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Figure 1. Tephra Layers in a Core and a Profile
(modified from Bolender et al. 2009)

The H3 layer has a sandy, light greyish yellow color, while H4 is finer-grained
and tends more toward a very light grey. Both are quite thick, up to 10 cm in some
cases, and they occur very close together when both are observed. The H3 layer, where
present, serves in the current research as the start date for prehistoric soil accumulation

measurements. The landndm sequence is a series of tephra often observed together with
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nonetheless reveal subtle spatiotemporal variations within the largely homogeneous,
agricultural landscape.

The Skagafjorour Archaeological Settlement Survey has used a combined
approach of coring, remote sensing, test excavation, and environmental sampling to
develop a settlement sequence and hierarchy for nineteen Viking Age farms on Langholt,
in part by locating early farm structures that were abandoned during the Viking Age and
are no longer visible on the surface (Bolender and Steinberg 2010; Steinberg, Bolender et
al. [2011]). SASS's work has shown that the farmsteads of the region follow a convex
rank-size curve by 1104 (two centuries after settlement), shifting to extremely primate by
the 18" century (Figure 4). A few large, early farms become the wealthiest, eventually
owning most of the many smaller, later farms that fill the remaining land in the region
(Bolender et al. 2009). The two distant ends of the Langholt region were settled first,
with large, wealthy farms, followed by two more large farms directly in the middle, and
the remaining land area was slowly filled by smaller dependent and tenant farms through
a process of land division (Figure 5, Table 1; also see Figure 13) (Bolender 2006;
Bolender, Steinberg et al. 2008; Bolender and Steinberg 2010; Steinberg, Bolender et al.
[2011]). Examined in light of this settlement sequence, differential soil accumulation
rates through time can describe the role of landscape differences in long-term trajectories

of wealth creation and social stratification.

24



Tablel. Farm Data

Jonsbok Date Distance to Iglig: r;(;i <

Farm+ ID | Established* | INearest 1104 | AbuGart

Neighbor (m) 2

(m?)
Reynistadur 63 882 9935 10243 84.5
Geirmundarstadir 72 872 - 1364 33.2
Hafsteinsstadir 71 929 1050 3021 28.1
Geitagerdi 64 1300 566 - 10
Litla-Grof 60 939 711 2962 14.2
Stora-Grof 61 937 1844 3532 39.4
Pafastadir 59 1010 439 2402 17.6
Kjartansstadir 57 977 1409 2271 14
Stora-Seyla 104 901 9182 7179 31.5
Grofargil 89 1058 1257 1817 19.9
Glaumbaer 111 1007 680 6512 45.7
Medalheimur 1006 918 1675 4596 -
Halldorsstadir 109 1052 869 1537 17.1
Holar 249 1106 - - -
Marbeli 115 915 1675 7052 22.8
Geldingaholt 102 984 1332 4154 32.3
Torfgardur 106 1000 421 2064 5.1

+ Landlords at 1704 are grouped with their tenant farms.

*Approximate establishment dates are derived from tephrochronology and supported by radiocarbon.
Geirmundarstadir, a very early farm technically located in Seemundarhlid, is extrapolated from the
sagas.

** Abudar (lease value), averaged values between 1882-1896. No data for

Medalheimur.
- Unknown or no data.

27



|m_.m_ N

=0V L

Ll

oSl

OvLF

el

0L F

‘JHOD

600¢ SSYS

‘340D

HIHON
sV Y

PN

051

:JHOD

‘JHOD

k=4
R
|

‘JHOD

300D 31§

IWEY

AANWWAQA
al

g Q3uaINg

tH/EH
INT/SN1
000L~A
YOLLH
00ELH
99L1'H
VHH4IL

pazop|ing (-/+Z8)
acueqnysig (sa)
Buimold (1d)

ued uod| (dI)

[2ABID) (YD)

usodaq ueljoay (Qy)
‘ADOTOID

19he [eanynd (1)
l1oo}4 (4)

uappI (W)

4ng (1)

ysy (v)

auog (9)

[eo21eY) (D)
SNOISNTONI

[ auswvo
O 3°non
O DJwr
al
awQg

WHO4 Q40234 SNIHOD

Figure 6. Coring Field Form

This version of the form was developed for the 2009 field season.
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characterize the advantages that accrue to the earliest settlers (Steinberg 2009; Damiata
and Southton 2010). SASS's work has shown a direct relationship between settlement
order, nearest neighbor distance, and mound size at 1104. Farms settled before ca. 930
tend to be much larger than later farms by several thousand square meters. Later farms
are located much closer to their nearest neighbors, suggesting interdependent
relationships (Figure 5, Figure 13, Table 1) (Bolender and Steinberg 2010; Steinberg,
Bolender et al. [2011]). Additional information about the specific history of each farm is
derived from the Danish census of 1702-1714 (Magnusson and Vidalin 1930), recent
volumes describing the farm-by-farm history of Skagafjorour (Palsson 2001; Palsson

2004), and from the saga literature.

Detailed Field Methods

The main body of the JMC backsaver core, used during the 2009 season, consists
of a polished stainless steel tube forty centimeters long and 1.5 inches in diameter. As the
core is inserted into the ground, the sharpened base slices through the root mat and
underlying layers, loosening a column of soil. Upon removing the core from the ground,
the 40-centimeter soil column is available for inspection and documentation through the
window that spans the length of the tube. Slicing lengthwise through the core with a clean
knife or sharpened trowel edge allows for clear visual and tactile examination of the
layered profile (Figure 1). The sides of the tube are notched every 10 cm, permitting easy
determination of layer depth. The addition of extensions allows the core to penetrate as

deep as 280 cm below ground surface if necessary, as it was in several of the farm
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mounds. Few of the cores examined for the present study required depth beyond 120 cm,
the total depth the core can reach without extensions.

Between consecutive readings at a single point location, the core was cleared and
a handful of grass placed into the hole. Because the motion of the core against the side
walls tends to dislodge soil from higher layers, inserting a grass layer visually separates
the new data from remnants of the higher (now removed) column, increasing the
accuracy of measurements below 40 cm. The local andosols are not generally susceptible
to measurement error caused by soil compression, although in deep cores where the soils
are boggy, up to 20 cm of compression has been observed.

Core locations were recorded with a Trimble GeoXH differential GPS receiver in
ISNET93 coordinates to sub-decimeter post-processed accuracy. Elevations were
recorded to sub-meter accuracy during the 2009 season, but are not always available for
previous years. ISNET (Icelandic Land Survey Network), the national Icelandic geodetic
coordinate system, uses a network of ground stations around the nation's perimeter to
accurately account for the horizontal change of several centimeters each year as the North
Atlantic Rift widens the middle of the island, ensuring that our point locations are
reproducible year-to-year. Locations recorded in UTM coordinates for the first few field
seasons were subsequently converted to ISNET.

In addition to depth of tephra, the depth and thickness of other soil strata were
also recorded. These included root mat/plow zone, aeolian deposit, clay, gley, sand,
gravel, iron pan, and bog/natural turf, as well as cultural strata including midden, low

density cultural deposits, floors, and cultural turf (Figure 6, Figure 8). Cultural turf is
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distinguished from natural turf by color, texture, moisture, and out of order tephra
sequences. Inclusions such as charcoal, peat ash, and diatoms were noted, along with any
observed disturbances, ranging from bulldozing to cryoturbation.

