fig. 2B). Figure 2C shows
an old picture of the riverbank at the study section
location. The year of the picture is unknown, but it is
likely from the late 19th or early 20th century.

The alluvial fan covers an areaof 93 630 m2.The apex
is located at an elevation of 356 m a.s.l. and the most
distal part, truncated by the Langedøla river, lies at

A

C

B

Fig. 1. A, B. Location maps of Jostedalsbreen Ice Cap. C. Langedalen and the studied section at the river side of Langedøla river. Map source:
norgeskart.no.
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264 m a.s.l. The transverse profile across the alluvial fan
shows a convex surface (transect a–a0 in Fig. 3). The
alluvial fan, which is slightly concave along its longitu-
dinal profile (transect b–b0 in Fig. 3), is 440-m long,
giving an average surface gradient of 20.9%. The alluvial
fan has been formed by sediments transported by the
river down the tributarygorgeon the southern side of the
main valley. Southeast of the alluvial fan, there are two
water-filled depressions (Ponds ‘A’ and ‘B’ in Fig. 2B),
interpreted to be impact craters formed by snow
avalanches from the southern valley side (for details
about formation of snow avalanche impact craters in

Norway, see Matthews et al. (2017) and references
therein). Depression ‘A’ measures 80 9 60 m, whereas
depression ‘B’ measures 146 9 50 m. Linear surface
features upslope from the depressions (towards the SW)
and isolated ‘fresh’boulderson the surfaceof thealluvial
fan and in the gentle valley bottom indicate active snow
avalanche processes in the area.

Thestudysite is locatedbeyondtheouterLittle IceAge
moraine of Langedalsbreen, whichØygard (2013) dated
lichenometrically to 1769 CE (Fig. 2B). The basal sed-
iments, below the alluvial fan sequence, at the study site
are therefore most likely related to proglacial outwash

C

B

A

Study section

Little Ice Age maximum 
position of Langedalsbreen

B

TungestølenNystølen

Study section

Austerdalen

Langedalen

Austerdals-
breen

Langedalsbreen

Opptaks-

breen

A

Alluvial fan

Fig. 2. A. Overview of Langedalen and adjacent locations (source: norgeibilder.no). B. Oblique image of the location of the study section, the
alluvial fan and the Little Ice Age maximum position of Langedalsbreen. Ponds ‘A’ and ‘B’ are interpreted to be snow avalanche impact craters
(source: norgeibilder.no). C. An old photograph of the study section at the bankof Langedøla river (NGU photo archive).
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associated with Holocene, and in particular Neoglacial
(including the Little Ice Age) advance and retreat phases
of Langedalsbreen. Marginal moraines show that
Langedalsbreen was significantly larger (27.2 km2) dur-
ing the Little Ice Age than at present (20.9 km2;
Carrivick et al. 2022). Also, the Little Ice Age glacier
front ofOpptaksbreen above the alluvial fanwas located
further downslope just above the apex, indicating a
reduction in area from 9.5 to 7.7 km2 at present
(Carrivick et al. 2022). As a result, the fan was directly
affected by variations in water discharge and sediment
yield. Carrivick et al. (2022) calculated the equilibrium
line altitude depression during the Little Ice Age at
Langedalsbreen to ~250 m, as compared with the
equilibrium line altitude in 2006.

Material and methods

After an initial surveyof the siteon6September2019, the
study section was described, photographed and logged
on 15 October 2020. The employed logging scheme
(Kr€uger&Kjær 1999)was supplementedby symbols for
peat and logs (Fig. 4). Tree fragments from six peat
horizons were extracted for AMS radiocarbon dating,
put in plastic bags and sealed. At the EarthLab sediment
laboratoryatDepartmentofEarthScience,Universityof
Bergen, the tree fragmentswere dried overnight at 90 °C.
Subsamples of the retrieved tree fragmentswere submit-
ted to the PoznanDating Laboratory for standardAMS
radiocarbon dating. The radiocarbon dates were cali-
bratedwith theCalib 8.20 calibration program, using the

IntCal20 Northern Hemisphere radiocarbon age cali-
bration curve (Reimer et al. 2020). The median proba-
bility calibrated ages, 1r age range (68.3%) and 2r age
range (95.4%), are presented. In the case of several
possible calibrated age options, the calibrated dateswith
the highest probability were used. However, for
Langedal-4 (Poz-130 765), the date with the lower
probability was chosen because the age is most likely
younger than the dated sample below (sample Langedal-
3, Poz-130 547).

Results

Stratigraphy

A near vertical, ~280-cm-deep section in an exposure
along the southern outer riverbank was excavated and
logged (Fig. 4A). The section extends at least another
~80 cm below thewater level in the Langedøla river. The
surface at the site consists of a grass- and moss-
dominated vegetation cover with mountain birch and
otherwillowshrubs.The sedimentary logof the section is
presented in Fig. 4B. Based on lithostratigraphic obser-
vations we divide the section into three units.

Unit A: Alluvial fan deposits with soil development. –
Between 44 and 2 cm there is a diamicton with gravelly
sand matrix and stones/cobbles with a diameter of up to
10 cm, whilst the upper 2 cm consist of topsoil. Roots
reach down to at least 20 cmbelow the surface. Based on
the occurrence of cobbles and the unsorted nature of
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Fig. 3. Hillshade map for the study areawith transverse (a–a0) and longitudinal (b–b0) profiles of the alluvial fan. Map source: hoydedata.no.
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this uppermost deposit, we interpret it to reflect a
progradation of the alluvial fan over the study site. Large
parts of this unit are also influenced by soil formation
processes.

