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Fig. 1 Location of pipeline route, scale 1:50,000
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Summary

o A fluxgate gradiometer survey was undertaken jor Star FEnergy (East
Midlands) Ltd along the proposed route of a gas pipeline from the Welton
Gathering Centre (Reephamy) to Wragby.

e The survey recorded iraces of ridge and furrow ploughing in u number of
locations. Former field boundaries were also encountered.

Field 7, traces of a possible enclosure were identified,

ﬁ
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e for this is uoi e‘m‘trel ly conclusive.

e Wiith reference io ihe survey resulis alone, the proposed rouie does noi
appear to traverse any major archaeological sites.

1.0 Introduction

Star Energy (East Midlands) Ltd commissioned Pre-Construct Geophysics to
undertake a fluxgate gradiometer survey a along the proposed route of a gas pipeline.
The survey was undertaken as part of an archaeological evaluation of the proposed
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Geophysical Survey in Archaeological Field Evaluation (EH 1995).

2.0 Location and description (Figs. 1-2)

Sections 2 and 3 contain information extracted from an archaeological desk-hased

roposed route (Tann, 2003)

The proposed pipeline extends for approximately 11km and is intended to link an
Transco trunk main at Holton-cum-Beckering (north of Wragby) to the
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existing y) t
Welton Oil uathuung {entre, which lies to north of P\\,\,yham (}JCH\ F0470 7483 —

'F 1340 7941). The route traverses agricultural land through the parishes of

Reepham, Fiskerton, Barlings, Newball, Bullington, Goltho, Rand and Wragby.

The pipeline route starts at the Welton Gathering Centre, south of the Lincoln-Market

Rasen railway line and continues roughiy in an east to north-easterly direction across

nrpdnmInafelv arahle farmland. Gpnprn"v the grov dle JP] rises from ¢.15m QD at
is is interrupted by lower ground
Barlings Fau flows in a south-
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th oil depot to ¢.25m UU at Barn Farm, Wragby. Thi
Sm OD\ alono the Barlin ngs Eau river Valley The
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caster y direction.

The solid geology for the majon*y the route is comprised of Wragby Till, with the
exception of alluvial and river te e deposits which occur immediately wegc,ﬁ rp ;
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Barlings Cau (BGS 102, Market Rasen; 103 Louth, 1999).
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3.0  Archaeological background

The pipeline route has been designed to avoid woodland and to minimise the impact
of the development on known archaeological sites.

The ruins of Barlings Abbey (SMR 53010) lie c. 1.5km to the south of the pipeline
corridor in the western half of the route. The abbey was founded in 1154 and later re-
established on higher ground in Fiskerton Fen.

Beyond the Barlings Eau, the route skirts around the southeastern edge of Newball
Wood, which contains a possible Roman rectangular enclosure (SMR 53054). It then
diverts northwards to avoid direct contact with the (earthwork) remains of Builington
Priory, a scheduled ancient monument (SAM 85). Unfortunately, access to a section
of the route to the north of the priory was not granted.

It 1s believed that traces of a Roman field system and associated roads may lie within
or close to the route to the north of Bullington Priory.

Bullington, a recorded Domesday settlement, was deserted during the medieval
period, and it was excavated in 1970-74 (SMR 51217). The site appears also to have
been occupied during the Roman period. The route passes to the north of this

441 1N M + A
scttlement, before crossing the A158.

The remaining section of the route is relatively free of known archaeological remains,
although 1t is believed that it crosses the course of a Roman road in Rand or Wragby
parish. Also, in 1971, a possible Iron Age ditch was recorded during groundworks for

the existing Transco main. However, the precise location of this feature is not known.

1

by Lindsey Archaeological Services
al artefacts.

A walkover survey carried out in October 2003
identified occasional Romano-British and mediev

4.0  Methodology

Magnetic variation that is detectable within soils can often determine the nature and
extent of past human activity. At British latitudes, the earth’s magnetic field is
approximately 50,000 nanoteslas (The nanotesla is the Sl unit of magnetic flux, used
in gradiometry to measure magnetic variation in relation to the Earth’s magnetic
field). Against this background, most archaeological features produce an enhancement
of around 5-30 nanoteslas (nT). The strength of this magnetic variation depends
largely on the composition of the geology. For example, limestone and chalk exhibits
low magnetic susceptibility, and contrasts well against soils: conversely, strongly
magnetic igneous rocks can mask subtle anomalies completely.

