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Abstract. Geomorphological maps and nine soil profiles containing 92 tephra layers have been
examined to explore the nature of medieval environmental change in bjérsardalur, Iceland,
where farms are thought to have been abandoned after the massive tephra fall from the eruption
of Hekla in 1104 A.D. This paper presents evidence for continued human activity in the area in
the two centuries following the 1104 A.D. eruption, indicating that continued utilization of the
region changed after another major episode of volcanic fallout in 1300 A.D. The paper proposes
that measures were taken in the fourteenth century to conserve woodland in bjérsardalur result-
ing in localized landscape stabilization that continued throughout the following Little Ice Age
episodes of climate deterioration.

. et al. in press). Also new evidence is brought to
Introduction bear on a long-standing debate in Icelandic archae-

The aim of this paper is to use tephrochronology ology concerning the timing and causes of aban-
to assess ideas of landscape change and settlement donment of Medieval settlement in the valley of
in bjérsddalur, Iceland. This is important because bjorsérdalur.
it illustrates recent methodological developments
in the application of tephrochronology to archaeo- cs s . .
logical glrl)estions (Dugrgore et al. 20080y, 2006 Mairs Pjérsardalur in Icelandic Archaeology
et al. 2006, and contributes to the widening debate The valley of Pjérsdrdalur lies close to the foot
on human adaptation to landscape change in the of mount Hekla, an active volcano in southern
North Atlantic (Dugmore et al. 2005; McGovern Iceland (Fig. 1). In the valley 12—15 abandoned

Andrew J. Dugmore, Institute of Geography, School of GeoScience,

University of Edinburgh, Edinburgh, EH8 9XP, UK
Mike J. Church, Department of Archaeology, Durham University, Durham, DH1 3LE, UK

Kerry-Anne Mairs, Institute of Geography, School of GeoScience,

University of Edinburgh, Edinburgh, EH8 9XP, UK
Thomas H. McGovern, Hunter Bioarchaeology Laboratory, Department of Anthropology, Hunter College,
City University of New York, 695 Park Ave, New York, New York 10021
Sophia Perdikaris, Department of Anthropology and Archaeology, Brooklyn College,
City University of New York, 2900 Bedford Avenue, New York, NY 11210-2889
Orri Vésteinsson, Archaeology Programme
University of Iceland, v/Sudurgétu, 101 Reykjavik, Iceland

ARCTIC ANTHROPOLOGY, Vol. 44, No. 1, pp. 1-11, 2007 ISSN 0066-6939
© 2007 by the Board of Regents of the University of Wisconsin System

W4336.indb 1 @ 4/20/07 10:15:27 AM



W4336.indb 2

iy E

7 \ows
KERLINQAFJOL§§
AN TR

I
2 WREPN
o gl

é}'
T éy Cj> a
£ S
S

KEY
) Glaciers
7 Lake & rivers
O  Farm ruins
T Churches

T qb B / © Study area
(7] <,
/

HEKLA
N [sopach (cm)

T 10km
——

Figure 1. The location study area showing the fallout
from Hekla 1104 (Pérarinsson 1967) and the location of
abandoned farms.

medieval farm sites are known. One farm was aban-
doned in 1693 as a result of an eruption of Hekla
(Pérarinsson 1951) and two farms, where the valley
opens out into the lowlands, remained occupied
into the twentieth century. In Icelandic archaeol-
ogy DPjérsardalur has long been considered as the
prime example of the degeneration of once flower-
ing settlements due to adverse environmental con-
ditions and/or natural catastrophes. The valley was
first surveyed in the 1860s by Brynjulfur Jénsson
(Jonsson 1885) who published a detailed site di-
rectory in 1885. As a direct result of Jénsson’s pub-
lication, extensive examination of farm ruins and
some excavation were carried out in the valley in
the 1890s by borsteinn Erlingsson (1899) and Dan-
iel Bruun (1897). It was the latter who invoked the
idea of a catastrophic end to the settlement by call-
ing bjorsardalur the “Pompeii of Iceland” (Bruun
1897:24), and it was he who brought bjérsarda-
lur’s archaeology to the attention of international
scholarship. Local traditions had long held that
bjorsardalur had been devastated in the early four-
teenth century by a volcanic eruption in the valley
itself. In his early work Brynjilfur Jénsson demon-
strated that there is no volcano within the valley,
but it was geologist borvaldur Thoroddsen who

Arctic Anthropology 44:1

suggested that the valley had been ruined by an
eruption in neighboring Hekla, probably in 1341
(Thoroddsen 1889:70—76).