UnitB:Riverchannel deposits. – Between141and44 cm
thesequenceconsistsof interbeddedsilt, sandandgravel.
In the lower part of this unit, from 141 to 113 cm, the
sequence is dominated by coarse sand and gravel. The
lowermost gravel bed from 141 to 128 cm has iron
oxidation sustained over the top 5 cm. Between 128 and
123 cm we found a thin layer of unsorted gravel with
wood fragments, which lenses out towards a laminated
silt layer to both sides of the section. This lenswas dated
based on a wood fragment identified as willow (Salix).
The upper part of this unit, from 113 to 44 cm, is more
fine-grained and consists of silt intercepted by sand and
gravel layers and lenses. Starting from 113 to 78 cm, silt
dominates, but is interbedded with thin layers of sand
and sand–gravel lenses with iron precipitation. Between
78 and 72 cm, there is an unsorted diamicton with a
matrixof sandygravel containingatreebranchwhichhas
been dated andwas identified aswillow (Salix). From 63

to 60 cm, the silt is organic rich containing wood
fragments and branches, and iron oxidation is found in
the layer immediately below. A wood fragment picked
from this level for dating is identified as aspen (Populus
sp). In theuppermostbed,between60and44 cm,wefind
inversely graded silt to fine sand.

Based on the layered nature and alternating layers of
silt sand, and gravel with subrounded to subangular
clasts, this unit is interpretated as river channel deposits.
Iron precipitation and oxidation indicate that the river
channel was at times abandoned and groundwater levels
may have varied. It seems that the energy level was
highest in the lowermost part of this unit from 141 to
113 cm when the main river transport was probably
located at the studied section. Later, the section had a
more distal position with respect to the main river
transport, or higher elevation owing to aggradation,
restricting the deposition of sand and gravels to flood
events throughout the upper part of this unit from 113 to
44 cm.

Unit C: Floodplain deposits. – The basal sequence con-
tains organic, fine-grained sediments of silt and clay
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Fig. 4. Photograph (A) and sedimentary log (B) of the vertical section at the bankof the Langedøla river.
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inter-bedded with peat horizons. The peat resembles
grass-bound topsoil which was drowned by silty flood
deposits. Several of these peat layers have abundant logs
and branches up to 10 cm in diameter deposited in their
upperpart.Wedated twigs and roots ofwillow (Salix) on
three levels throughout this unit: 275–268, 195–185 and
165–155 cm.

This basal, fine-grained sediment sequence is inter-
preted as proglacial outwash deposited in a floodplain
depression (pond), an abandoned river channel or on an
inner river point bar in a low-energy glaciofluvial
environment. Variations in water level in Langedøla

river and periods of lowwater stands over the floodplain
allowed peat formation and growth of trees and shrubs.

Radiocarbon dates

New radiocarbon dates. – Samples for radiocarbon dat-
ing from the sectionwere collected at six levels (Langedal-
1 to -6; Fig. 5; Table 1). The calibration curves of the
individual dates are shown in Fig. 6. The age–depth
relationship of the radiocarbon dates is shown in Fig. 7,
and the mean accumulation rates between the radiocar-
bon dated levels are displayed in Fig. 8.

Langedal-6
Langedal-5

Langedal-4

Langedal-3
Langedal-2

Langedal-1

Fig. 5. Photographs of the radiocarbon-datedwood samples.

Table 1. Radiocarbonages from the study site inLangedalen.The radiocarbondates havebeen calibratedwith theCalib 8.20 calibrationprogram
using the IntCal20NorthernHemisphereradiocarbonagecalibrationcurve (Reimeret al. 2020). 1rage range = 68.3%and2rage range = 95.4%.
Calibrated ages with highest probability are underlined. BP = Before present (=1950 CE); BCE/CE = Before Common Era/Common Era;
RAUPD = relative area under probability distribution.

Sample no. Depth below
surface (cm)

Laboratory
reference

14C age
BP (�1r)

Cal. age (a CE)
(median
probability)

Cal. age (a CE)
(1r age range)

RAUPD Cal. age
(a CE) (2r age
range)