Core survey strategies were developed to best support the goals of each individual
field season between 2001 and 2010. While earlier surveys concentrated in localized
areas near mounds and homefields, the 2009 survey also covered a near-continuous 4-by-
0.5 km strip through five farms in the north and a full-landscape survey of two other
major farms (Reynistadur and Medalheimur) (Figure 2) (Steinberg 2009). The large
number of people involved in the field survey inevitably comprised a wide range of
recording techniques (from precisely descriptive to highly interpretive), sampling
strategies, skill levels, and even equipment: data collected with backsaver cores, Oakfield
peat cores, hand augers, and electric augers were all included in the analysis (Steinberg
2001; Steinberg 2002; Steinberg 2007; Steinberg, Damiata et al. 2008; Steinberg 2009).
To pull together the data from so many disparate surveys, the variations in collection
were reconciled into a common scheme to develop a single large database of low-
precision, low-accuracy data at very high resolution. Descriptive colors and textures
from previous years were interpreted into the 2009 categories: for example, "brown
loam™ was reinterpreted as "aeolian deposit.” A large enough sample size, which 1865

cores comprises, can overcome these limitations to suggest meaningful trends.
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Simulating Tephra Isochrons

Complete tephra sequences in cores are the exception rather than the rule in an
agricultural landscape such as Langholt, which has been actively modified by humans
and animals over the last 1100 years as well as subject to natural processes including
aeolian sedimentation, erosion, cryoturbation, and other soil formation processes. The
most common tephra layer, 1104 (H1), occurred in 616 (33%) of the 1865 cores, while
the 1000 layer was observed in only 85 cores (4.5%) (Table 3). Only 25 cores, or 1.3%,
contained both any member of the landnam sequence and the 1000 tephra, and nine of
the sixteen farms contained no such cores at all. Characterizing soil accumulation during
the 10™ century on the basis of such a small or nonexistent sample size is infeasible. This
posed a serious problem for estimating soil accumulation rates on a landscape scale.

In the absence of other temporal markers in the core stratigraphy, an interpolation
algorithm was developed to simulate isochron depths for the 1300, 1104, 1000, and
landnam tephra layers for each core in the study that lacked those layers (Table 4). The
depth of each core is measured from ground surface to the H3 tephra layer or (in absence
of H3 or H4) to the underlying gravelly glacial moraine or bedrock. The depth of each
existing tephra layer is measured from the ground surface, and the distance between all
existing tephra layers is calculated by subtracting their respective depths. Each of these
depths and distances is expressed as a percentage of the total core depth, and the average
of these percentages is calculated among all the cores for which the tephra layers in
question exist. The depth of a missing tephra layer can then be simulated by calculating

its expected position with respect to the depth of the existing tephra layers that bound it.
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Summary of Tephra by Farm

Table 3.
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For example, to calculate the expected depth of the 1000 layer in a core for which
both the 1104 and landnam layers are present, the average distance between landndm and
1000 expressed as a percentage of the average distance between landndm and 1104 (that
is, the ratio of the average percentages of distances between landnédm to 1000 and
landném to 1104) is multiplied by the observed distance between landndm and 1104, and
the calculated distance from landnam to 1000 is subtracted from the observed depth of
the landnam layer to arrive at a simulated depth for the 1000 layer. In this manner
simulated isochron depths can be calculated for any core, regardless of the number and
distribution of extant layers. When no tephra layers are present, simulated layers are
placed with respect to the total depth of the core. Simulated distances between tephra
layers tend to be smaller than observed distances (3.5 <t < 12.8, p < 0.001), because
cores that lack layers are on average shorter (R>=0.938, p<0.001).

This method therefore implicitly allows erosion to be modeled as soil loss where
tephra layers have been removed, though only as part of the constant background levels
of aeolian deposition and erosion. Momentary erosion events cannot be modeled, though
their effects will be averaged over the years for which tephra layers are lacking. The
power of this method lies in its ability to extract specificity from generalizations:
landscape-scale averages allow simulations to be generated at the appropriate temporal
depth, while the unique structure of each individual core preserves its particular erosional
environment with respect to the isochrons. The general homogeneity of Langholt
supports this strategy, although the results of the analysis suggest that subregional

average depths might increase the fidelity of the simulation.
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To validate the algorithm, its predictions were tested against the actual depth of
tephra layers for cases in which two sequential layers are present. The average (absolute)
error is 7.4 cm with a standard deviation of 8.2 cm and median 4.7 cm. These errors are
large when considered against the expected human error range of 2 cm when reading
depths from the core. The average total error (not absolute value) is -0.4 cm with a
standard deviation of 11 cm and median 0.16 cm. The implication here is that in terms of
the aggregate values with which we are ultimately concerned, positive and negative
errors in reporting and calculating will tend to cancel one another out. Errors of up to 0.5
cm in tephra depth result in errors of less than 0.05 mm/year in accumulation rate during
the Viking Age, or 10%. In short, the range of error in observing, recording, and
calculating tephra depths leads to potentially large errors in estimating accumulation
rates. However, these errors apply to all farms, and the unambiguous trends visible in the
median values inspire confidence that while errors may shift the numerical values, they
will not significantly alter the ultimate conclusions that can be drawn from the data.

The median accumulation rate at each farm during each time period, incorporating
both simulated and observed values, is therefore characteristic and representative of the
microenvironments that comprise the landscape of the farm. Comparing the data from
each individual farm rather than lumping them into groups elides some of the biases that
result from the inconsistencies in sampling strategies employed. To estimate a fairly
continuous profile of accumulation change over time, sufficient to draw some
conclusions about very broad trends and correlations, median rates are taken to

correspond to the midpoint of their associated date range: i.e., the rate shown in Figure 9
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and Figure 10 for A.D. 1202 reflects the calculated accumulation rate between the 1104
and 1300 tephra layers. Figure 8 shows cores near the median depth for each of the five
major farms, including both real and simulated isochrons. Table 4 summarizes the

calculated and observed heights above end-of-core for each tephra layer by farm, while

Table 5 summarizes the accumulation rates.
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Table 4.

Statistics for Observed and Simulated Tephra Isochrons

Heights above base of core are given in centimeters. Continued on next two

pages.
Height of 1300 Height of 1104 Height of 1000 Height of Landnam layer
| Core Depth | Observed Simulated Observed Simulated Observed Simulated Observed Simulated
Geirmundarstadir
N 43 7 43 15 43 3 43 - 43
Minimum 7 10 3.715 2 2 13 1.236 - 0.806
Median 48 35 28.553 19 19 19 13.601 - 9.245
Maximum 93 51 53.568 39 39 32 32 - 21.279
Std. Dev. 21.217 12.526 12.165 10.224 9.791 9.713 7.874 - 5.373
Geitagerdi
N 42 6 41 18 41 1 41 - 41
Minimum 0* 17 2.654 12 2.061 20 1.685 - 1.156
Median 45 32 26.461 22 16.491 20 11.796 - 8.089
Maximum 100 34 63.172 55 55 20 34.002 - 23.112
Std. Dev. 25.909 6.380 15.776 12.385 12.964 - 9.144 - 6.154
Geldingaholt
N 25 8 25 17 25 6 25 6 25
Minimum 20 5 5 9 3.033 6 2.212 5 1.533
Median 55 26 28.725 23 22 15 14.341 8.50 9.245
Maximum 85 45 53.172 45 45 27 38.212 35 35
Std. Dev. 15.670 12.444 13.915 12.408 12.692 8.118 9.391 11.448 7.543
Glaumbeer
N 187 23 187 70 187 11 187 18 187
Minimum 10 0 0 0 0 0 0 1 0
Median 42 20 23.883 17.50 17.316 13 13.481 9.50 9
Maximum 120 45 70.330 65 65 32 40.444 26 27.734
Std. Dev. 16.601 11.415 11.543 12.796 10.062 10.734 7.515 6.488 5.266
Grofargil
N 50 4 48 7 48 1 48 1 48
Minimum 0 20 2.654 6 2.061 25 1.685 17 1.156
Median 40 44 21.229 18.00 16.491 25 13.313 17 8.866
Maximum 100 60 60 27 41.227 25 33.703 17 23.112
Std. Dev. 21.887 16.990 12.611 7.829 9.264 - 7.205 - 5.074
Hafsteinsstadir
N 62 13 62 16 62 - 62 - 62
Minimum 20 8 8 5 4.852 - 3.091 - 2.015
Median 50 33 25.738 19 17 - 13.126 - 8.665
Maximum 90 69 69 53 53 - 32.765 - 21.360
Std. Dev. 13.660 16.586 10.497 11.695 7.702 - 5.301 - 3.609
Halldérsstadir
N 19 1 19 1 19 - 19 - 19
Minimum 10 8 5.307 13 4.123 - 3.370 - 2.311
Median 48 8 25.475 13 19.789 - 16.177 - 11.094
Maximum 76 8 40.336 13 31.333 - 25.614 - 17.565
Std. Dev. 19.709 - 11.184 8.937 - 7.473 - 5.138
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Kjartansstadir