In 1939 an expedition of Nordic archaeolo-
gists came to Iceland and, concentrating their ef-
forts on bjérsardalur, excavated six farmsites in
the course of one summer (Stenberger 1943). Work-
ing with the group was geologist Sigurdur béra-
rinsson who was in the process of developing te-
phrochronology as a dating method (Pdrarins-
son 1944). Underneath most of the ruins he iden-
tified the Landndm tephra (vii a+b)—now dated
to 871+2 B.P. through correlation of tephra shards
in the GRIP Greenland ice core (Gronvold et al.
2005). A thick layer of pumice infilling most of the
ruins, however, he initially identified as being the
product of the eruption of Hekla in 1300 (P6ra-
rinsson 1943, 1949). This accorded well with the
traditional dating of bjérsardalur’s abandonment
and was also considered by the archaeologists to
be in agreement with the structural and artifac-
tual evidence unearthed by the project. These re-
sults came under heavy criticism in Iceland (e.g.,
J6n Steffensen 1943, 1950) and Pérarinsson subse-
quently changed his mind about the layer of pum-
ice and suggested that it was in fact from the Hekla
eruption of 1104, thus pushing the demise of the
settlement back two centuries (Pérarinsson 1954).
This identification has gained general acceptance
and the results of later archaeological work in
bjérsardalur (Eldjarn 1951, 1961; Rafnsson 1977)
did not unearth evidence that contradicts it. On
the basis of his excavation of Sdmsstadir Rafns-
son even felt confident enough to speculate on the
time of the year in which the 1104 A.D. eruption
had taken place.

By the late 1970s Icelandic archaeologists
were becoming critical of earlier simplistic mod-
els of settlement disruption. New historical and
archaeological research into farm abandonment
(e.g., Sveinbjarnardéttir 1992) was unable to find
much correlation between farm abandonment and
the favorite scapegoats of earlier scholarship—
epidemics and volcanic eruptions, suggesting that
abandonment was a more complex process than
previously believed. It was also becoming increas-
ingly clear from the study of historically recorded
volcanic eruptions that their impact was rarely fa-
tal to settlements, and if so only on a small scale
and for a short period.

In 1982 Vilhjdlmur Orn Vilhjdlmsson started
a re-excavation of Sténg, the most celebrated site
from the 1939 expedition, with the aim to test
bérarinsson’s dating of the site’s abandonment.
Vilhjédlmsson felt that the artifactual evidence from
Stong—including a sherd of Grimston ware from
the thirteenth century —did not accord well with
the 1104 A.D. date. In his trenches Vilhjdlmsson
identified evidence of the Hekla 1104 eruption un-
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derneath archaeological deposits which were stra-
tigraphically below the layers of pumice (identi-
fied by boérarinsson as the 1104 A.D. tephra) re-
moved in the 1939 excavation. Vilhjdlmsson’s ex-
planation for this is that the pumice infilling the
ruins and thus post-dating them was the 1104 A.D.
tephra, but redeposited due to wind erosion long
after the actual eruption. Vilhjdlmsson’s hypothe-
sis (1989) is thus that Stong—and by implication
the other sites in the valley—was not ruined by
the 1104 A.D. eruption but survived into the early
or mid thirteenth century. Their abandonment at
that date was however due to environmental deg-
radation, to which the 1104 A.D. eruption, as well
as subsequent Hekla eruptions in 1158 A.D., 1159
A.D., and 1206 A.D., had contributed in no small
way. Vilhjdlmsson’s hypothesis has not gained
general acceptance, no doubt primarily because
he failed to have his tephra identifications rati-
fied by geologists, and Icelandic scholars continue
to attribute the abandonment of the valley to a
catastrophic eruption of Hekla in 1104 A.D. (e.g.,
Karlsson 2000:45,192). A recent survey of arti-
facts from bjérsardalur—some 1,900 from 36 sites
are known—concluded that the assemblage as a
whole was Viking age with only a handful of finds
attributable to the later middle ages (Gisladéttir
2004).