RAUPD Tree
species

Langedal-4 60–63 Poz-130 765 370�30 1518 1459–1515
1590–1620

0.655
0.345

1451–1527
1552–1633

0.547
0.453

Salix/
Populus

Langedal-3 72–78 Poz-130 547 315�30 1561 1519–1590
1020–1639

0.793
0.207

1489–1646 1.000 Salix

Langedal-2 123–128 Poz-130 764 785�30 1247 1228–1247
1253–1271

0.506
0.494

1219–1278 1.000 Salix

Langedal-1 155–165 Poz-130 546 820�30 1233 1218–1263 1.000 1175–1196
1198–1273

0.108
0.892

Salix

Langedal-5 185–195 Poz-130 548 830�30 1223 1181–1187
1212–1262

0.083
0.917

1167–1267 1.000 Salix

Langedal-6 268–275 Poz-130 549 1140�30 922 776–780
883–902
914–976

0.029
0.225
0.746

775–787
828–859
871–992

0.056
0.087
0.857

Salix

6 Atle Nesje et al. BOREAS
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The radiocarbon dates of the tree fragments imbed-
ded in peat horizons representing former river bar or
floodplain surfaces indicate that the accumulation of
the fine-grained sediments in the lower part of the
section (275–268 cm below the surface) started prior to
the basal radiocarbon date of 914 to 976 cal. a CE (1r
age range). The radiocarbon dates further show rapid
accumulation of minerogenic sediments (on average on
the order of 2.7–3 cm a�1) between approximately 1220
and 1250 cal. a CE (190–125 cm below the sediment
surface). This is significantly higher than the base
sediment accumulation rate throughout the profile of
approximately 0.25 cm a�1 and probably an effect of
the thickness of the woody layers (Fig. 8). At a depth of
about 60 cm below the surface, a transition to more
coarse-grained sandy and gravelly sediments indicates
increased sediment supply and distal expansion of the
alluvial fan from about 1590 to 1620 cal. a CE (1r age
range). This is most likely a result of increased sediment
delivery from the growing glaciers along the southern
valley side in Langedalen as a response to the climate
deterioration during the Neoglacial (Little Ice Age).
This suggests that this accretion phase of the alluvial
fan most likely occurred simultaneously with the initial
expansion of Opptaksbreen and Langedalsbreen before
their Little Ice Age maxima during the mid-18th
century.

Previous radiocarbon dates from Langedalen. – Our
results from the newly exposed site can be combined
with previous observations in Langedalen by Lewis &
Birnie (2001) andØygard (2013). Lewis&Birnie (2001)
radiocarbon dated four samples with the conventional
dating technique from a section in the same area as the
present study along the Langedøla river. The oldest date
indicates that the deposition of fine-grained facies
beneath the more coarse-grained, alluvial fan deposits
started before 1278–1422 CE (2r age range). We re-
calibrated the dates presented by Lewis & Birnie (2001:
table2, p. 187), using1and2rage ranges (Table 2).From
the re-calibrated ages, the deposition of fine-grained
facies beneath the more coarse-grained, alluvial fan
deposits started before 1351 to 1395 cal. a CE (1r age
range) or 1275 to 1411 cal. a CE (2r age range). The
formation of the distal alluvial fan deposits may have
occurred after 1735 cal. a CE.

Along the escarpment on the southern side of the
Langedøla river close to the studied section,
Øygard (2013) obtained three AMS radiocarbon dates
on organic material imbedded in the minerogenic mate-
rial at three different depths: ‘Langedalen-1’ was sam-
pled at a site ~10 m away from ‘Langedalen-2’ and
‘Langedalen-3’ (Table 2). The dates indicate that the
three organic horizons with wood remains formed
around 1100, 1220, and 1510 cal. a CE. However, as
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Fig. 6. Calibration curves of the individual radiocarbon samples obtained from the radiocarbon calibration program Calib 8.20 (Reimer
et al. 2020).
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the uppermost date at 125 cm below the surface is the
oldest, Øygard (2013) suggested that the dated wood
fragment has been subjected to re-deposition. This
discrepancy may, however, also be related to differences
between the sampling sites.

Discussion

The mostly fine-grained sediments intercalated with
peat and wood remains in the lower part of the section
indicate the deposition of proglacial outwash along
the valley bottom in a low-energy floodplain depres-
sion or point bar, as also suggested by Lewis &
Birnie (2001). If the Langedøla river had a more
southern position upstream of the study site at the
time of deposition, the alluvial fan could have acted as
an obstacle forcing the river towards the north and
forming an inner point bar at the study site where tree
fragments could accumulate. This hypothesis is sup-
ported by observations of present-day deposition of
tree logs on a point bar on the northern side of the
river opposite our study site. Alternatively, the tree
fragments may have been deposited in a pond or
abandoned river channel on the floodplain during
flood events or because of glacier advance into a forest
(Worsley 2020).

The expansion and accretion of the alluvial fan were
represented by deposition of gravelly and sandy facies
(the upper ~60 cm) and were most likely a result of
increasing sediment supply/yield and glaciofluvial trans-
port as a result of the advancing glacier located on the
mountain plateau along the southern valley side of
Langedalen during the LateHolocene (Neoglacial). The
uppermost Langedalen-4 radiocarbon date of 1590 to
1620 cal. a CE (1r age range) at 60 cm indicates that the
expansion of the alluvial fan probably happened after
this age. Thus, the expansion and growth of the alluvial
fan coincide with the Neoglacial (Little Ice Age) glacier
and climate records established fromdifferent proxy and
historical data (Grove 1988; Nesje et al. 1991, 2001;
Bickerton & Matthews 1993; Nesje & Dahl 2003;
Nesje 2009), indicating increased winter precipitation
and ~1 °C lower summer temperatures compared with
the1961–90normal.This suggests that theactivityon the
alluvial fan increased during the Little Ice Age glacier
expansion.

A comparison of the new radiocarbon dates obtained
in Langedalen with radiocarbon dates obtained on tree
remains from two former studies (Lewis & Birnie 2001;
Øygard 2013) in the same area along the southern side of
the Langedøla river does not show a consistent pattern.
Lewis & Birnie (2001) found younger tree remains of
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Fig. 7. Age–depth relationship of the study site (see Tables 1 and 2).
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1725 to 1811 cal. a CE (1r age range) than were found in
our sectionor in the samples byØygard (2013).A reason
for this deviation may be that the sampleswere collected
at different locations along the riverbank, and the
influence of the alluvial fan may differ between these
locations.