For the most part, soils tend to be more responsive to magnetic remote sensing than
the geologies over which they lie. Ferrous oxides occur naturaiiy-;in’mﬂhy drift ‘
| Tonetnysradkenning |

deposits, particularly those derived from, or containing elements of] ‘ign
Organic decomposition within (opsoils can supplement the lgvel of 'HOHGI8
compounds, a process amplified by agricultural activities.
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The fills of diiches and pits tend to increase soil depihs, and hence magnetic strengihs,
relative to surrounding soils. The converse also applies.

Ferromagnetic substances such as iron induce a very high response to magnetic
surveys, and are thus easier to identify. Perhaps of more significance to the
archaeological prospector are the weaker ferrous oxides; the randomly orientated
magnetic fields of these materials produce minimal magnetic variation in their natural
state. Geology and soil type can determine this variance (see above). Specifically,

clay soils are ferrous oxide rich, hence their characteristic red colouration. Clay has

literaily been a fundamental building block in human social development: firing
increases its versatility, but also enhances the magnetic properties of its ferrous

content. For kilns, this may be in the order of 1000-5000 nT. Similar processes occur
during the formation of igneous rocks.

nvariably, most surveys detect discrete anomalies, either in groups, or randomly
scattered across a site. In the absence of intrusive investigation, the nature and origin
of these anomalies is often difficult to establish. Strongly magnetic dipolar anomalies
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usually reflect ferrous objects, such as ploughshares and horseshoes. Weaker
examples may indicate ceramic materials such as brick and tile, often introduced onto
the site during manure spreading. The strength of the magnetic variation derives from
permutations of the size and depth of the feature/object and the magnetic
susceptibility of thc surrounding soil. Pit-likc anomalics, usually positive, can be
identical to naturally occurring depressions, and the potential of these can only be
estimated when they are examined in context with other factors, such as the proximity

of definite, or suspected archacoiogical remains.

The use of magnetic surveys to locate sub-surface ceramic materials and areas of
burning, as well as magnetically weaker features, is well established, particularly on
large green field sites. The detection of magnetic anomalies requires the use of highly
sensitive instruments, in this instance the Bartington 601 Dual Fluxgate Gradiometer.
This must be accurately calibrated to the mean magnetic value of each survey area.
Two sensors, mounted vertically and separated by 1m, measure slight localised
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distortions of the earth’s magnetic field. Cumulative readings can be stored, processed
and displayed as graphic images.

The gradiometer survey was undertaken on accessible land along an 11km x 30m
wide corridor. that encompassed all accessible and suitable land that lay along the
route between Welton Gathering Station (TF 0470 7483). Each field along the route
has been allocated a unique identification number, which ranged from Field 1
(Reepham) to Field 34 (Wragby). The survey was undertaken from west to east,
although fields were not investigated sequentially owing to delays and access
restrictions.

The survey data has been processed using zero mean functions to correct the

unevenness of the plots in order to give a smoother graphical appearance. The data

was also processed using algorithm to remove magnetic spikes, thereby reducing

extreme readings sometimes caused by stray iron fragments and spurious effects due

{

to the inherent magnetism of soils.

The locations of the surveys have been plotted onto maps at a scale of 1:2500 (Figs 2-' °
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14). The resulis are also plotied as greyscale and trace images at a scale of 1:1250
(Figs 15-27).