Research Questions

The dating of landscape change and settlement of
bjérsardalur remains an important issue in Icelan-
dic archaeology. Firstly, the valley contains a criti-
cal mass of archaeological sites, more than a third
of all excavated Viking age sites in Iceland (Vés-
teinsson 2004), making the dating of these remains
a critical issue for typological dating of structures
and artifacts. Secondly, Pjérsdrdalur has a central
place in the debate about the nature of human-en-
vironmental interaction in Iceland. It is of crucial
importance to understand the processes that led to
settlement and landscape change in bjérsardalur,
and fresh insights into this issue will have impli-
cations far outside the limits of the valley.

A key concept here is the notion of a “farm”;
by this do we mean a set of buildings (a site of per-
manent occupation) or a discrete area of land? The
distinction is important since although a building
may be abandoned, the surrounding land may con-
tinue to be utilized in either a similar or different
way than before. In Pjérsardalur, several quite dif-
ferent situations may have developed. Across the
valley as a whole, settlement sites may have been
abandoned in the aftermath of the 1104 A.D. erup-
tion and land use may also have changed, with
a substantial reduction of grazing, the abandon-
ment of home fields and other fodder producing
areas, and a change in woodland utilization. Alter-

natively, although permanent occupation of farm
houses may have ended, there could have been
some continued episodic and casual occupation
of the buildings until they fell into complete dis-
repair and collapsed. Land use may have contin-
ued essentially unaltered. Another possibility is
that in addition to temporary use, some form of
permanent occupation could have also continued.
The important point is that between the extremes
of continuity and abandonment, there are a num-
ber of different possibilities and key information
exists in the landscape as well as on occupation
sites that can be a used to address these questions.

The central issue we wish to explore con-
cerns the nature of landscape change in the after-
math of the 1104 A.D. eruption of Hekla and we
hope to establish the rate and extent of land sur-
face stabilization after the tephra fall. In the ab-
sence of continued grazing pressure we could ex-
pect surface stabilization in areas with pre-existing
soil and vegetation on timescales of years to de-
cades, especially where the pre-existing vegetation
included trees and shrubs. In contrast, long peri-
ods of surface instability are likely to indicate con-
tinued disturbance by animals.

Approaches And Methods

Tephrochronology has provided valuable—if at
times debated—dating control for excavated sites
in bjérsadalur, but it has not been extended into
the surrounding landscape to determine patterns
of past environmental changes, even though this
is one of the great strengths of tephrochronology
originally highlighted by Pérarinsson (1961). Else-
where in Iceland this development has provided
key insights (e.g., Dugmore and Buckland 1991;
Dugmore and Erskine 1994; Dugmore et al. 2000,
2006; Mairs et al. 2006, so the approach in this pa-
per is to focus on landscape and use tephrochro-
nology to assess changes in related parts of a land-
scape system. The immediate environs of Stong
have suffered extensive erosion leaving little en-
vironmental data in the form of soil profiles. Our
study area lies about 3 km to the east of Stong
where a large bedrock gully system (about 1.5 km
long) lies close to an ancient routeway through
bjorsddalur, on the edge of deflated areas of black
sand and surrounded by surviving patches of soils,
grasslands, and patches of scrub woodland. Geo-
morphological mapping provides the spatial con-
text (Fig. 2).

Data from seven soil profiles were used that
contained a total of 57 identified tephra depos-
its and were recorded at altitudes between 220—
250 m asl around the gully system (Figs. 2 and 3).
In addition an eighth reference profile at 235 m
on the edge of nearby woodland was recorded that
contains a further eleven identified tephras. Also a

4/20/07 10:15:27 AM



Arctic Anthropology 44:1

®1 Soil profile
+ number

Trees

.

(& =) Vegetation continuous

o e%

... Semivegetated

0%

 Exposed soil
"o, Sandand gravel

NN Bed rock

Figure 2. The topography and geomorphology of the study area showing the location of the

soil profiles in Figure 3.

short sequence of ten tephras and related stratigra-
phy was recorded near to Sténg. Exposed sections
of stratigraphy approximately 50 cm in width were
created and layers were logged to a resolution of

5 mm with samples of key tephra layers collected
for chemical analysis.

The tephrochronological framework is based
on the work of Pérarinsson (1967) with some key
revisions based on later studies by Grénvold et al.
(1995), Halflidason et al. (1992), Larsen (1984,
1996), Larsen and Pérarinsson (1977), Larsen, Dug-
more, and Newton (1999) Zielinski et al. (1995).