Deposits from the pre-Little Ice Age period have
previously been reported from other valleys around the
Jostedalsbreen ice cap.Nesje&Rye (1993) radiocarbon-
dated tree logs embedded alongavertical section indistal
glaciofluvial material at Sandsvora in Sunndalen on the
northwestern side of the Jostedalsbreen ice cap. The
organic horizons were interpreted to have formed when

Sandskardfonna, a cirque glacier above the site, was
significantly smaller than at present, or totally melted
down.Thebasal radiocarbon sample dates to~750 cal. a
CE, whereas the upper organic horizon dates to
~1350 cal. a CE, also indicating the initial Little Ice
Age expansion of Sandskardfonna. Also, Nesje &
Dahl (1991) obtained radiocarbon dates from eight peat
horizons embedded along a 1.3-m-deep section in a peat
deposit intercalated with distal, glaciofluvial sediments
atRambjørgebotnen inBefringsdalenonthewesternside
of the Jostedalsbreen ice cap. The peatwas interpreted to
have formed when small local glaciers in Steinbotnen
above the site were significantly smaller than at present,

Age (cal. a CE)

)
mc( ecafrus 

w oleb htpe
D

Poz-130546

Poz-130548

~0.3 cm a-1
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~0.2 cm a-1

~3.0 cm a-1

~0.3 cm a-1

Poz-130549

~2.7 cm a-1

Poz-130764

Poz-130547

~0.2 cm a-1

Fig. 8. Mean accumulation/sedimentation rates between the radiocarbon-dated levels (see Tables 1 and 2).

Table 2. Conventional andAMSradiocarbonages ofwood remains andpeat obtainedbyLewis&Birnie (2001) andØygard (2013), respectively.
The 14C ages are given in 1r range (68.3%) and 2r range (95.4%). The calibrated age ranges with the highest probability are selected. The
radiocarbondateshavebeen re-calibratedwith theprogramCalib8.20using the IntCal20NorthernHemisphere radiocarbonage calibrationcurve
(Reimer et al. 2020). CE = Common Era.

Sample no./
thickness

Laboratory
reference

Material 14C age
(a BP)

Age (cal. a CE)
(median probability)

Age
(cal. a CE, 1r)

Age
(cal. a CE, 2r)

Reference

B4.1 CAR-1470 Wood 640�60 1343 1351–1395 1275–1411 Lewis & Birnie (2001)
B1.2/(2–3 cm) CAR-1471 Peat 250�60 1658 1622–1682 1477–1695 Lewis & Birnie (2001)
B1.2/(3–4 cm) CAR-1472 Peat 190�60 1774 1725–1811 1637–1950 Lewis & Birnie (2001)
B1.2/(12–13 cm) CAR-1473 Peat 260�60 1642 1511–1591 1468–1694 Lewis & Birnie (2001)
B1.2 average 233�60 1735 1640–1672 1632–1689 Lewis & Birnie (2001)
Langedalen-1 Poz-3826 Wood 940�35 1102 1114–1156 1027–1177 Øygard (2013)
Langedalen-2 Poz-3827 Wood 380�35 1509 1454–1512 1445–1527 Øygard (2013)
Langedalen-3 Poz-3828 Wood 830�30 1223 1212–1262 1167–1267 Øygard (2013)
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or totally melted down. The basal radiocarbon sample
dates to ~1450 cal. a BCE, whereas the upper peat
horizon dates to ~620 cal. a CE (Nesje & Dahl 1991),
indicating that the initiation of the latest Neoglacial
(including the Little Ice Age) glacier expansion in
Befringsdalen occurred during the 7th century.
Torske (1993) carried out a palaeobotanical study in a
nearby section, which contained mainly peat with
macroscopic organic remains in the form of roots, wood
fragments and twigs. In addition, there were thin
horizons with minerogenic material, interpreted to
reflect alluvial (brownish colour) and glaciofluvial
(bluish-grey colour) activity along the stream from
Steinbotnen. The radiocarbon dates showed that the
sequence covered the time span from about 9600 to
2900 cal. a BP, with a modern soil on top. Altogether, a
general picture of glacier and alluvial fan expansion in
the centuries prior to the Little Ice Age is now revealed
from sedimentary records on both sides of the Jostedals-
breen ice cap.

During the Neoglaciation in western Norway, as in
many other glaciated regions, the climate showed a
cooling trend with several glacier fluctuations, culmi-
nating in the Little Ice Age event (Nesje &
Kvamme 1991; Nesje & Dahl 1993; Nesje et al. 2008a,
b). In the centuries prior to the Little Ice Age, the
amount of winter precipitation increased (Nesje
et al. 2001; Bakke et al. 2005; Gjerde et al. 2016),
resulting in a higher frequency of snow avalanches
(Vasskog et al. 2011; Aa et al. 2022). Also, Holocene
flood frequency records from non-glacial catchments
east of the Jostedalsbreen ice cap show peaks in extreme
flood events around 500–600 CE and 1800 CE (Støren
et al. 2012). The combined effect of glacier re-advance
over unconsolidated deposits in valley floors and
changes in the hydroclimatic regime probably increased
sediment accumulation rates in downstream outwash
pools and abandoned river channels. At the same time,
climate deterioration also caused glacier advance on the
mountain plateau above valleys and forest decline on
alluvial fans (McEwen et al. 2020), resulting in accretion
and progradation of the alluvial fans. This setting is not
unique to the Jostedalsbreen ice cap, and the recon-
struction of glacier and climate changes may be extrap-
olated to comparable glaciatedmountainous landscapes
in other parts of theworld,where fewer studies havebeen
conducted.

