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Sammendrag

In October 2015 @haeological geophysical prospectioas carried ouin the framework of ongoing development of thedustrial estate
at Askollen, Tgsberg komrane. A motorized MIRA GPR system was deployed for the fieldamika total area of 5.4 ha was
investigated. Thiseport includes a technical desctipn, archaeological interpretation and the resulting GPR data imdgegeneral the
surveys provided good result¥he data images are clear and a suffiecient depth penetration for the detection of buried archag

could be achieved. However, very feamains of possible archaeological interest could be detected.
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1 Aims of the survey

In Novenber 2015 the Norwegiannstitute for Qultural Heritage Reseach (NIKU)carried out
geophysical surveys at Askollen, Tgnsberg municipalitpehalf of the archaeology team from
Kulturarv, Vestfold ikeskommuneThe surveys were initiated as part of archaeological evaluations
of the respective ar@. The aim of the survey wae investigate agriculturally used areas by
motorized highresolution ground penetrating radar (GPR). Currently, the further development of the
industrial estate at Askollen is going to affect areas of possible archaeological interest. The
geophysical sweys were carried out to map and interpret all detectable traces of humdnced
activities ranging from single pits and postholes to graves, buildings, cemeteries, settlements and

other manmade structures of archaeological interest prior to further plgry decisions.
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Norskinstiut for Prosjektnummer: 1020666 l
ltminneferioing Kartgrunnlag: Statens kartverk, Geovekst og kommuner

Fig.1: Overview mapthe area at Askollen imarked with the red dotVlap source Statens kartverk,
Geovekst og kommuner.
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Fig.2: Detaiedmap of the survey area at Askoll@gckground mapNorge i bilderGeovekst

2 Survey area

Askollenlies in Tgnsberg municipality, Vestfabunty about 5km nortawest of Tgnsbergfig. 1).
The survey ares situated directly north of the industrial estate at Askollen and directly west of the
E18.Towards the north and west the survey area is deéohiby further arabldand, the area lies
between 11 and 14 m above MSIhe Auliriver is situated about 400 m from the survey aiea
western direction and the survey area is part of the river plain.

No archaeological remains have been previously registdnegttly in that area but severahound
cemeteries and settlement remairfsom the Bronze and Iron Agehave been registered on the
elevated NS ridge to the east of the survey argstp://www.kult urminnesok.noj.

Two separatareas(fig. 2)have been surveyed at AskolleBubarea Al is situated in the southern
corner of the survey aredhe area was recently (after 2012) cortee into acar parkand liesc. 1m
higher than the surrounding ared@he edges of thear parkindicate that the former arable land was
filled up with boulders and gravel in order to create the parkihbe total size of thesurveyed
subarea is 256 nf.
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The larger subarea A has a rather flat surface, only towar@sgtern edge the surface risslightly
towards the E18The area wasultivated in 2015 with two different typesf crop leading to slightly

different surface conditionsThetotal size of the survey area amourits53,763 nf.

3 Methodology

Over he past years geophysical prospection methods have developed to become an indtdpens

set of tools in archaeology ankave seenincreasing popularity. From the numerous available
methods, in particular magnetic prospection, earth resistance and GPRnfymmenetrating radar)
measurements have proven to be of particular use for archaeological applications. These methods
permit the detection and mapping of buried mamade structures by measurement of the physical
properties of the subsurface. In the casé archaeological prospection plications, dedicated
measurement configurations are used for the spatial, gridded sampling with dense sample spacing
for the investigation of several hectares of area in a short period of time. The data analysis and
visualsation is conducted using specially developed processing algorithms and software.

The potential of the methods used is primarily determined by the contrast of the physical properties
of the soil in comparison to the present archaeological structures. FEngoerience, under suitable
conditions the magnetic prospection method is able to detect a diverse range of structures of
archaeological interest (for example pits, postholes, trenches, hearths, furnaces, walls, track ways,
palisade trenches).

GPR prospection can be used to detect stratigraphic interfaces, trenches, pits and post holes,
masoned architecture and stone structures (e.g. walls, hearths, stone lining in post holes) as well as
modern utilities in threedimensions The GPR method care tadverselyaffected by high soil
humidity and soils rich in clay, or in dry climates where the topsoil can be rich in minerals due to
evaporation. While traditional GPR measurements are conducted using single antenna systems, with
coverage rates of some300 square metres per day at 25 cm crossline spacing, modern motorized
surveying systems permit a considerably increased spatial coverage at very deldsespaxing.