N 84 8 83 36 83 3 83 20 83
Minimum 0 14 7.961 7 6.184 15 4.327 5 2.821
Median 42 29.50 24.106 24 17.316 26 13.481 14 9.245
Maximum 180 40 95.532 66 74.209 31 60.665 47 47
Std. Dev. 27.518 9.620 16.151 13.515 13.151 8.185 10.401 10.886 8.410
Litla-Grof
N 95 7 94 24 94 2 94 3 94.000
Minimum 0 5 2.654 5 2.061 22 1.685 10 1.156
Median 35 36 19.106 26 14.430 23.50 11.796 20 8.089
Maximum 120 47 79.212 65 65.000 25 50.918 50 50
Std. Dev. 25.167 14.081 16.983 17.429 13.547 2121 9.360 20.817 6.998
Marbeeli
N 146 14 145 38 145 2 145 21 145
Minimum 0 2 2 3 1.213 7 0.885 4 0.613
Median 35 19 17.593 17.50 13.605 9 10.111 10 6.934
Maximum 100 83 83 60 60 11 41.058 25 25
Std. Dev. 20.026 20.971 12.847 13.139 10.235 2.828 7.355 5.864 5.045
Medalheimur
N 153 47 153 60 153 16 153 24 153
Minimum 10 5 3.431 5 2.222 0 0 2 0
Median 70 57 40 25 24.736 30.50 18.537 13.50 11.704
Maximum 170 105 105 91 91 85 85 71 71
Std. Dev. 31.717 27.179 24.024 20.360 17.527 22.349 13.270 16.987 10.222
Pafastadir
N 185 23 180 62 180 7 180 56 180
Minimum 0 10 4777 0 0 5 0 0 0
Median 40 25 23.883 22 16.491 13 12.904 9.50 8.551
Maximum 120 64 100.659 90 90 37 55.639 45 45
Std. Dev. 21.539 17.749 15.295 16.615 12.908 11.611 9.380 10.026 7.269
Reynistadur
N 406 73 403 174 403 24 403 37 403
Minimum 0 0 0 0 0 0 0 0 0
Median 67 45 39.119 32.50 25.561 29.50 19.783 10 12.270
Maximum 240 143 156.806 133 133 110 110 70 73.146
Std. Dev. 35.689 30.917 25.289 25.825 21.130 25.595 15.513 18.114 11.059
Stora-Grof
N 167 17 160 42 160 5 160 13 160
Minimum 0 6 1.061 0 0 5 0 0 0
Median 40 32 21.229 19.50 15.082 19 11.796 13 8.089
Maximum 160 86 119.384 97 97 28 59.967 32 39.092
Std. Dev. 30.523 22.131 19.564 22.602 15.828 10.644 10.360 8.278 6.931
Stéra-Seyla
N 112 8 112 17 112 3 112 1 112
Minimum 6 8 3.184 3 2474 4 1.855 15 1.133
Median 44.50 25 23.087 15 16.491 22 13.481 15 9.245
Maximum 130 63 111.949 102 102 25 38.329 15 24.987
Std. Dev. 21.580 19.272 15.594 25.683 13.002 11.358 7.736 - 5.279
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Torfgardur

N 89 10 89 19 89 1 89 4 89
Minimum 8 3 3 3 1.820 23 1.327 2 0.920
Median 50 19 26.537 15 18.965 23 14.155 9 9.707
Maximum 100 62 65.330 60 60 23 37.093 20 24.181
Std. Dev. 22.887 18.135 13.573 14.753 10.830 8.242 8.124 5.692
Total
N 1865 269 1844 616 1844 85 1844 204 1844
Minimum 0 0 0 0 0 0 0 0 0
Median 48 34 26.537 22 18 22 13 11 9.245
Maximum 240 143 156.806 133 133 110 110 71 73.146
Std. Dev. 29.497 25.956 19.935 20.458 15.886 19.670 11.478 12.753 8.219

*A minimum height of 0 means the tephra layer corresponded to the final depth of the core in
at least one core on that farm.

Table 5.  Median Core Depth and Soil Accumulation Rate
Median Median Accumulation Rate (mm/year)

v | R S s [ W w
(cm) 872 1000 1104 1104 1300 2000
Kjartansstadir 57 84 42 10.049 0.331 0.326 0.346 0.308 0.258
Péfastadir 59 185 40 | 0.044 0.331 0.312 0.326 0.272 0.268
Litla-Grof 60 95 35]0.043 0.290 0.273 0.253 0.224 0.235
Stora-Grof 61 167 40 [ 0.043 0.290 0.312 0.289 0.242 0.235
Reynistadur 63 406 67 [ 0.066 0.496 0.523 0.579 0.477 0.355
Geitagerdi 64 42 451 0.042 0.313 0.360 0.477 0.384 0.232
Hafsteinsstadir 71 62 50 | 0.046 0.345 0.363 0.362 0.302 0.280
Geirmundarstadir 72 43 48 | 0.049 0.356 0.414 0.404 0.423 0.302
Grofargil 89 50 40 | 0.045 0.296 0.308 0.289 0.242 0.253
Geldingaholt 102 25 55| 0.049 0.420 0.437 0.481 0.399 0.304
Stora-Seyla 104 112 4451 0.049 0.331 0.340 0.344 0.302 0.298
Torfgardur 106 89 50 [ 0.052 0.364 0.390 0.362 0.314 0.335
Halldérsstadir 109 19 48 [ 0.059 0.397 0.375 0.405 0.338 0.375
Glaumber 111 187 42 10.048 0.331 0.351 0.362 0.308 0.268
Marbeeli 115 146 35(0.037 0248 0.250 0.253 0.212 0.221
Medalheimur 1006 153 70 [ 0.063 0.455 0.515 0.551 0.544 0.429
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CHAPTER 3

RESULTS

Median soil accumulation rates exhibit several distinct trends over time. The first
is an initial fluctuation in soil accumulation rates, followed by a slight but generally
stable decline during the 11™ century (Figure 9). The second clear trend in the data is an
exaggeration of preexisting landscape differences (Figure 10). The dramatic increase
followed by stabilization of absolute soil accumulation rates is thus mirrored by an
equally dramatic increase and stabilization of the difference in soil accumulation rates
between farms. Taking soil accumulation rate as a proxy for land quality, this means that
the most productive farm at landnam becomes even more productive through the Viking
Age, and the least productive farm, while it may experience an absolute increase, appears
poorer in comparison. As soil accumulation rates stabilize, these differences become
fixed, and may be mobilized in the form of rent. Inherent local soil properties are
therefore important for the long-term productivity of the farm and the wealth and status
of its inhabitants in the social hierarchy of the region. Dynamic soil properties — i.e., land
management — are not explicitly detectable, but if present, they do not appear to alter the

overall inherent spatial order of the region.
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Rates are shown at the midpoint of their calculated date range; i.e., the data
points at 1150 reflect the median rate for each farm between 1000-1300, and
the points at 936 reflect median rates between 872-1000. The dotted line
shows the average of all median rates. Accumulation rates are variable and
rising until the mid-11" century, after which rates are more stable and
declining. The major farms addressed in the text are labeled; for farm ID
number correspondences, see Table 1.
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Figure 10. Relative Median Soil Accumulation Rates
Rates are shown relative to the average (dotted line in Figure 9). Differences
in accumulation rate, interpreted as proxies for relative productivity (rent),
are unstable and rising until the mid-11" century, at which point they become
relatively stable. Stabilization of rents sets the stage for institutionalization
of tenancies and social stratification based in rent-seeking. The inset plot is a
large-scale view of relative soil accumulation rates at landnam: rate-ranks are
persistent through time.
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Before landnam, the landscape of Langholt accumulated soil at a rate of about
half a millimeter every decade. Accumulation rates increased after settlement by an order
of magnitude, a response to skyrocketing erosion rates from the highlands as
deforestation, cultivation, and grazing played havoc with environmental conditions. The
increase in accumulation rates was not uniform throughout the region but responded
proportionally to small variations in the prehistoric accumulation rate, such that the
landscape at 1300 had become an exaggeration of the conditions at landnam (R?=0.74,
p=0.0; Figure 9, Figure 10, Figure 11, Figure 12). Differences in median accumulation
rate between neighboring farmsteads increased from millimeters to tens of centimeters

every century, escalating pre-existing, long-term differential trends.