Soil sections were chosen to assess change in spe-
cific parts of the landscape; individual tephra iso-
chrones were traced across the area to consider
land surfaces at particular times, with the 3-D ge-
ometry of layers used to infer the shape of past
land surfaces. Multiple isochrones were consid-
ered in order to assess change during specific time
intervals and determine rates of aeolian sediment
accumulation (a proxy for aeolian erosion). Re-
worked tephras were assessed as tracers to con-
strain the nature and duration of past environmen-
tal processes. Erosional and depositional breaks,
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Figure 3. Tephrochronology of the gully system. Results of selected geochemical analysis are shown in

Table 1.

highlighted by tephra stratigraphy, were also noted
as another key indicator of change.

Results

The reference section, Profile 8, was located close
to surviving woodland and outside the immedi-
ate gully system under consideration, but lying at
a mid-range altitude in reference to the other pro-
files. Rates of aeolian sediment accumulation in
pre-settlement times average hundredths of a mil-
limeter per year with 105mm of accumulation be-
tween the Hekla3 tephra, dated to 2879+34 B.P.
(Dugmore et al. 1995), and the Landnédm tephra
dated to 8712 (Gronvold et al. 1995). After settle-
ment this rate increases by an order of magnitude
to average 0.38mm/yr in the period 870-935 A.D.
Accumulation rates are similar, if somewhat lower,
in the later tenth century and decline marginally
after the 1104 A.D. eruption. Reworked tephra on
top of the primary airfall deposits indicate periods
of instability following both the 1104 A.D. and
1300 A.D. tephra falls. There are no major ero-
sional or depositional unconformities in the re-
corded sequence.

Profiles 1 and 2 were sited to the east of the
gully head. Profile 2 at 250 m asl preserves a simi-
lar environmental record to reference Profile 8 but

with a rapid stabilization of both Hekla 1104 and
Hekla1300 tephras. Accumulation rates peak in the
settlement period 870—935 A.D., declining in the
tenth century, to return to the higher early settle-
ment period rate after 1104 A.D. Profile 1 was sited
down slope. Here the 3° local slope was sufficient
to delay the stabilization of both the 1104 A.D. and
1300 A.D. tephras. Overall tephra layer thicknesses
for Hekla1104 and Hekla1300 are similar to Profile
2 but the upper parts are mixed with silt.

Profiles 5 and 6 were sited on the southern
shoulder of the main gully on either side of a small
patch of birch trees (Betula pubescens). Profile 5
was only excavated into the late thirteenth cen-
tury strata below Hekla 1300, but it was apparent
that Hekla 1104 tephra was being locally reworked
until 1300 A.D. Profile 6 contained a truncated
soil profile: after 1104 A.D. the site was stripped
to bedrock. Pockets of soil within the rock surface
contain reworked tephra from 1104 A.D. mixed
with silt. This mix of pumice from Hekla 1104
and silt stabilized to permit deposition of lenses
of Hekla 1300 and aggradation from the fourteenth
century to now.

Gully-edge Profiles 3 and 4 were sited on the
lip of a vegetated step on the northern side of the
gully. Current erosion has created two large nat-
ural exposures with vertical faces over 2m high.
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Table 1. Selected geochemical data on individual tephra grains from key tephra layers in the study area.
Much data have already been published on key tephras such as H3, Landndm Tephra, and H1104 (e.g.,

Kirkbride and Dugmore 2001; Larsen et al. 1999). New data are shown here because of a previous lack

of published geochemical data, for example in the case of Hekla 1693, or because they provide data on

the geochemical range at a site close to source, for example Hekla 1300, or because they are data on a

tephra at the margins of currently established distributions, for example Eldgja 935.*