Both in the case of magnetic and GPR measurements, a preliminary data analysisbie possite

for quality control and further planning of the survey. For detailed data analysis, powerful computer
and special processing software are used. The visualised data of the individual measurements are
combined in the form of georeferenced imagimt are subsequentlyinterpreted archaeologically
including all available information (e.g. terrain modeksgrial images, previouslyegistered
archaeological remains, soil maps, written sources etc.) in the framework of a Geographical
Information Systm (GIS) by experienced experts. Experiences gained duringlagteyears

throughout the county of Vestfolthave shown that high resolution GPR prospection achieves the
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best results and was thereforéigsen to be used for the investigations at Askallen

3.1 Principles of ground penetrating radar

The GPR method a variant of radar technolodpased on the reflection of electromagnetic waves in
the subsurface. An electromagnetic pulse with maximum amplitfde certain frequencys emitted

into the subsurface using a transmitter antenna. This pulse is travelling through the ground with a
velocity dependent on the traversed material, and it is reflected from individual objects or interfaces
with differing physical properties (i.dielectric permittivity, electric conductivityJhe returning part

of the emitted signalis recorded witha receiver antennaand digitized in form of ao-called
reflection trace When many of these single traces are recorded next to each athegrticd GPR
profile is produced along the line the antennas where movitk changes in signal amplitude and
frequency carry information about the compaosition of the subsurface (soil humidity, porosity, clay
content) and contained structures. The traveltime lo¢ electromagneticsignal is proportional to the
distance of eflecting objects or interfaces.

It is mainly the dielectric permittivity of the medium, its electric conductivity, the radiation
characteristics of the antennassed, and the frequency content of the emitted GPR pulse that
govern its propagation in the subsurface (maximum signal penetration depth, vertical and horizontal
resolution).

The contrast of the dielectric permittivity of two media determines the amounemergy reflected

from objects or at layer interfaces. In the upper soil layers strong reflection coefficients are caused by
changes in the substrate, by strong inhomogenities due to varying soils humidity, and by contained
anthropogenic objects or strugtes (e.g. utilities, foundation walls).

The absorption of the electromagnetic energy transmitted into the ground depends on the
transversed medium (material dependeabsorptionloss). The reduction in signal amplitude of the
transmitted energy pulse depels mainly on the electrical conductivity of the medium and the
travelled distance, with the conductivity being the determining factor for the actual penetration
depth of the electromagnetic pulse. By comparing amplitudes it is possible to differentiess ar
according to their absorption properties.

GPR antennae emitting a low frequency signal (e.g. 1200 MHz) permit a greater depth of
investigation at reduced resolution, due to the longer wavelength of the signal-fidighency
signals (e.g. 8001000 MHz) offetthe greatest resolution, but only limited signadipetration (< 1 m).

GPR antennascommonly used for archaeological prospectidaypically operate wth signal
frequencies betweed00 - 500 MHz, offering penetratiodepths of 1.5 3 m and suitient vertical

resolution.

10
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Material €r o [mS/m] | v [m/ns]
Air 1 0 0.30
Sweet water 81 1 - 300 0.03
Salt water 81 4000 0.03
Dry sand 3-5 0.5-15 |0.13-0.17
Wet sand | 20 — 30 5— 20 0.05 - 0.17
Dry clay 10-50 | 20-200 | 0.08-0.17
Wet clay 2 — 30 10 — 100 | 0.05 — 0.07
Peat 20 — 40 | 100 — 300 | 0.04 — 0.06
Granite 4-6 0.3 -2 0.11 - 0.16
Limestone 4-8 0.1-2 0.1 -0.14
Sandstone 4-12 1-10 0.08 - 0.13

Table 1: Approximate values of the relative dielectric permittivitthe electric conductivity and

the GPR signal velogiv for several common materalmodified fronDavis andAnnan 1989)

In general GPR data aneery substantiahnd contain a large amount of information. The visualisation

of GPR data is commonly realizedtlre form of greyscale images showing the amplitudes of the
recorded signals as a function of space and time.