Settlement order and mound size are not well correlated with soil accumulation
rate (R*=0.075, p=0.315 for mound area vs. rate from 872 to 1104; Figure 9, Figure 10,
Figure 13). Higher soil accumulation rates occur on farms clustered in the north and at
the center of the region (Figure 12, Figure 13), and there is furthermore no consistent
correlation within the northern, middle, and southern subregions or within hreppar
between soil accumulation rate and establishment date or mound size (R?<0.5 in the
north, <0.1 in the middle and south, p>0.1 in all cases). This implies that the spatial order
of land quality, whether or not it was apparent during the settlement, was not as important

as other factors in selecting or allocating farmstead locations.
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Subregional spatial clustering of high and low accumulation rates is
temporally persistent.
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The ends and the middle of the region were settled first, then smaller farms
filled the rest of the region. High accumulation rates cluster near the north
and center.
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rates between Reynistadur and Medalheimur and the rest of the region becomes even

more strikingly apparent.

Land Management

Land management practices can alter the dynamic qualities of the soil, and may
therefore diminish or accentuate inherent differences in land quality between farms
(Warkentin 1995; Carter et al. 1997). The coring data shows that persistent differences in
soil accumulation rate are inherent, and correlations between soil accumulation rate and
later wealth suggest that homefield intensification (perhaps via manuring) may have been
insufficient to overcome these incipient differences in productive capacity. Land
management does not appear to significantly diminish inherent environmental
differences. However, the coring data alone cannot suggest whether land management is
effective in accentuating differences — manuring may be more effective at increasing the
productivity of inherently high-quality land than inherently low-quality land. Phosphorus
enrichment data is available that can speak to this possibility.

Bolender (2006) used phosphorus enrichment to describe changing agricultural
practices on Langholt at eight of the sixteen farms included in the current study
(Gréfargil, Stora-Seyla, Torfgardur, Hallddrsstadir, Glaumbeer, Reynistadur, Geitagerdi,
and Hafsteinsstadir). High mean enriched phosphorus values are well correlated with
high median accumulation rates on a per-farm basis for the prehistoric (pre-872),
settlement (872-1104), and medieval periods (1104-1766) (Table 6). Where available,

finer periodization of phosphorus sampling after 1000 does not correlate with
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accumulation rates. Thicker soils, better aerated by a higher input rate of mineral-rich
aeolian-andic deposition, may have more available phosphorus than thinner soils, as
suggested by the high prehistoric correlation between phosphorus and accumulation. The
lack of correlation during the early medieval period corresponds to the mid-11"-century
stabilization of differences in soil accumulation rates between farms (Figure 9, Figure
10). Trends in the phosphorous data show that enrichment strategies generally increased
in intensity after the 11" century (Bolender 2006), further supporting the suggestion that
the 11™ century was a period of change and renegotiation in environmental conditions,
agricultural practices, and political economy. As rents stabilized, soil enrichment
practices became more widespread, perhaps in an attempt to increase the productivity and
value of farmsteads that, whether financially or socially, could not afford to obtain control
over inherently productive land by other means. These strategies may not have been
uniformly effective.

Table 6.  Soil Accumulation Rate and Phosphorus Enrichment Statistics
Significant correlations are in bold font.

Eanc:r?g dihosphorous Accumulation Rate Period | R?> | p (Sig.)
Prehistoric (H3 to 872) H3 to 872 0.687 | 0.021
872 to 1000 0.672 | 0.013

Settlement (LNL to 1104) 1000 to 1104 0.196 | 0.272
872 to 1104 0.41 0.087

1104 to 1300 0.222 | 0.238

Medieval (1104 to 1766) 1104 to 2000 0.519 | 0.044
1300 to 2000 0.539 | 0.038

Early Medieval (1104 to 1300) 1104 to 1300 0.003 | 0.905
Late Medieval (1300 to 1766) 1300 to 2000 0.026 | 0.703

* Bolender 2006
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Bolender 2006). Therefore, in the initial stages of research the current study looked for
aggregate differences in soil accumulation rate and tephra presence/absence on either side
of the historic homefield boundaries, expecting to find the best environmental conditions
for agriculture inside tun boundaries on large, early farms. Few obvious trends in the
data were discernable. Some farms showed significant differences in soil accumulation
rate inside and outside of homefields during all or part of the study period (mean
differences up to 0.3 mm/year, t<3.5, p<0.05): Kjartansstadir, Litla-Grof, Marbeeli,
Pafastadir, Torfgardur, and Reynistadur. Notably, this set of farms is biased in favor of
those for which we have broader landscape coverage and more cores collected in the
outfield than the homefield (Figure 2, Table 1). The same subset of farms, with the
addition of Glaumbeer, shows correlations between homefields and presence of the
landnam and/or 1104 tephra layers (p<.01). Differences in the median soil accumulation
rate between the inside and outside of the homefield on individual farms suggest that, like
overall variability in soil accumulation rate, these differences may have been temporally
consistent, and that ultimately wealthier farms may have been located on more
homogeneous overall landscapes (Figure 16, Figure 17). There is some suggestion here
that later settlers on inherently low quality land may have, first, taken pains to select the
best part of the landscape for their homefield, and second, put more effort into
intensification. These conclusions must be considered tentative until additional data
becomes available, but these preliminary results suggest that the quality of non-
intensified landholdings (outfields, pasture) may play a more important role in farm

productivity than has been previously understood, and it may be important to consider the
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value of these lands as opportunity costs or incentives in the process of land division and

tenancy.
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Figure 16. Farm Mound Area vs. Differential Median Soil Accumulation Rate in
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16a: Pre-Settlement, p=0.076. 16b: Early Viking Age, p=0.052.
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outfields appear persistent, and greater differences may be apparent on farms
established as dependencies. More work is needed.
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CHAPTER 5

CONCLUSIONS

Viking Age Iceland may be the only social context in which we can truly observe
the origins and development of a political economy, from unsettled frontier to dispersed
egalitarian households to exploitative stratification. Political economies are defined as
"the material flows of goods and labor through a society, channeled to create wealth and
to finance institutions of rule” (Earle 2002:1). In order to finance an elite class, there
must be a source of surplus goods and labor beyond that required for household survival.
Iceland's transhumant pastoralism in a marginal agricultural environment was subject to
diseconomies of scale and diminishing marginal returns, which had limited capacity for
surplus production. What, then, was the source of funds that supported the emergence of
an exploitative elite? Subtle differences in soil accumulation rate have suggested that
even very limited surpluses are sufficient to create differential wealth and status.

Tracing the patterns of soil accumulation from the prehistoric period through the
Viking Age has shown that the ultimate source of wealth lies in differences in the
landscape, while the settlement sequence suggests how ways of obtaining this wealth and
status changed over the course of the Viking Age. Social stratification emerged in

concert with rising population pressure and increasing environmental degradation, and
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developed out of the initial patterns of land division. In the initial stage, large,
independent, well-dispersed farmsteads were established under conditions of labor
scarcity and land abundance. These early settlers enjoyed social advantages of primacy,
including the benefits of Viking values such as hospitality and reciprocity — possibly
including differential access to scarce labor. Economic advantages also accrued to early
settlers who selected the highest quality land, but since productivity was limited by labor
availability during these early years, differential rents may have been less important to
status than social factors such as reciprocity (and, perhaps, prestige goods and violent
reputations obtained on Viking raids or trading expeditions).