For ease of reporting, left to right along each survey plot (Figs 15-27) has been

ast, re ""1dIGSS of the actual orientation of each sur vCy arca.
n categorised and discussed with reference to figures 15-27
A
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Instrument Bartington 601 Dual Fluxgate Gradiometer
Grid size 30m x 30m
Sample interval 0.25m
Traverse interval 1.0m
Traverse method Zigzag
Sensitivity 0.InT
Processing software | Geoplot (v. 3.0)
Area surveyed 9.1km x 30m
Date of survey April-August 2004
Survey personnel David Bunn, Peter Heykoop, Peter Masters

Table 1: Summary of survey parameters

5.0 Analysis and Interpretation of results

References in the following text regarding known archacological sites and the
location of former ficld boundarics arc bascd u nformation provided
First

cs arc bascd upon information 1 pIoVIGCa bjy L:::dscy
Archaeological Services and Edition Ordnance Survey maps.

Fields i-4 (Figs. 2, 3, 15)
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The survey recorded a number of positive magnetic anomalies in Field 1 and the
western end of Field 2 (boxed in green). A broad, deep drain separates these fields
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and it is possible that elements of this variation reflect materials that have been
dredged from the drain, during its construction and/or during maintenance. However,

the route in this area extends across 10W—1y1ug land and is close to a lar ge stream 10
the immediate northwest of the railway. It is more hkelv therefore that these
roato

manmaliag atnrallyy Aawnmnos ala - -1
anomalies reflect Hatuialy dcyusuc xua&uam such p()ul\cm of ferrous rich

minerals, and/or the remnants of peat deposits.
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Moderately strong readings in the northeast corner of the Field 1 (circled 1 Ky
thurectorate

probably indicate 'ncdern ferrous materials. Similar anomalies were recorddd a at t

eastern edge of Field 2 and elsewhere along the route. Typically, ms type of \ianatlon )
indicates ceramic material (e.g. brick and tile) or miscellaneous iron nhjpr‘fs,__cuch asb JAN 2005
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horseshoes and ploughshares. However, it should be noted that weaker anomalies
(dipole and monopole) could also represent naturally occurring glacial erratics within
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linear anomalies were recorded in Fields 2-4. INGeEq,
O
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similar anomalies were encountered along many sections of the route (see below).
Some, particularly the magnetically weaker and closely spaced examples, probably

indicate traces of cultivation, such as ridge and furrow ploughing. Possible examples
O‘Fflﬂb latter ha ve l—\ann hlrrkli U]—\tnri ag Nnranoa ths and nther r\n]tlxraf1r\n Luxks as nlive
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green. Some resolve as magnetically stronger linear anomalies at wider intervals.

These are more characteristic of land drains (examples shown as brown li

However, in certain instances (including Fields 1 -4 ), the resuits do not clearly defin
linear anomalies as traces of cultivation or clav drains
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The survey detected ditch-li 3 the 3
iines). he archaeological significance of these is unclear, but the 'iargcst could signify
a former land division (not depi * i 9

northeastern boundary of t
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A probable service was recorded in the mid point of the field (blue Ii
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Ine).

The sSurvey recorded magnetlc traces of an eX]Stlno farm track that extends along the
western e pdorp of the field ((‘lrnlpd in nin]()
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categonsea accoramg to their likely origins. Regula
inears could reflect ridge and ﬁ rrow (examples shown as oran \ Pem ndicular to
1.

or the most part. maonetic v atmn resolves ag
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k) gh score§ or tramlmeq { ohve green). The survey may also have detected land
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(yellow).

Fields 6-8 (Figs. 2, 5,6, 17)

The survey detected an ili-defined linear anomaly at the western end
possible that this represents an earlier alignment of the drain that ex

PreS o Qialiil

northern edge of the field (Fig. 5).

Land drains and a service account for the majority of magnetic variation ln field” 7‘,

although a curvilinear anomaly at the eastern end possibl y mdlcateq a dltch fnrmmg
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given the limited extent of the anomaly and the magnetic interference of land drains.
A number of potentially significant pit-like anomalies were also recorded (circled in

red).

Drains were detected in Field 8.

Fields 9-12 (Figs. 2,6,7, 18)

In Field 9, a magnetically strong linear anomaly appears to correspond to a former
% = = § 5 & st P . —

field boundary (shown yellow; also depicted on the 1™ edition OS map). The positions

and alignments of probable land drains suggest that this former boundary contains a

drain (shown as brown). Linear anomalies close to the eastern end of the
the bnhndarv and may be traces of a headland (ridege and furrow) and modern

headland (ridge and fu
cultivation (shown as olive green line).

n

Land drains were recorded in Field 10.