Si0, TiO, AlLO, FeO MnO MgO CaO Na,0 K,0 P,0; Total
Profile 3 E935 glx 49.47 2.33 13.13 13.59 0.29 6.13 10.54 2.79 0.35 0.24 98.85
Profile 3 E935 glx 49,12 2.57 12.96 14.08 0.25 557 9.69 2.79 042 0.27 97.71
Profile 3 E935 glx 48.78 2.61 12.37 14.37 0.22 5.91 10.30 2.65 0.44 0.25 97.90
Mean (%) 49.12 2.50 12.82 14.01 0.25 5.87 10.18 2.74 0.40 0.25 98.15
Standard deviation 035 015 040 039 004 0.28 044 0.08 0.05 0.02 0.61
Profile 3 E935 glb 47.22  4.70 12.46 14.69 0.32 4.82 9.31 3.31 0.87 0.69 98.38
Profile 3 E935 glb 47.22  4.74 12,53 14.92 025 491 9.39 3.23 0.83 0.64 98.65
Profile 3 E935 glb 4716 4.71 12.38 14.65 0.22 4.92 947 3.25 0.68 0.58 98.00
Profile 3 E935 glb 47.06 4.72 12.60 1469 0.26 4.96 944 3.15 0.86 0.62 98.35
Profile 3 E935 glb 46.97 4.65 12.53 15.02 0.21 5.08 955 3.15 0.85 0.58 98.58
Profile 3 E935 glb 46.79 4.67 12.48 14.90 0.21 4.89 943 3.39 0.84 0.65 98.24
Mean (%) 47.07 4.70 12,50 14.81 0.25 4.93 943 3.25 0.82 0.63 98.37
Standard deviation 0.17 0.03 0.08 0.15 0.04 0.09 0.08 0.09 0.07 0.04 0.24
Profile 3 E935 gla 46.39 4.49 12.51 15.55 0.22 5.53 10.39 2.79 0.76 0.48 99.12
Profile 3 E935 gla 45.74 4.77 12.17 15.78 0.25 5.29 10.17 2.82 0.65 0.47 98.10
Profile 3 E935 gla 45.30 4.53 11.45 15.47 0.23 6.19 1090 2.68 0.66 0.44 97.85
Mean (%) 45.81 4.60 12.04 15.60 0.23 5.67 1049 2.76 0.69 0.46 98.36
Standard deviation 055 0.15 054 0.16 0.02 0.47 0.37 0.07 0.06 0.02 0.67
Profile 3 H1300 61.62 0.89 14.78 8.81 0.30 1.08 454 4.72 1.88 0.37 98.98
Profile 3 H1300 59.88 1.11 14.89 9.10 0.23 150 4.83 4.43 1.71 0.41 98.08
Profile 3 H1300 59.74 1.05 14.74 8.75 0.23 151 4.85 4.45 1.78 0.41 97.50
Profile 3 H1300 59.49 1.19 15.27 942 030 1.62 4.83 4.46 1.73 0.46 98.77
Profile 3 H1300 59.07 1.05 14.64 8.87 0.26 144 490 4.57 1.63 0.42 96.87
Profile 3 H1300 59.00 1.10 14.85 942 0.24 156 5.00 4.31 1.65 0.38 97.50
Mean (%) 59.80 1.07 14.86 9.06 0.26 1.45 4.83 449 1.73 0.41 97.95
Standard deviation 096 0.10 0.22 030 003 0.19 0.15 0.14 0.09 0.03 0.82
Profile 3 H1693 58.74 1.29 15.17 943 0.27 1.89 5.33 4.48 151 0.55 98.67
Profile 3 H1693 58.42 1.34 15.23 9.71 0.27 195 5.42 445 1.58 0.57 98.95
Profile 3 H1693 58.27 1.33 14.99 9.79 0.26 197 5.31 4.48 1.58 0.55 98.53
Profile 3 H1693 58.24 1.36 15.04 10.01 0.30 198 5.35 4.39 1.58 0.56 98.81
Profile 3 H1693 58.18 1.32 14.96 964 0.21 1.88 5.27 4.37 1.45 0.51 97.77
Profile 3 H1693 58.07 1.37 15.01 10.00 0.32 192 5.32 4.39 1.50 0.56 98.45
Profile 3 H1693 57.98 1.32 15.08 956 0.32 193 5.33 4.35 154 0.57 97.97
Profile 3 H1693 57.87 1.35 15.08 9.78 0.30 1.96 5.43 4.51 155 0.57 98.39
Profile 3 H1693 57.81 1.38 15.14 9.82 0.29 197 5.41 426 159 0.55 98.21
Profile 3 H1693 57.64 1.30 14.93 9.71 025 195 5.28 4.33 153 0.56 97.50
Mean (%) 58.12 1.34 15.06 9.75 0.28 194 535 440 154 0.56 98.33
Standard deviation 032 0.03 010 0.18 0.03 0.03 0.06 0.08 004 0.02 046