The second stage of settlement was rooted in the emergence of land shortages and
labor abundance, as environmental degradation accelerated and the population rose. The
ability to increase the productivity of the land became vital, and diseconomies of scale
with decreasing marginal returns to intensification limited the range of possible strategies
and made property subdivision an attractive option. If the new class of dependent
farmers could produce at their own subsistence level, the result would be an increase in
productivity to the parent farm's property at little cost. This turbulent period was
characterized by uncertain differences in soil accumulation rates and productive capacity,
and increasing the positive productivity of the land was becoming more important for
social and economic success. Early farms on less productive land, including Seyla and
Marbeli, may have been at a disadvantage during this period, if the prestige their

inhabitants had enjoyed as hospitable pioneers was no longer valued as highly as quality
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land. Conversely, Reynistadur's access to very high-quality soils ensured continued
success.

All of these processes escalated during the 11" century. Advancing population
pressure made additional subdivision a necessary measure, and maximizing returns from
dependencies required the institution of rent obligations in the form of produce or labor
demands owed to the parent farm in compensation for their loss of outfields or pasture.
The accelerated process of deforestation and overgrazing had largely stabilized, resulting
in relatively stable and evident Ricardian rents, manifested as productive differences
between farm properties. As it became apparent that some farmland was of higher
quality, aspiring stérbondar had an incentive to gain control over these higher producing
farms and claim their high rents through any means possible. Inefficiencies inherent in a
social structure based in rent-seeking led to exploitation, land alienation, increasing
poverty, and eventually, the paradoxical abandonment of even highly productive tenant
properties like Medalheimur.

Inherent, marginal differences in soil deposition rate between farmsteads are,
therefore, sufficient foundation for the development of large differences in wealth and the
emergence of social stratification during the Viking Age on Langholt in Skagafjordur,
Iceland. Institutionalized social inequalities grew out of property institutions of land
ownership and farm subdivision that are subject to exploitation when population pressure
combines with diseconomies of scale to create a surplus labor market. While early farms
with less productive resources may have enjoyed high status for a time, like Marbeli and

Seyla, primacy did not automatically translate to long-term wealth without differential
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access to rents from productive land. Reynistadur, an early farm on very productive land,
had no difficulty maintaining high wealth and status through to the early modern period.
The example of Glaumbeer shows that it was possible to manipulate the existing social
order by leveraging external sources of wealth and status in an effort to attain high-
quality land — part of a pattern of exploitative rent-seeking which, in this case,
compromised Medalheimur's potential future as a high-status farm and made Glaumbeer
the second-wealthiest farm in the region.

Differences in land quality are inherent, apparent, and persistent, and while
primacy and (perhaps) trade are valid alternate sources of status and wealth in the short
term, in the long term these are unsustainable unless they can be converted into good,
deep, productive agricultural land. This quality land can be obtained either by choosing
the first land wisely or by gaining control over good land via exploitative rent-seeking
behavior. Small differences in soil accumulation rate lead to large differences in
farmstead wealth and status in the Viking Age on Langholt. Social stratification became
fixed as differences in agricultural productivity became apparent in this environmentally

marginal, declining landscape. He wins, who controls the best land before the world ends.
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AFTERWORD:

Future Work and Implications

As with all archaeological and scientific research, attempting to answer one
question has led to several others. This data set in particular is so large and versatile that
many avenues of data manipulation and statistical analysis remain untried. Furthermore,
exploration of the theoretical possibilities of a data set that speaks to the origins and
creation of wealth has only begun. In many ways the most difficult part of this thesis was
pausing the analysis in order to write up the results.

The first and most obvious step is to acquire additional cores. Broader landscape
coverage on all farms, in particular those where coring was concentrated close to mounds
and homefields, should allow for better characterization of the relationship between
homefield enrichment strategies, productivity, and the quality of outfields and pastures.
Additional coring will also increase the strength of comparison between farms, and
geostatistical cluster analysis will be more significant with broader landscape coverage.
On farms where data is missing such as Sydra-Skordugil and Holtsmuli, more cores may
provide a better understanding of the relationship between farms. In particular, Sydra-
Skordugil was established ca. 930 during the first round of farm division and is nearly

equidistant from Marbeli and Seyla; characterizing its soil accumulation rate could have
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very important social implications. A Dr. Robert W. Spayne Research Grant, awarded by
the University of Massachusetts Boston Graduate Student Assembly, will be put towards
this purpose in summer 2011. In addition to new data, subsampling and smoothing
protocols could be used to ensure that no farms or environmental zones are oversampled.

Other avenues of research suggested themselves over the course of this study, and
may be returned to after the data set is complete. These include fully utilizing the power
of ArcGIS's spatial statistics packages to look more closely at local environmental trends
in soil accumulation, to consider the effect of topographic variables such as slope and
aspect, as well as a closer look at the local impact of erosion events that may remove soil
from Langholt. The tephra simulation algorithm should be run individually for the
northern, middle, and southern subregions of Langholt. Directional distances to the
mound center could reveal patterns of soil accumulation in Viking Age homefields of
unknown, non-uniform shape and extent, perhaps making homefield management
practices more visible. Preliminary analysis has suggested that erosion may be inferred
from soil cores by correlating missing tephra layers with shallow soils, in dry areas not
subject to turf cutting, and Voronoi statistics further suggest that temporal continuity in
accumulation and encroaching erosion fronts can be modeled within subfarm
microenvironments.

The coring data should be more strongly integrated with other archaeological
datasets, including faunal, material culture, and botanical analyses as indicators of status,
as well as soil chemistry analysis to verify the correspondence between soil accumulation

rate and soil quality. Farm mound volume could be incorporated into the study by using
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the depth of cores taken during the mound survey. Similarly, an attempt could be made to
trace mound growth over time by using the less common tephra layers to provide a
snapshot of estimated farm population at the time of each isochron, expanding the work
that is already complete for the 1104 layer. Cores in bogs could be surveyed for missing
tephra layers to quantify the temporal and spatial extent of turf-cutting events. Satellite
remote sensing data such as Landsat photography might allow precise correlations
between soil accumulation and vegetation cover. Furthermore, the current research should
be expanded temporally, to include, where feasible, the 1766 layer, to increase our
understanding of the social processes that occurred during the late medieval period amid
ever-increasing poverty, stratification, and environmental decline, against a backdrop of
neglect on the part of absentee monarchs in Europe. Historical data and homefield
fertility measures are more readily available for this period and may provide some
interesting correlations.

Archaeological surveys often find that the investigation of adjacent regions
provides information about interconnections and interfaces, vital to interpreting the
settlement patterns of the initial region (i.e., Feinman and Nicholas 1999). Surveys
elsewhere in Skagafjordur (or, in fact, anywhere in Iceland), particularly of regions
adjoining Langholt, ideally should include landscape-scale coring protocols that can be
compared and appended to the current study. Similarly, if the extent of the rivers that
feed into Langholt could be mapped over time, Viking Age topography could be

correlated with wealth and soil accumulation.
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Settlement pattern studies have relevance to the distribution of land claims and
subsequent subdivision in other archaeological contexts, including the European
colonization of America (e.g., Johnson 2009). Although Iceland is certainly not an ideal
analogue for the Atlantic seaboard — the active presence of Native Americans and the lack
of tephra layers not least — an investigation of relative land quality with respect to
trajectories of wealth formation and property division has the potential to be a fascinating
study into the social relations and political economy of colonial America.

Finally, the study of past anthropogenic environmental change and its social
consequences has important implications for the modern world, as we struggle with the
effects of population pressure, environmental decline, and poverty on a global scale. Our
collective natural resources are no more plentiful than good land in Iceland, and a rent-
seeking attitude of "he who claims the best land, wins," at the expense of all others,
continues to increase the divide between a wealthy elite and the impoverished majority.
Iceland provides no easy answers, but its bounded and simplified example may offer a
blueprint for exploring, and potentially altering, social dynamics that create and

perpetuate institutions of poverty and exploitation.