The question of whether accretion of sediments and
progradation of alluvial fans are associated with glacier
build-up and advance or related to phases of glacier
retreat requires reliable time control on when alluvial
fans advanced over the underlying deposits. A potential
uncertainty lies in the possibility of redeposition ofolder
wood remains in a younger sediment layer. We assume
that Langedalen was forestedwith willow (Salix sp.) and
aspen (Populus sp.) when Langedalsbreen started to
advance through the valley prior to the Little Ice Age.

The glacier may have overridden the forest in a way
similar to what Worsley (2020) observed at Engabreen.
Thus, the source for older wood remains can be from
subglacial material or erosion of proglacial sediments
containingwood fragments.As the glacier advanced and
the climate became colder, the proglacial area between
the glacier front and the study section was gradually
reduced in size andwas probablydominated bygrass and
shrubs. This may have reduced the likelihood of rede-
position of wood fragments towards the peak of the
Little Ice Age. Also, our sedimentological observations
of the upper part of Unit B indicate that the deposition
of sand and gravel was restricted to flood events and our
study site had a more distal position to the main river.
Based on our observations and assuming that the dating
of the tree logs is accurate, we conclude that the alluvial
fan expanded simultaneously with glacier advance
prior to the regional peak of the Little Ice Age (1740–
1750 CE). This is consistent with the recalibrated
datings from Øygard (2013) and sample B4.1 from
Lewis & Birnie (2001). The 1725 to 1811 cal. a CE
dating (sample B1.2) from Lewis & Birnie (2001) may
reflect that this location was located at the most distal
part of the alluvial fan so that the progradation of the fan
reached this site later during the peak of the Little Ice
Age.

Conclusions

• Six radiocarbon dates of tree logs (Salix sp. and
possibly Populus sp.) imbedded in peat horizons
representing former river bar or floodplain surfaces
in the valley Langedalen southeast of the Jostedals-
breen ice cap indicate that the accumulation of the
fine-grained sediments in the lower part of the section
(275–268 cm below the surface) started prior to the
basal radiocarbondateof 914 to 976 cal. aCE (1rage
range).

• At a depth of about 44 cm below the surface, a
transition to more coarse-grained sandy and gravelly
sediments indicates increased sediment supply and
distal, northward expansion of the alluvial fan from
about 1590 to 1620 cal. a CE (1r age range).

• This fan accretion most likely occurred because of
increased sediment delivery/yield from growing gla-
ciers along the southernvalley side inLangedalen as a
response to the climate deterioration during the
Neoglacial (including the Little Ice Age).

• Theaccretionphaseof thealluvial fanalsomost likely
occurred simultaneously with the initial expansion of
Langedalsbreen towards its mid-18th century Little
Ice Age maximum.

• The results from this study indicate that accretionand
progradation of proglacial alluvial fans mainly occur
during periods of glacier advance rather than during
glacier recession.

10 Atle Nesje et al. BOREAS

 15023885, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bor.12608 by U

niversitetsbiblioteket I, W
iley O

nline L
ibrary on [17/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Acknowledgements. – The authors acknowledge Research Council of
Norwaygrantno.302458to theJOSTICEproject (NaturalandSocietal
Consequences of Climate-forced Changes of Jostedalsbreen Ice cap).
The standard AMS radiocarbon dating at the Poznan Dating Labo-
ratory was performed under the guidance of Professor TomaszGoslar.
The tree fragments were identified by Lene Synnøve Halvorsen,
Department of Natural History, University Museum of Bergen. The
authors thank reviewers John Hiemstra and Stefan Winkler for
valuable and constructive comments.

Author contributions. – AN made the initial survey and outlined the
design of the study. DCR and JCY conducted the fieldwork. DCR
constructed the sedimentary log and put together Figs 1–5. AN
prepared the radiocarbon samples and created the age model and
prepared Figs 6–8. All authors (AN, DCR and JCY) interpreted the
data. ANand JCYwrote the text, whichwas edited and reviewed by all
authors (AN, DCRand JCY).

Dataavailability statement. – Thedata that support the findingsof this
study are available from the corresponding author upon request.

References

Aa,R.A., Bondevik, S. & Sønstegaard, E. 2022:Holocene debris flows
and snow avalanches in Anestølsdalen, western Norway – recorded
from lake deposits and colluvial fans.Norwegian Journal of Geology
102, 202207, https://doi.org/10.17850/njg102-2-3.

An, F., Qiuying, B., Li, S., Gao, D., Chen, T., Cong, L., Zhang, J. &
Cheng, X. 2021: Glacier-induced alluvial fan development on the
Northeast Tibetan Plateau since the Late Pleistocene. Frontiers in
Earth Science 9, 702340, https://doi.org/10.3389/feart.2021.702340.

Bakke, J., Nesje, A. & Dahl, S. O. 2005: Utilizing physical sediment
variability in glacier-fed lakes for continuous glacier reconstructions
during the Holocene, northern Folgefonna, western Norway. The
Holocene 15, 161–176.

Barnard, P. L., Owen, L. A. & Finkel, R. C. 2006: Quaternary fans and
terraces in the Khumbu Himal south of Mount Everest: their
characteristics, age and formation. Journal of the Geological Society,
London 163, 383–399.

Benn, D. I., Owen, L. A., Finkel, R. C. & Clemmens, S. 2006:
Pleistocene lake outburst floods and fan formation along the
eastern Sierra Nevada, California: implications for the interpre-
tation of intermontane lacustrine records. Quaternary Science
Reviews 25, 2729–2748.