*Pre-treatments for microprobe analysis followed Dugmore et al. (1995). Tephra samples were mounted in resin and
then ground, polished and carbon coated. Analyses were undertaken on a five spectrometer Cameca SX100 electron
microprobe, using an accelerating voltage of 20 kV. A beam with a 4 nA current and a 10pm raster was used to reduce
sodium migration found in the more silicic tephra layers. Peak count times were 10 seconds per suit of elements (total
count time of 45 seconds). The instrument was calibrated using a mixture of pure metals and simple silica compounds
and counter deadtime, fluorescence and atomic number effects were corrected using Cameca’s PAP correction programme.
Total iron is expressed as FeO. Further online information can be found at Tephrabase (http://www.tephrabase.org). The
different components within the Eldgjd 935 tephra are differentiated following Larsen (2000).
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Up slope of Profile 3 the Landndm tephra did not
stabilize immediately after deposition: it was re-
worked downslope to create a layered unit at the
site of Profile 3. The lack of admixed silt indicates
that this process did not involve a breach of the
contemporaneous vegetation cover, but this vege-
tation could not immediately stabilize the depo-
sition of a 6cm tephra-fall. Aeolian sediment ac-
cumulation did resume quite soon afterwards as
there is a 10 mm bed of silt separating the top of
the reworked Landndm tephra deposit from the
overlying Eldgja 935 tephra, deposited some 65
years after the eruption of the Landndm tephra. Af-
ter the deposition of Hekla 1104 the slope did not
stabilize, and reworked layers are characterized
by the mixtures of both the Hekla 1104 pumice
and silt. The depth of the Hekla 1104 primary air-
fall deposit in the gully-edge Profile 3 is less than
at the sites outside the gully (Profiles 8, 1, and 2)
and depth overlying reworked layers are similar,
indicating episodes of erosion at the gully-edge as
well as deposition. Stabilization did, however oc-
cur with the deposition of the Hekla 1300 tephra.
In contrast to Hekla 1104 the deposits of Hekla
1300 at gully-edge Profile 3 and outside-gully Pro-
file 2 are very similar, suggesting both a rapid sta-
bilization of the tephra at both sites and minimal
post-depositional disturbance. Following the de-
position of Hekla 1300 sedimentation on the gully-
edge Profile 3 is represented by the accumulation
of silt. This indicates a rapid contemporaneous
change that results in the stabilization of the pre-
viously mobile Hekla 1104 tephra. Acceleration
of sediment accumulation and a change to coarser
sediments subsequently occurred in the twentieth
century after 1918, an indication of renewed local
slope instability. Profile 4, sited within a tributary
gully a few meters from Profile 3, tells a similar
story, though here there is an erosional unconfor-
mity that took out deposits from 1104 to imme-
diately pre-Landndm. The thickness of reworked
Hekla 1104 pumice is greater than at profile 3 but
again a stabilization of the Hekla 1104 tephra be-
gins after the deposition of Hekla 1300.

Bedding within the Hekl 1104 pumice in the
gully-edge Profile 3 indicates that the gully be-
low this point has deepened since the turn of the
twelfth century A.D. because the slope of the bed-
ding runs parallel to the orientation of the gully
rather than intersecting it. One possibility is that
an abrupt deepening of the gully could explain the
switch in sedimentation after 1300 A.D., but this is
unlikely as Profile 3 is recording change upslope,
and this would not be affected by a deepening of
the gully. Furthermore the change in sedimenta-
tion is also recorded on the opposite side of the
gully in Profile 6.

Profile 7 was excavated where a small tribu-
tary gully meets the main gully just before it opens

out onto the sandy plain to the west. This profile
records a massive thickening of the Hekla 1104 de-
posit with a primary deposit 60 cm deep in con-
trast to thicknesses of 35 cm recorded at Profile 2
and 15 cm at Profile 8. This probably represents lo-
calized movements of the tephra deposit during or
soon after initial deposition as there is a minimal
admixture of silt. Even small amounts of silt are
visible against the white pumice, and these depos-
its lack any staining. The tributary gully is cut into
the overlying beds of re-worked Hekla 1104 pum-
ice and lenses of either Hekla 1693 or Hekla 1766
tephra within the scalloped top surface show that
stabilization only occurred in the very late seven-
teenth or eighteenth century.