88



REFERENCES

Adderley, W. Paul, lan A. Simpson, and Orri Vésteinsson

2008 Local-Scale Adaptations: A Modeled Assessment of Soil, Landscape,
Microclimatic, and Management Factors in Norse Home-Field Productivities.
Geoarchaeology 23(4):500-527.

Amorosi, Thomas, Paul Buckland, Andrew Dugmore, Jon H. Ingimundarson, and
Thomas H. McGovern

1997 Raiding the landscape: Human Impact in the Scandinavian North Atlantic. Human
Ecology 25(3):491-581.

Arnalds, Olafur

2004 Volcanic Soils of Iceland. Catena 56:3-20.

2010 Dust Sources and Deposition of Aeolian Materials in Iceland. Icelandic
Agricultural Science 23:3-21.

Arshad, M. A. and S. Martin
2002 Identifying Critical Limits for Soil Quality Indicators in Agro-Ecosystems.
Agriculture, Ecosystems and Environment 88::153-160.

Belcher, J. W., P. A. Keddy, and L. Twolan-Strutt
1995 Root and Shoot Competition Intensity Along a Soil Depth Gradient. Journal of
Ecology 83(4):673-682.

Bolender, Douglas J.

2006 The Creation of a Propertied Landscape: Land Tenure and Agricultural
Investment in Medieval Iceland. Doctoral dissertation, Department of
Anthropology, Northwestern University. University Microfilms International, Ann
Arbor, Ml.

Bolender, Douglas J. and John M. Steinberg

2010 Households, Commons, and Chiefs: The Curious Example of a Non-Extractive
Political Economy from Iceland. Presented at the 109" Annual Meeting of the
American Anthropological Association, New Orleans, Nov. 17-21.

89



Bolender, Douglas J., John M. Steinberg, and E. Paul Durrenberger

2008 Unsettled Landscapes: Settlement Patterns and the Development of Social
Inequality in Northern Iceland. In Economies and the Transformation of Landscape,
Lisa Chiggett and Christopher A. Pool, eds., pp. 217-238. AltaMira Press, Lanham,
MD.

Buchanan, James M.
1983 Rent Seeking, Noncompensated Transfers, and Laws of Succession. Journal of
Law and Economics 26(1):71-85.

Buckland, Paul C., Kevin J. Edwards, J.J. Blackford, Andrew J. Dugmore, Jon P. Sadler,
and Gudran Sveinbjarnardottir

1995 A Question of Landnam: Pollen, Charcoal and Insect Studies on Papey, Eastern
Iceland. In Ecological Relations in Historical Times: Human Impact and
Adaptation, Robin A. Butlin and Neil Roberts, eds., pp. 245-264. Blackwell,
Cambridge, MA.

Bush, J. K. and O. W. van Auken

1991 Importance of Time of Germination and Soil Depth on Growth of Prosopis
glandulosa (Leguminosae) Seedlings in the Presence of a C4 Grass. American
Journal of Botany 78(12):1732-17309.

Byock, Jesse
2001 Viking Age Iceland. Penguin: New York.

Carter, M. R., E. G. Gregorich, D. W. Anderson, J. W. Doran, H. H. Janzen, and F. J.
Pierce.

1997 Concepts of Soil Quality and Their Significance. In Soil Quality for Crop
Production and Ecosystem Health (Developments in Soil Science 25), E. G.
Gregorich and M. R. Carter, eds., pp. 1-20.

Caseldine, Chris and Ralph Fyfe
2006 A Modelling Approach to Locating and Characterising EIm Decline/Landnam
Landscapes. Quaternary Science Reviews 25(5-6):632-644.

Childe, V. Gordon
1951 Man Makes Himself, revised from the 1936 edition. Mentor, New York, NY.

Damiata, Brian N. and John Southton

2010 Results of AMS Dating and Stable-Isotope Analyses of Animal Bone Samples
from the Skagafjordur Archaeological Settlement Survey, Northern Iceland. Cotsen
Institute of Archaeology: Unpublished Technical Report.

90



Drennan, Robert D. and Christian E. Peterson

2004 Comparing Archaeological Settlement Systems with Rank-Size Graphs: A
Measure of Shape and Statistical Confidence. Journal of Archaeological Science
33:533-549.

Dugmore, Andrew J., Douglas M. Borthwick, Mike J. Church, Alastair Dawson, Kevin J.
Edwards, Christian Keller, Paul Mayewski, Thomas H. McGovern, Kerry-Anne
Mairs, and Gudrun Sveinbjarnardottir

2007 The Role of Climate in Settlement and Landscape Change in the North Atlantic
Islands: An Assessment of Cumulative Deviations in High-Resolution Proxy
Climate Records. Human Ecology 35:169-178.

Dugmore, Andrew J. and Paul Buckland

1991 Tephrochronology and Late Holocene Soil Erosion in South Iceland. In
Environmental Change in Iceland: Past and Present, J. K. Maizels and C.
Caseldine, eds., pp. 147-159. Kluwer Academic, Dordrecht, the Netherlands.

Dugmore, Andrew J., Mike J. Church, Paul C. Buckland, Kevin J. Edwards, lan Lawson,
Thomas H. McGovern, Eva Panagiotakopulu, lan A. Simpson, Peter Skidmore, and
Gudrun Sveinbjarnardottir

2005 The Norse Landnéam on the North Atlantic Islands: An Environmental Impact
Assessment. Polar Record 41(216):21-37.

Dugmore, Andrew J., Mike J. Church, Kerry-Anne Mairs, Thomas H. McGovern,
Anthony J. Newton, and Gudrin Sveinbjarnardottir

2006 An Over-Optimistic Pioneer Fringe? Environmental Perspectives on Medieval
Settlement Abandonment in Porsmérk, South Iceland. Dynamics of Northern
Societies: Proceedings of the SILA/NABO Conference on Arctic and North Atlantic
Archaeology, Copenhagen, May 10-14, 2004. Vol. 44: pp. 335-345. Aarhus
University Press, Copenhagen, Denmark.

Dugmore, Andrew J., Mike J. Church, Kerry-Anne Mairs, Thomas H. McGovern, Sophia
Perdikaris and Orri Vésteinsson

2007 Abandoned Farms , Volcanic Impacts , and Woodland Management: Revisiting
bjorsardalur, the “Pompeii of Iceland.” Arctic Anthropology 44(1): 1-11.

Dugmore, Andrew J., Gudruan Gisladottir, lan A. Simpson, and Anthony Newton
2009 Conceptual Models of 1200 years of Icelandic Soil Erosion Reconstructed Using
Tephrochronology. Journal of the North Atlantic 2:1-18.

Dugmore, Andrew J., Anthony J. Newton, Gudrun Larsen, and Gordon T. Cook
2000 Tephrochronology, Environmental Change and the Norse Settlement of Iceland.
Environmental Archaeology 5:21-34.

91



Durrenberger, E. Paul

1998 Property, State, and Self-Destruction in Medieval Iceland. In Property in
Economic Context, Robert C. Hunt and Antonio Gilman, eds., pp. 171-188.
University Press of America, Lanham, MD.

Earle, Timothy

1998 Property Rights and the Evolution of Hawaiian Chiefdoms. In Property in
Economic Context, Robert C. Hunt and Antonio Gilman, eds., pp. 89-118.

2002 Bronze Age Economics. Westview Press, Cambridge, MA.

Engels, Friedrich
1884 The Origin of the Family, Private Property and the State. Reprinted 2010 by
Penguin, New York, NY.

Feinman, Gary M. and Linda M. Nicholas

1999 Reflections on Regional Survey: Perspectives from the Guirun Area, Oaxaca,
Mexico. In Settlement Pattern Studies in the Americas: Fifty Years Since Vird,
Brian R. Billman and Gary M. Feinman, eds., pp. 172-190. Random House, New
York, NY.

Fridriksson, Sturla
1972 Grass and Grass Utilization in Iceland. Ecology 53(5):785-796.