Within the individual GPR sections, representing vertical cuts through the subsurface, typical
reflection and diffraction patterns of the signals can be observed that are generally very difficult to
interpret. However, the use and visualisationtire form of vertical GPR sections is today rather
uncommon in geophysical archaeological prospection and outdated, with exception of special
applications.

The individual GPR sections collected manually or with motorized survey systems are merged after
the fieldwoik in the computer using specially developed software solutions. Through interpolation a
virtual three-dimensional data volume is generated. If the velocity of the GPR signal in the subsurface
is known or estimated (a value commonly used is a constantitelioe the entire subsurface of 10
cm/ns; however, variations between 5 and 15 cm/ns can be encountered), it is possible to convert
the vertical axis of the data volume from time to depth.

This digital block of data can be cut into horizontal slices, so called GPRlitessor GPR depth
slices. Slices of different thickness can be computedaegcm, 10 cm, 20 cm, 30 cm, 40 cm and 50
cm, averaging variable amounts of information conéal in the data volume.

Using these slices it is possible to map and image archaeological structures that occur at
approximately the same depth, considerably facilitating their archaeological interpretation since the
spatial context becomes clear to tlabserver. By scrolling through a stack of thin GPR depth
time-slices in form of a quick succession of images or an animation, it becomes possible to

understand the spatial extent of structures contained in the data. While the relative depth of

11
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structures imaged using the GPR method is correctly imaged, it should be kept in mind that the
absolute depth of the structures can vasy approximately +/20%due to the lack of knowledge of

the exact GPR signal velocity distribution in the imaged volume.

4 Fieldwork and Equipment

The fieldwork at Askollewascarried out on the 12 and 13" of November 2015 when a total area of
56,219 nf could be surveyed. The survey and weather conditisase good,andonly small areas in

the western part were rather wetausng some difficultiesvhen driving there The driving direction

in the field waschosen along the ploughing direction allowing a faster surveying speédetter
ground contact of the radar antennas. The different types of crop cultivated in the field provided

different surface conditions and therefore small differencas be observeth the GPR data.

4.1 GPRIinstrumentation

A motorized 16channelGPRarray (MIRA 3)has been applied for the fieldwork at Askollen. The
MIRA3 ground penetrating radar system is a higisolution multichannel radar system based on the
MALA Imaging Radar ArrgiMIRA).The GPR array consist8 receiver and 9 transmitter antennas
with a centre frequency of 400 MHz. Transmitters and receivers are mounted in two rows with an
offset of half an antenna width in a ruggedized bBach receiver antennacords the signal of the
two neighbouring tansmitter antennas. The cross line spacing between the resulting a6nels
therefore amountgo 10.5 cm. In total a 178m wide swath of 16 single GPR sections is recorded for
each driven lineTheantenna box is mounted tthe front hydraulics of a Kuta mini tractor (RTV
X900), which allows a floating positiand hencedeal ground contact of the antenna bdxring the
entire survey

Surveys at Askollemere conducted with edtchannel constantly recordind)4ingle measurements
per second leadingp anawerage inline trace spacing of dm depending on the actual iging speed
(usually between 7 and 9 kmyhThe resulting minimum spatial resolution foigtsurvey therefore
amounts t010.5x 4 cm. Each recorded GPR trace is averaged from 4 acimedgured traces (4
stacks) The record time of the systemas setto 70 ns allowingor a maximum penetration depth of

3.5 m (at an assumed GPR signal velocity of 0.1 mir)ggedized industrial computéFANK700)
equipped with software products MIRAsoft (MAG&oscienck NetView (Javadind LoggerVIS (LBI

ArchPro) is mountechithe Kubota minitractor and issed for data acquisition, measurement control

12
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and navigation. The centimetre accuracy for ipogsing and navigation is provided by a Javad Sigma
GNSS system with CPOS subscription

4.2 Processing

A first processing of the GPR data was carried out immediately after fieldwork in order to control for
data qualityand sufficient coverage. Further prosesy and visualization steps were carried out
using the software ArchProSoft, developed2AMGArcheoProspectios® and the LBI ArchPra 3D

data block was created from the individual GPR secti@ims data block was then cut into horizontal

slices (GPRlepth-slices) of 5 cm thickness displayed as greyscale images. A constant GPR signal
velocity of 0.08 m/ns was used for the time depth conversion according to the results of a
hyperbola adaption analysief several single GPR sectiocarried out in Rdéxw, leadingto a
maximum recorded depth of 266m. Due to GPR signal attenuation thereeano more features

visible below a depth af. 130 ¢ 150 cm. It has to be considered that the GPR sigelalcity may vary
throughout different parts of the areatherefore an error of + 20% in thecalculated depth

information is possible.