One profile (9) was recorded on the hill slopes
west of Stong, in the outfields, outside the imme-
diate area of settlement and homefields. An ero-
sional surface cuts into prehistoric tephra layers;
accumulation above this hiatus commences with
reworked deposits of Hekla 1104, but this accumu-
lation is mixed as the Hekla 1300 tephra does not
form a discrete layer and stability only resumed
in the late fifteenth century with the deposition of
Katla 1500 as a discrete un-mixed layer.

Discussion

These new data provide a mixed picture of land-
scape change from Landnam through the occupa-
tion of the bjérsardalur farms to the present day.
Aeolian sediment accumulation rates increase by
an order of magnitude at Landndm. This could be
in response to changes in both the depositional
and erosional environment. Changes in surface
vegetation cover produced by settlement (e.g., Halls-
déttir 1987) could locally change sediment depo-
sition by reducing the ability of some areas (such
as steep or convex slopes) to trap fallout. In addi-
tion, new sources of aeolian sediment could have
been created by woodland clearance and local-
ized breaches of vegetation cover (e.g., Dugmore
and Erskine 1994). Local sediment sources can
significantly increase nearby accumulation rates
(Arnalds 1999).

One factor contributing to abrupt changes
in sediment accumulation rates after settlement
could be the thickness of the Landndm tephra
layer and its proximity to the surface. It was de-
posited and stabilized only a few years before
the settlement of the valley and the first introduc-
tion of grazing mammals. Consequently the tephra
would have formed a 6—35 cm deep layer of un-
consolidated silt-sand sized sediment with little
cohesion and very susceptible to erosion just un-
der the land surface. This layer could have been
easily exposed and mobilized as a result of wood-
land clearance and the introduction of sheep, goats,
cattle, horses, and especially pigs. Once triggered,
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erosion scars probably become an enduring feature
of this landscape.

After the deposition of tephra in 1104 A.D.
some areas (such as the environs of Profiles 2 and
8) saw a rapid stabilization of the airfall indicat-
ing a deep vegetation cover that continued to grow
through at least 35cm of pumice. Other areas were
affected by erosion cutting into underlying sedi-
ments and/or they experienced prolonged phases of
instability, with discrete episodes of surface trans-
port and mixing of layers of pumice and silt. These
processes continued until 1300 A.D. The fact that
the subsequent tephra fall of Hekla in 1300 A.D. re-
sulted in stabilization of land surfaces indicates
processes other than geomorphic change were at
work. This is especially notable given the general
increase of landscape degradation in Iceland asso-
ciated with the period of changing climate known
as the Little Ice Age (Simpson et al. 2002). Stabili-
zation of shifting surface deposits of tephra simply
through the addition of more tephra seems at first
sight to be rather improbable—a geomorphological
equivalent of putting out fires with petrol. One in-
direct way in which additional tephra deposition
could explain the geomorphic change is through
its effect on human activity. It could be that human
impact continued after 1104 A.D., effectively de-
laying ecological recovery from the tephra fall, but
in the immediate aftermath of the 1300 A.D. erup-
tion this ceased. Most probably occurs because of
a major reduction or removal of grazing pressure.

It is notable that even in areas where erosion had
taken place in the twelfth and thirteenth centuries
(e.g., Profiles 4 and 6), once stabilization had been
achieved in the aftermath of the 1300 A.D. erup-
tion, uninterrupted sediment accumulation has
been taking place to the modern day. As this period
includes the most ecological unfavorable decades
of the Little Ice Age, it would suggest that climate
change did not play a primary role in earlier epi-
sodes of localized landscape instability.

Although bjérsardalur is currently an iconic
example of volcanic impact, environmental de-
struction, and farm abandonment, it is notable
that it is an area where significant woodland sur-
vives, despite being an ecologically marginal loca-
tion for birch trees (B. pubescens) (Fig. 2). Recent
work on fuel utilization and woodland manage-
ment in Iceland has highlighted the importance of
bjérsardalur in early modern times as a woodland
reserve and the source of almost all the charcoal
for several hundred households on Iceland’s south-
ern plain. At the end of the sixteenth century there
were still extensive birch forests in bjérsardalur,
mostly owned by the Bishop of Skédlholt who was
also the principal landowner in the region. The
bishop’s tenants in large tracts of the mostly tree-
less county of Arnessysla had the right to make
charcoal for household needs (critical for the car-
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burizing of scythes) in the bjérsardalur woods.