Bickerton, R.W. &Matthews, J. A. 1993: ‘Little Ice Age’ variations of
outlet glaciers from the Jostedalsbreen ice-cap, southern Norway: a
regional lichenometric dating study of ice-marginal moraine
sequences and their climatic significance. Journal of Quaternary
Science 8, 45–66.

Blikra, L. H. & Nemec, W. 1998: Postglacial colluvium in western
Norway: depositional processes, facies and palaeoclimatic record.
Sedimentology 45, 909–959.

Blikra, L. H. &Nesje, A. 1997: Holocene avalanche activity in western
Norway: chronostratigraphy and palaeoclimatic implications. In
Matthews, J.A., Brunsden,D.,Frenzel, B.,Gl€aser, B.&Weiss,M.M.
(eds.):RapidMassMovement as a Source of Climatic Evidence for the
Holocene, 299–312. Pal€aoklimaforschung 19. Gustav Fischer Verlag,
Stuttgart.

Blikra, L. H. & Selvik, S. F. 1998: Climatic signals recorded in snow-
avalanche dominated colluvium in western Norway: depositional
facies successions and pollen records. The Holocene 8, 631–658.

Bowman, D. 2019: Dating of alluvial fans. In Bowman, D. (ed.):
PrinciplesofAlluvialFanMorphology, 115–122.Springer,Dordrecht.

Cable, S., Christiansen, H. H., Westergaard-Nielsen, A., Kroon, A. &
Elberling, B. 2018: Geomorphological and cryostratigraphical anal-
yses of the Zackenberg Valley, NE Greenland and significance of
Holocene alluvial fans. Geomorphology 303, 504–523.

Carrivick, J. L., Andreassen, L. M., Nesje, A. & Yde, J. C. 2022: A
reconstruction of Jostedalsbreen during the Little Ice Age and
geometric changes to outlet glaciers since then. Quaternary Science

Reviews 284, 107501, https://doi.org/10.1016/j.quascirev.2022.1075
01.

Dorn, R. I. 1994: The role of climatic change in alluvial fan
development. In Abrahams, A. D. & Parsons, A. J. (eds.): Geomor-
phologyofDesertEnvironments, 723–742.Chapman&Hall,London.

Ganju, A., Nagar, Y. C., Sharma, L. N., Sharma, S. & Juyal, N. 2018:
Luminescence chronology and climatic implication of the late quater-
nary glaciation in the Nubra valley, Karakoram Himalaya, India.
Palaeogeography, Palaeoclimatology, Palaeoecology 502, 52–62.

Gjerde, M., Bakke, J., Vasskog, K., Nesje, A. & Hormes, A. 2016:
Holocene glacier variability and Neoglacial hydroclimate at �Alfot-
breen, western Norway.Quaternary Science Reviews 133, 28–47.

Glasser, N. F., Jansson, K. N., Harrison, S. & Rivera, A. 2005:
Geomorphological evidence for variations of the North Patagonian
Icefield during the Holocene. Geomorphology 71, 263–277.

Grove, J.M. 1972:The incidence of landslides, avalanches and floods in
western Norway. Arctic and Alpine Research 4, 131–138.

Grove, J. M. 1988: The Little Ice Age. 498 pp. Methuen, London.
Grove, J.M.2001:The initiationof the “Little IceAge” in regions round
the North Atlantic.Climate Change 46, 53–82.

Grove, J. M. 2004: Little Ice Ages. 718 pp. Routledge, London.
Grove, J.M.&Battagel, A. 1983: Tax records fromwesternNorway, as
an indexofLittle IceAgeenvironmentalandeconomicdeterioration.
Climate Change 5, 265–282.

Hornung,J.,Pflanz,D.,Hechler,A.,Beer,A.,Hinderer,M.,Maisch,M.
&Bieg, U. 2010: 3-D architecture, depositional patterns and climate
triggered sediment fluxes of an alpine alluvial fan (Samedan,
Switzerland). Geomorphology 115, 202–214.

Imhof, P., Nesje, A. & Nussbaumer, S. U. 2011: Climate and glacier
fluctuations at Jostedalsbreen and Folgefonna, southwestern Nor-
wayand in thewesternAlps fromthe ‘Little IceAge’until thepresent:
the influence of the North Atlantic Oscillation. The Holocene 22,
235–247.

Kociuba,W.2021:Theroleofbedloadtransport in thedevelopmentofa
proglacial river alluvial fan (case study: Scott River, southwest
Svalbard). Hydrology 8, 173, https://doi.org/10.3390/hydrology80
40173.

Kr€uger, J. & Kjær, K. H. 1999: A data chart for field description and
genetic interpretation of glacial diamicts and associated sediments –
with examples from Greenland, Iceland, and Denmark. Boreas 28,
386–402.

Lewis, S.G.&Birnie, J. F. 2001: Little IceAge alluvial fan development
in Langedalen, westernNorway.GeografiskaAnnaler 83A, 179–190.

Matthews, J.A.&Briffa,K. 2005:The ‘Little IceAge’: re-evaluation of
an evolving concept.Geografiska Annaler 87A, 17–36.

Matthews, J. A., Brunsden, D., Frenzel, B., Gl€aser, B. &Weiss, M. M.
(eds.)1997a:RapidMassMovement as a Source of Climatic Evidence
for the Holocene. 444 pp. Pal€aoklimaforschung 19. Gustav Fischer
Verlag, Stuttgart.