Gilman, Antonio

1981 The Development of Social Stratification in Bronze Age Europe. Current
Anthropology 22:1-23.

1995 Prehistoric European Chiefdoms: Rethinking "Germanic™ Societies. In
Foundations of Social Inequality, T. Douglas Price and Gary M. Feinman, eds., pp.
235-251. Plenum Press, New York, NY.

Goldberg, Paul and Richard 1. MacPhail
2006 Practical and Theoretical Geoarchaeology. Blackwell, Malden, MA.

Gronvold, Karl, Niels Oskarsson, Sigfas J. Johnsen, Henrik B. Clausen, Claus U.
Hammer, Gerard Bond, and Edouard Bard

1995 Express Letter: Ash Layers from Iceland in the Greenland GRIP Ice Core
Correlated with Oceanic and Land Sediments. Earth and Planetary Science Letters
135:149-155.

92



Gudbergsson, Grétar

1975 Myndun mdajardvegs i Skagafirdi [Soil formation in Skagafjordur]. Journal of
Agricultural Research in Iceland 7(1-2):20-45 (English summary).

1996 [ nordlenskri vist. Um grodur, jardveg, blskaparlég og ségu [The influence of
human habitation on soil and vegetation in three counties in North Iceland.]
Icelandic Agricultural Science 10:31-89 (English summary).

Halstead, Paul and John O'Shea
1989 Bad Year Economics: Cultural Responses to Risk and Uncertainty. Cambridge
University, Cambridge, UK.

Herrick, Jeffrey E.
2000 Soil Quality: In Indicator of Sustainable Land Management? Applied Soil
Ecology 15:75-83.

Hunt, Robert C.

1998 Properties of Property: Conceptual Issues. In Property in Economic Context,
Robert C. Hunt and Antonio Gilman, eds., pp. 7-28. University Press of America,
Lanham, MD.

Iversen, Johannes
1941 Landnam i Danmarks stenalder [Landnam in the Danish stone age]. Danmarks
geologiske undersdgelse 11(66):1-68.

Johannesson, Bjorn
1960 The Soils of Iceland. University Research Institute Dept. of Agriculture, Reports:
Series B — No. 3. Reykjavik, Iceland.

Johnsen, J. )
1847 Jaroatal a Islandi [Survey of Farms in Iceland]. Copenhagen, Denmark.

Johnson, Allen W. and Timothy Earle
2000 The Evolution of Human Societies: From Foraging Group to Agrarian State. 2™
Edition. Stanford University Press, Stanford, CA.

Johnson, Katharine M.
2009 "That Charm of Remoteness:" A Study of Landscape Stability in Little Compton,
Rhode Island. Master's thesis. On file, University of Massachusetts Boston.

Karlen, D. L., M. J. Mausbach, J. W. Doran, R. G. Cline, R. F. Harris, and G. E.
Schuman

1997 Soil Quality: A Concept, Definition, and Framework for Evaluation (A Guest
Editorial). Soil Science Society of America Journal 61:4-10.

93



Karlsson, Gunnar
2000 Iceland's 1100 Years: History of a Marginal Society. Mal og Mennig, Reykjavik,
Iceland.

Krueger, Anne O.
1974 The Political Economy of the Rent-Seeking Society. The American Economic
Review 64(3):291-303.

Kunz, Keneva (translator)

1997 The Vinland Sagas: The Saga of the Greenlanders and The Saga of Erik the Red.
In The Sagas of Icelanders, Jane Smiley, ed. Viking Penguin: New York, pp. 626-
676.

Larsen, Gudran and Jon Eiriksson
2008 Holocene Tephra Archives and Tephrochronology in Iceland — A Brief Overview.
Jokull: The Icelandic Journal of Earth Sciences 58:229-250.

Lowe, D.J., R. M. Newnham, B.G. McFadgen, and T.F.G. Higham
2000 Tephras and New Zealand Archaeology. Journal of Archaeological Science
27:859-870.

MacEwan, R. J.

1997 Soil Quality Indicators: Pedological Aspects. In Soil Quality for Crop Production
and Ecosystem Health (Developments in Soil Science 25), E. G. Gregorich and M.
R. Carter, eds., pp. 143-166.

Magnusson, Arni and Pall Vidalin
1930 Jardabok Arna Magnussonar og Pals Vidalins I-X111. Hid islenska fredafélag,
Copenhagen, Denmark.

Mairs, Kerry-Anne, Mike J. Church, Andrew J. Dugmore and Gudrun Sveinbjarnardottir
2004 Degrees of Success: Evaluation the Environmental Impacts of Long-Term
Settlement in South Iceland. In Dynamics of Northern Societies: Proceedings of the
SILA/NABO Conference on Arctic and North Atlantic Archaeology, Copenhagen,
May 10-14, 2004, pp. 365-373. PNM Studies in Archaeology & History 10.
Aarhus University Press, Copenhagen.

94



McGovern, Thomas H, Orri Vésteinsson, A Fridriksson, Mike Church, lan Lawson, lan
A. Simpson, Arni Einarsson, Andy Dugmore, Gordon Cook, Sophia Perdikaris,
Kevin J. Edwards, Amanda M. Thomson, W. Paul Adderley, Anthony Newton,
Gavin Lucas, Ragnar Edvardsson, Oscar Aldred, and Elaine Dunbar

2007 Landscapes of Settlement in Northern Iceland: Historical Ecology of Human
Impact. American Anthropologist 109(1): 27-51.

Oldfield, Frank and D.C. Statham

1963 Pollen-Analytical Data from Urswick Tarn and Ellerside Moss, North Lancashire.
New Phytologist 62(1):53-66.

Oskarsson, Hlynur, Olafur Arnalds, J6n Gudmundsson, and Grétar Gudbergsson

2004 Organic Carbon in Icelandic Andosols: Geographical Variation and Impact of
Erosion. Catena 56:225-238.

Page-Dumroese, Deborah, Martin Jurgensen, William Elliot, Thomas Rice, John Nesser,
Thomas Collins, and Robert Meurisse

2000 Soil Quality Standards and Guidelines for Forest Sustainability in Northwestern
North America. Forest Ecology and Management 138:445-462.

Palsson, Hermann and Paul Edwards, translators
1972 The Book of Settlements: Landndmabdk. University of Manitoba Press,
Winnipeg, MB, Canada.

Palsson, Hjalti

2001 Byggoasaga Skagafjardar: Il Bindi Stadarhreppur — Seyluhreppur [Settlements of
Skagafjorour: Volume I1]. Soégufélag Skagafirdinga, Saudarkrdki, Iceland.

2004 Byggoasaga Skagafjardar: 111 Bindi Lytingstadahreppur [Settlements of
Skagafjoraur: Volume I11]. Ségufélag Skagafirdinga, Saudarkroki, Iceland.

Pennock, D. J.

1997 Effects of Soil Redistribution on Soil Quality: Pedon, Landscape, and Regional
Scales. In Soil Quality for Crop Production and Ecosystem Health (Developments
in Soil Science 25), E. G. Gregorich and M. R. Carter, eds., pp. 167-186.

Rapp, George (Rip), Jr., and Christopher L. Hill
1998 Geoarchaeology: The Earth-Science Approach to Archaeological Interpretation.
Yale University Press, New Haven, CT.

Rhoton, F. E. and D. L. Lindbo

1997 A Soil Depth Approach to Soil Quality Assessment. Journal of Soil and Water
Conservation 52(1):66-72.

95



Ricardo, David
1817 Principles of Political Economy and Taxation. Reprinted 2006 by Cosimo., New
York, NY.

Scudder, Bernard (translator)
2005 The Saga of Grettir the Strong. Penguin, New York, NY.

Sigfusson, Bergur, Sigurdur R. Gislason, and Graeme |. Paton
2008 Pedogenesis and Weathering Rates of a Histic Andosol in Iceland: Field and
Experimental Soil Solution Study. Geoderma 144:572-592.