Fig.3: Crosssection view of survey line 002 / channel 08, showing clear reflection hyperbolas used for
the velocity adaptiomnalysis.

Various common GPR processing stéipace interpolation; bangpass frequeny filtering; spike
removal; dewow filter; averagetrace-removal;, amplitude gain correction; amplitude balancing and
Hilbert transformation) have been applied with different settings prior to the 3D data block
compuation, leading to different result images. Archaeological structures might thezdferclearly
visible in one of these datasetwhereas they could be almosivisible on another one. Tha why

all resulting images need to be analysed and used for the interpretaliba. two subareas were
processed separatelput were eventually combined to produce the final images.

The resulting images werembedded into an ArcMafESRI) geodatabasPataanalysis, archaeo
logical interpretation and the creation of maps were conducted in the framework of the GIS using the

ETRS1989 UTM zone 32N coordinate reference systera spetialArcMap extensiomeveloped for

13
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the archaeological interpretation of gebpsical data (ArchaeoAnalyst, LBI ArchPro).

5 Results
5.1 Modern features

A large number of straight linear features can be obsemi@cross the surveyed area at Askollen.
These features generally appeatra depth between 30 and 130 ¢iout are most distingishable at a

depth ofc. 70 ¢ 90 cm. Most of them show a two way appearance: At a deptht 80 - 40 cm they

show absorbing properties, displayed as white or light grey in the dsiptbs. In the lower slices
they switch to reflective properties displayed in dark grey or black. Due to their appearance and
spatial distribution these features amterpreted asdrainage diches and pipes.

All along the eastern edge a reflective bandco20 m width can be observed running parallel with

the E18 a bit further to the East. Aerial images from 2012 show that this area was affected by road
works for thenew E18andthe reflective band might thereforeepresentmoderndebrisor simply

compacted soil from theoad works.

5.2 Archaeology

Very few features originating from human activities can be obskinethe dataset from Askollen.
These are circular or gpoximately circular features with diametebgtween0.8and2.5m, andare
limited to the southwestern corner of the survey aredhey first show up directly beneath the
plough soilat c. 25 cm depthand some of thenremain visibledownto c. 80 cm however, the larger
number is limited to alepth range ot. 25 ¢ 45 cm.Most of them show absorbing properties in the
depth rangeof approximately 25 35 cm and reflective properties further down. The features are
clearly a disturbance of the natural Eyng in that area and are potentially caused by human
activities Some kind of archaeologicalpits (cooking pit, storage pit, etc.are a conceivable
interpretation. However, other rather recenthuman activities like stone extraction for clearance
purposes couldalsocause suctanomaliesfurthermore these ould have naturalcausedike specific
tree root systems. Irthe case of Askollenan aerial photograph from the 1950s showdcamer
forestexactly in the area with the larger number of tpé-like stuctures indicating that they might

be caused by remaining tree rootsmits derived fronthe removal oftree trunks.

14
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5.3 Paleoenvironmental observations

The larger parts of the survey arshowrather homogeneous subs@tobably caused by thearine
sedimentspresent in the area. In the nortlwestern part of the area the remains of several
palaeochannelgut into the marine sediment can be observed. The large, reflective areas between
the channels are probably caused #gpositsformed by the former creeks or simply display water
logged areas in the landscafrem formermeanderingstreams.

The large reflective band alongside the eastern border of the survey area (described in 5.1 Modern
features) could also be caused by geological processe®rdsion layer originating from the-8
running ridge east of the present day Edfpears to beanother possible interpretation for that

feature.

5.4 Subarea Al
No relevant features could be detected in subareaTlsis simply explained by the rathenodern

filling-up of the areawith stones and gravel. The material reaches a thickness of approxarddm,

due to signal attenuation no features could be detected below this layer.

15
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Fig 4: Overall interpretation map of the surveyed areas at AskoBackground map: Stateksrtverk, Geovekst og kommuner
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