Matthews,J.A.,Dahl,S.O.,Berrisford,M.S.,Nesje,A.,Dresser,P.Q.&
Dumayne-Peaty, L. 1997b: A preliminary history of Holocene
colluvial (debris flow) activity, Leirdalen, Jotunheimen, Norway.
Journal of Quaternary Science 12, 117–129.

Matthews, J. A., Shakesby, R. A., McEwen, L. J., Berrisford, M. S.,
Owen, G. & Bevan, P. 1999: Alpine Debris-flows in Leirdalen,
Jotunheimen, Norway, with particular reference to distal fans,
intermediate-type deposits, and flow types. Arctic and Alpine
Research 31, 421–435.

Matthews, J. A., Owen, G., McEwen, L. J., Shakesby, R. A., Hill, J. L.,
Vater,A.E.&Ratcliffe,A.C.2017:Snow-avalanche impact craters in
southern Norway: Their morphology and dynamics compared with
small terrestrial meteorite craters.Geomorphology 296, 11–30.

Matthews, J. A., McEwen, L. J., Owen, G. & Los, S. 2020: Holocene
alluvial fan evolution, Schmidt hammer exposure-age dating and
paraglacial debris floods in the SE Jostedalsbreen region, southern
Norway. Boreas 49, 886–904.

McEwen, L. J., Owen, G.,Matthews, J. A. &Hiemstra, J. F. 2011: Late
HolocenedevelopmentofaNorwegianalpinealluvial fanaffectedby
proximal glacier variations, episodic distal undercutting, and collu-
vial activity. Geomorphology 127, 198–215.

McEwen, L. J., Matthews, J. A. & Owen, G. 2020: Development of a
Holocene glacier-fed composite alluvial fan based on surface

BOREAS Stratigraphy and age of a Neoglacial sedimentary succession 11

 15023885, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bor.12608 by U

niversitetsbiblioteket I, W
iley O

nline L
ibrary on [17/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.17850/njg102-2-3
https://doi.org/10.3389/feart.2021.702340
https://doi.org/10.1016/j.quascirev.2022.107501
https://doi.org/10.1016/j.quascirev.2022.107501
https://doi.org/10.3390/hydrology8040173
https://doi.org/10.3390/hydrology8040173


exposure-age dating techniques: The Ill�ae fan, Jotunheimen,
Norway. Geomorphology 363, 107200, https://doi.org/10.1016/j.
geomorph.2020.107200.

Nesje, A. 1994: A gloomy 250 year memory: the glacier destruction of
the Tungøyane farm in Oldedalen, western Norway, 12 December
1743.Norsk Geografisk Tidsskrift 48, 133–135.

Nesje, A. 2009: Late Pleistocene and Holocene alpine glacier
fluctuation in Scandinavia. Quaternary Science Reviews 28,
2119–2136.

Nesje, A. & Dahl, S. O. 1991: Late Holocene glacier fluctuations in
Bevringsdalen, Jostedalsbreen region, western Norway (ca 3200-
1400 BP). The Holocene 1, 1–7.

Nesje, A. & Dahl, S. O. 1993: Lateglacial and Holocene glacier
fluctuations and climate variations in western Norway: a review.
Quaternary Science Reviews 12, 255–261.

Nesje, A. & Dahl, S. O. 2003: The ‘Little Ice Age’—only temperature?
The Holocene 13, 139–145.

Nesje,A.&Kvamme,M. 1991:Holocene glacier and climate variations
in western Norway: evidence for early Holocene glacier demise and
multiple Neoglacial events. Geology 19, 610–612.

Nesje, A. &Rye, N. 1993: Late Holocene glacier activity at Sandskard-
fonna, Jostedalsbreen area, western Norway. Norsk Geografisk
Tidsskrift 47, 21–28.

Nesje,A.,Kvamme,M.,Rye,N.&Løvlie,R.1991:Holoceneglacierand
climate history of the Jostedalsbreen region, western Norway;
evidence from lake sediments and terrestrial deposits. Quaternary
Science Reviews 10, 87–114.

Nesje, A., Dahl, S. O., Andersson, C. & Matthews, J. A. 2000: The
lacustrine sequence in Sygneskardvatnet, western Norway: a con-
tinuous, high-resolution record of the Jostedalsbreen ice cap during
the Holocene.Quaternary Science Reviews 19, 1047–1065.

Nesje,A.,Matthews, J.A.,Dahl, S.O.,Berrisford,M.S.&Andersson,C.
2001: Holocene glacier fluctuations of Flatebreen and winter-
precipitation changes in the Jostedalsbreen region, western Norway,
basedonglaciolacustrinesedimentrecords.TheHolocene11,267–280.

Nesje, A., Bakke, J., Dahl, S. O., Lie, Ø. & Matthews, J. A. 2008a:
Norwegianmountain glaciers in the past, present and future.Global
and Planetary Change 60, 10–27.

Nesje,A.,Dahl, S.O.,Thun,T.&Nordli,Ø. 2008b:The “Little IceAge”
glacial expansion in western Scandinavia: summer temperature or
winter precipitation? Climate Dynamics 30, 789–801.

Owen, L. A., Clemmens, S. J., Finkel, R. C. & Gray, H. 2014: Late
Quaternary alluvial fans at the eastern end of the San Bernardino

Mountains, Southern California. Quaternary Science Reviews 87,
114–134.

Øygard, L. B. 2013: Brevariasjonar i Langedalen, Veitastrond, Luster
kommune, under ‘den vesle istida’. Cand. Scient. thesis, University of
Bergen, 134 pp.