At this time the valley floor was probably already
denuded but the hillsides were still largely cov-
ered in wood, suggesting that the valley was not
as completely devastated in the Middle Ages as
has traditionally been imagined and we propose
that an abandonment of the valley in the thirteenth
century would accord well with the rise of the
Bishop of Skélholt as the major landowner in the
region. If the valley farms were in a decline due to
volcanic impacts and environmental degradation
it may have made them all the more vulnerable to
the encroachments of major landowners, in whose
interests it might have been to clear the farms to
protect the woodlands for the lowland tenants (cf.
Vésteinsson and Simpson 2004).

A similar situation of farm abandonment re-
lated to woodland conservation seems to have oc-
curred in bérsmork in south Iceland (Dugmore
et al. 2006. There, Landndm farms were aban-
doned by the late thirteenth century; while the
farms were occupied extensive soil erosion took
place in their outfields, but woodland survived.
By the thirteenth century these trees probably
formed the bulk of the surviving woodland in the
region, as lowland forest clearance to create pas-
ture and mid-valley timber exploitation to pro-
duce charcoal, had cleared woodland from ar-
eas down-valley of Pérsmérk itself. It is probable
that the final clearance of farms from P6rsméork
occurred in order to protect the surviving wood-
land as a charcoal resource for the lowland farms.
In both P6rsmérk and bjérsardalur a similar gen-
eral pattern can be seen, with land use change and
the conservation of surviving woodland occurring
at a time when trees had becoming a limited (if
not completely depleted) resource in nearby low-
lands. Any settlements in the areas of surviving
woodland had to cope with extreme environmen-
tal pressures of rangeland destruction by volcanic
fallout and/or soil erosion. Perhaps occupation of
these areas could have continued, but the needs of
the lowland farms seem to have made fundamental
land use change inevitable.

Although the dramatic reduction in the ex-
tent of woodland in Iceland from some 27% of to-
tal land area to about 1% can be interpreted as an
ecological disaster, perhaps it is more appropriate
to consider it as a “landscape fit for purpose.” Suf-
ficient woodland did survive scattered around the
country to provide essential supplies of charcoal.
It is probable that woodland is much less vulner-
able to tephra fall than grassland. Indeed, in some
circumstances tephra may actually enhance tree
and shrub development if it acts as a ground level
mulch, reducing root competition from grass and
herb vegetation, and potentially creating oppor-
tunities for seedlings to develop in areas formally
covered by a dense, well-knit turf.
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Conclusion

The application of tephrochronology in landscape
studies enhances debates about medieval Icelandic
farm abandonment by introducing ideas of how
settlement and landscape processes are connected.
The onset of landscape destabilization at Pjérsar-
dalur effectively begins at Landndm, not simply re-
sulting from the arrival of people and grazing an-
imals, but as a consequence of the combination of
grazing pressure and the deposition of the Land-
ndm tephra a few years earlier and the creation of
a 6—35 cm deep layer of unconsolidated tephra
just below the surface vegetation. Grazing pressure
and human impact caused an increase in the sed-
iment accumulation rates from an average of hun-
dredths of a millimeter per year prior to Landndm
to an average of 0.38 mm/yr in the period directly
after settlement.

The deposition of tephra from the Hekla
eruption in 1104 A.D. caused variable effects in
the landscape. The geomorphic instability illus-
trated at some locations, which persisted until
1300 A.D., was most probably a result of contin-
ued grazing pressure. Although this is not direct
evidence for continued occupation of farm sites
within Pjérsdrdalur it does suggest a continuity of
land use and grazing that effectively limited stabi-
lization of the landscape. After the deposition of
Hekla 1300 tephra, slopes were quick to stabilize.
This indicates that after the 1300 A.D. eruption,

a change in the nature of human impact, perhaps
related to a major reduction or removal of graz-

ing pressure, allowed the stabilization of the sur-
face tephra deposits. This was probably related to
woodland conservation, because despite its ecolog-
ically marginal location and climatic deterioration,
the woodland survived through to modern times.
Also, woodland cover makes the landscape less
vulnerable to destabilization following a tephra fall.

Following the stabilization of the Hekla 1300
tephra, continuous silt accumulation occurred into
the twentieth century. An influx of coarser sedi-
ment after 1918 A.D. suggests a period of renewed
local slope instability. There is no indication of in-
stability caused by climate change in the Little Ice
Age, suggesting that climate change did not play
a primary role in earlier episodes of landscape
instability.
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