Sigfusson, Bergur, Graeme I. Paton, and Sigurdur R. Gislason

2004 Soil Carbon Fluxes During Leaching of a Histic Andosol, Iceland — Evaluation of
Scale and Sampling Techniques (Abstract). In Rala Report no. 214: Volcanic Soil
Resources in Europe: COST Action 622 Final Meeting: Abstracts, Hlynur
Oskarsson and Olafur Arnalds, eds., p. 90. Agricultural Research Institute,
Reykjavik, Iceland.

Sigurdsson, Jon Vidar

1999 Chieftains and Power in the Icelandic Commonwealth, Jean Lundsker-Nielsen,
translator. The Viking Collection: Studies in Northern Civilization, Vol. 12.
Odense University Press, Odense, Denmark.

Sigurgeirsson, Magnus A.

2001 Archaeological Research in Skagafjordur, North Iceland: Tephrochronological
study — Preliminary Report.

2009 Archaeological Research in Skagafjorour, Summer 2009: Tephra Layers. In
Reports of the Skagafjorour Archaeological Settlement Survey 2009, John
Steinberg, ed. University of Massachusetts Boston
<http://www.fiskecenter.umb.edu/SASS>.

Simpson, lan A., W. Paul Adderley, Gardar Gudmundsson, Margret Hallsdéttir, Magnus
A. Sigurgeirsson, and Mjoll Snaesdottir

2002 Soil Limitations to Agrarian Land Production in Premodern Iceland. Human
Ecology, 30(4):423-443.

Simpson, lan A., Gardar Gudmundsson, Amanda M. Thomson, and Jonathan Cluett

2004 Assessing the Role of Winter Grazing in Historic Land Degradation,
Myvatnssveit, Northeast Iceland. Geoarchaeology: An International Journal
19(5):471-502

96



Smith, Kevin P.
1995 Landnam: The Settlement of Iceland in Archaeological and Historical
Perspective. World Archaeology 26(3):319-347.

Soélvason, Birgir T. Runolfsson

1991 Ordered Anarchy, State, and Rent-Seeking: The Icelandic Commonwealth, 930-
1262. Doctoral dissertation, Department of Economics, George Mason University.
<http://notendur.hi.is/bthru/ritgerd.htm>

Steinberg, John M.

1996 Ploughzone Sampling in Denmark: Site Signatures from Disturbed Contexts.
Antiquity 70(268):368-392.

2004 Note on Organic Content of Turf Walls in Skagafjordur, Iceland. Archaeologia
Islandica 3:61-70.

2006 A Political Economy from Increasing Marginal Returns to Labor: An Example
from Viking Age Iceland. In Labor in Cross-Cultural Perspective, E. Paul
Durrenberger and Judith Martin, eds., pp. 217-243. AltaMira Press, Lanham, MD.

Steinberg, John M. (editor)

2001 Interim Report of the Skagafjordur Archaeological Settlement Survey 2001.
Cotsen Institute of Archaeology, UCLA <http://www.fiskecenter.umb.edu/SASS>.

2002 Report of the Skagafjordur Archaeological Settlement Survey 2002. Cotsen
Institute of Archaeology, UCLA <http://www.fiskecenter.umb.edu/SASS>.

2007 Reports of the Skagafjorour Archaeological Settlement Survey 2007. University
of Massachusetts Boston <http://www.fiskecenter.umb.edu/SASS>.

2009 Reports of the Skagafjorour Archaeological Settlement Survey 2009. University of
Massachusetts Boston <http://www.fiskecenter.umb.edu/SASS>.

Steinberg, John M. and Douglas J. Bolender

2005 The Skagafjordur Archaeological Settlement Survey: Methodology and results of
the first two years. Arbok hins islenzka fornleifafélags.

2010 Hospitality, Debt, and Land Tenure in Viking Age Iceland. Presented at the 109"
Annual Meeting of the American Anthropological Association, New Orleans, Nov.
17-21.

Steinberg, John M., Douglas J. Bolender, and Brian Damiata

[2011] Multistage Geophysical Investigations on Viking Age Buried Landscapes in
Iceland: The Methods and Results of the Skagafjorour Archaeological Settlement
Survey. American Antiquity.

97



Steinberg, John M., Brian Damiata, and Douglas J. Bolender (editors)

2005 Report of the Skagafjordur Archaeological Settlement Survey 2005. University of
Massachusetts Boston <http://www.fiskecenter.umb.edu/SASS>.

2008 Reports of the Skagafjorour Archaeological Settlement Survey 2008. University of
Massachusetts Boston <http://www.fiskecenter.umb.edu/SASS>.

Sveinbjarnardéttir, Gudrun, lan A. Simpson, and Amanda M. Thomson
2008 Land in Landscapes Circum Landnam: An Integrated Study of Settlements in
Reykholtsdalur, Iceland. Journal of the North Atlantic 1:1-15.

Thompson, A. L., C. J. Gantzer, and S. H. Anderson
1990 Topsoil Depth, Fertility, Water Management, and Weather Influences on Yield.
Soil Science Society of America Journal 55(4):1085-1091.

Thomson, Amanda M., and lan A. Simpson
2007 Modeling Historic Rangeland Management and Grazing Pressures in Landscapes
of Settlement. Human Ecology 35:151-168.

Troeh, Frederick R. and Louis M. Thompson
2005  Soils and Soil Fertility, 6 edition. Blackwell, Ames, IA.

Trigg, Heather B., Douglas J. Bolender, Kathryn A. Catlin, Joanna E. Curtis, Susan A.
Jacobucci, and John Steinberg

2009 Report of the Skagafjordur Archaeological Settlement Survey 2009: Using Pollen
to Assess Local Environmental Variation during the Viking Age in Skagafjordur,
Iceland. University of Massachusetts Boston
<http://www.fiskecenter.umb.edu/SASS>.

Trigg, Heather B., Douglas J. Bolender, Katharine M. Johnson, Marisa D. Patalano, and
John M. Steinberg

2009 Note on Barley Found in Dung in the Lowest Levels of the Farm Mound Midden
at Reynistadur, Skagafjordur Iceland. Archaeologia Islandica 7:64-72.

Vésteinsson, Orri

2000 The Archaeology of Landndm: Early Settlement in Iceland. In Vikings: The
North Atlantic Saga, William W. Fitzhugh and Elisabeth I. Ward, eds. Smithsonian
Institution Press, Washington, DC, pp. 164-174.

Vésteinsson, Orri, Thomas H. McGovern, and Christian Keller

2002 Enduring Impacts: Social and Environmental Aspects of Viking Age Settlement
in Iceland and Greenland. Archaeologia Islandica 2: 98-136.

98



Warkentin, Benno P.
1995 The Changing Concept of Soil Quality. Journal of Soil and Water Conservation
50(3):226+ (retrieved online from Academic OneFile.)

Zielinski, Gregory A., Paul A. Meyewski, L. David Meeker, Sallie Whitlow, Mark S.
Twickler, M. Morrison, D. A. Meese, A. J. Gow, and R. B. Alley

1994 Record of Volcanism Since 7000 B.C. from the GISP2 Greenland Ice Core and
Implications for the Volcano-Climate System. Science New Series 264(5161): 948-
952.

Zielinski, Gregory A., Paul A. Mayewski, L. David Meeker, Karl Grénvold, Mark S.
Germani, Sallie Whitlow, Mark S. Twickler, and Kendrick Taylor

1997 \olcanic Aerosol Records and Tephrochronology of the Summit, Greenland, Ice
Cores. Journal of Geophysical Research 102(C12): 26,625-26,640.

porgilsson, Ari
1930 Islendingabdk [The Book of the Icelanders]. Volume 20, H. Hermannsson,
translator. Cornell University Library, Ithaca, NY.

Pdrarinsson, Sigurdur

1944 Tefrokronologiska Studier Pa Island: bjorsardalur och Dess Forddelse
[Tephrochronological Studies of Iceland]. Geografiska Annaler 26:1-217.

1971 Damage Caused by Tephra Fall in Some Big Icelandic Eruptions and Its Relation
to the Thickness of the Tephra Layers. Proceedings of the Acta First International
Science Congress on the Volcano of Thera, Athens, pp. 213-236.

99