Reimer, P. and 41 others 2020: The IntCal20 Northern Hemisphere
radiocarbon age calibration curve (0-55 cal kBP). Radiocarbon 62,
725–757.

Sanders, D. & Ostermann, M. 2011: Post-last glacial alluvial fan and
talusslopeassociations(NorthernCalcareousAlps,Austria):aproxy
for Late Pleistocene to Holocene climate change. Geomorphology
131, 85–97.

Støren, E. N., Kolstad, E. W. & Paasche, Ø. 2012: Linking past flood
frequencies in Norway to regional atmospheric circulation anoma-
lies. Journal of Quaternary Science 27, 71–80.

Strzelecki, M. C., Long, A. J., Lloyd, J. M., Małecki, J., Zag�orski, P.,
Pawłowski, Ł. & Jask�olski, M. W. 2018: The role of rapid glacier
retreat and landscape transformation in controlling the post-Little
Ice Age evolution of paraglacial coasts in central Spitsbergen
(Billefjorden, Svalbard). Land Degradation & Development 29,
1962–1978.

Terrizzano,C.M.,Morabito, E.G.,Christl,M., Likerman, J., Tobal, J.,
Yamin,M.&Zech,R. 2017:Climatic and tectonic forcingonalluvial
fans in theSouthernCentralAndes.QuaternaryScienceReviews 172,
131–141.

Torske, N. 1993: Palaeoecological investigations in Bevringsdalen,
Jostedalsbreen region, western Norway. Cand. scient. thesis, Univer-
sity of Bergen, 64 pp.

Vasskog, K., Nesje, A., Støren, E. M., Waldmann, N., Chapron, E. &
Ariztegui, D. 2011: AHolocene record of snow-avalanche and flood
activity reconstructed from a lacustrine sedimentary sequence in
Oldevatnet, western Norway. The Holocene 21, 597–614.

Vasskog,K., Paasche,Ø.,Nesje,A., Boyle, J. F.&Birks,H. J. B. 2012:A
new approach for reconstructing glacier variability based on lake
sediments recording input from more than one glacier. Quaternary
Research 77, 192–204.

Winkler, S. 2020: Terminal moraine formation processes and geomor-
phology of glacier forelands at the selected outlet glaciers of
Jostedalsbreen, South Norway. In Beylich, A. A. (ed.): Landscapes
and Landforms in Norway, 33–69. World Geomorphological Land-
scapes, Springer International Publishing, Cham.

Worsley, P. 2020: Age of a pre ‘Little Ice Age’ advance of Engabreen,
Arctic Norway.Mercian Geologist 20, 37–47.

12 Atle Nesje et al. BOREAS

 15023885, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bor.12608 by U

niversitetsbiblioteket I, W
iley O

nline L
ibrary on [17/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.geomorph.2020.107200
https://doi.org/10.1016/j.geomorph.2020.107200

	 Study site
	bor12608-fig-0001
	bor12608-fig-0002

	 Mate�rial and meth�ods
	 Results
	 Stratig�ra�phy
	 Unit A: Allu�vial fan deposits with soil devel�op�ment

	bor12608-fig-0003
	 Unit B: River chan�nel deposits
	 Unit C: Flood�plain deposits

	bor12608-fig-0004
	 Radio�car�bon dates
	 New radio�car�bon dates

	bor12608-fig-0005
	 Pre�vi�ous radio�car�bon dates from Langedalen

	bor12608-fig-0006

	 Dis�cus�sion
	bor12608-fig-0007
	bor12608-fig-0008

	 Con�clu�sions
	 Acknowl�edge�ments
	 Author con�tri�bu�tions
	 Data avail�abil�ity state�ment

	 Ref�er�ences
	bor12608-bib-0001
	bor12608-bib-0002
	bor12608-bib-0004
	bor12608-bib-0005
	bor12608-bib-0006
	bor12608-bib-0008
	bor12608-bib-0013
	bor12608-bib-0014
	bor12608-bib-0015
	bor12608-bib-0017
	bor12608-bib-0019
	bor12608-bib-0020
	bor12608-bib-0022
	bor12608-bib-0024
	bor12608-bib-0026
	bor12608-bib-0027
	bor12608-bib-0028
	bor12608-bib-0029
	bor12608-bib-0030
	bor12608-bib-0031
	bor12608-bib-0032
	bor12608-bib-0034
	bor12608-bib-0035
	bor12608-bib-0037
	bor12608-bib-0038
	bor12608-bib-0039
	bor12608-bib-0040
	bor12608-bib-0041
	bor12608-bib-0042
	bor12608-bib-0043
	bor12608-bib-0045
	bor12608-bib-0046
	bor12608-bib-0047
	bor12608-bib-0048
	bor12608-bib-0049
	bor12608-bib-0050
	bor12608-bib-0051
	bor12608-bib-0052
	bor12608-bib-0053
	bor12608-bib-0054
	bor12608-bib-0055
	bor12608-bib-0056
	bor12608-bib-0057
	bor12608-bib-0058
	bor12608-bib-0059
	bor12608-bib-0060
	bor12608-bib-0061
	bor12608-bib-0062
	bor12608-bib-0064
	bor12608-bib-0065
	bor12608-bib-0066
	bor12608-bib-0067
	bor12608-bib-0068
	bor12608-bib-0069
	bor12608-bib-0071
	bor12608-bib-0072
	bor12608-bib-0073
	bor12608-bib-0074