Broad linear anomalies were recorded in Fields 11 and 12 (zon

es boxe
These occur along an approximately north to south—ahgned band of River Terrace

AAAAAA 1000\ hhacs w170t A cién -
UepUSub qulPublnE loam, sand and gravel s. G. o 1272 ) These were ucp(}sucu U‘y
tse

a precursor of the Barlings Eau, which lies w1th1n lkm to the east. It seems likely that

+hA ~Alatn 4 1
thc anomalics rclate to alluvial uwyOSuiGu Poss xfy as silt filled pai

g ; a ba
(flanked by fields 15 and 16), and rises beyond the river in led 17. The upper
geology around the Barlings Eau comprises river terrace deposits (see above),

evidence of which was apparent in Fields 13 and 14, where the topsoil included sands,
gravels and flint.

et

During the survey, a scatter of probable Roman pottery sherds was noted in the mid
and eastern parts of Field 14. This may be evidence of occupation, although the
survey results do not confirm this. A zone of random and weak magnetic variation
was recorded in the western half of Field 14 (boxed in red and tentatively flagged as
puwuuau_y blgulub&ut}, but this does not resolve as dmgnmm, traces of human

activity. A lack of potentially significant anomalies may reflect the inherently poor

response of sands and gravels to magnetic prospection.

The potential of a series of diuase and evenly spaced linear anomalies in the mid
s enhanced by the close proximity of artefacts. However, it is more
e cen

featuree cue

likely that recent features, such as cu! vaglon arks or drains,

Linear anomalies at the eastern end of the field align with, a pronamy relate-to, the o

current southern field boundary, possibly as cultiv tiou aks (olive green). || nning |
I :j ;

Anomalies recorded in Field 15 probably reflect recently improved flood defences

(circled in pink) or alluvial deposits \Doxcd n green). 18 JAN 2005 i

Possible rubble spreads were detected in Fi

b \ \ l L




. .‘ .\ .‘ . .

h
J

is enhanced by the presence of what may be a rubble-{illed pit or well that was noted
on land to the immediate north of the survey. The desktop assessment of the route
suggests that quarrying may have taken place in this area (Tann, 2003). The 189
O.S. also shows a pond-like feature to the immediate north of the route. This study
also reports that probable northwest to southeast aligned ridge and furrow has been
identified as cropmarks in field 17. The survey did not detect clear traces of this
activity. At least one extremely diffuse linear anomaly was recorded, although this
aligns from northeast to southwest. 'I'his may indicate a drain or a cultivation mark.

Fields 18-20 (Figs. 2, 8,9, 20)

Northwest to southeast aligned ridge and furrow appears as cropmarks in Field 18.
Again, the survey has not substantiated this evidence. The results do indicate
relatively strong northwest to southeast aligned features, but these almost certainly
resolve as land drains, spaced at c.40m intervals (example shown as brown). More
closely spaced drains were recorded in field 19.

A series of weakly magnetic northeast to southwest-aligned anomalies were detected
in Field 18. These appear to reflect traces of cultivation, possibly plough scores (olive
green).

No clcarly defined significant anomalics were detected in Ficld 20.

Fields 21-22 (Figs. 2,9, 21)

[o—y

The survey detected a probable former field boundary in the mid part of field 2
(yellow line). A group of stronger anomalies in this area probably indicate traces of
this boundary (circled in pink). Distinct linear anomalies in the eastern half of the
field resolve as probable land drains (exampies shown as brown). Faint linear
anomalies are discernable between the land drains. These align with the former
boundary (east to west), and probably indicate cultivation (example shown as olive
green). Strong magnetic variation at the eastern end of the field reflects the close
proximity of a boundary drain.

No clearly defined significant anomalies were detected in Field 22. Most of the
variation probably indicates miscellaneous ceramic and iron objects within the

wlasighonil and Fiald harindas -1 ~r ot | | I paeea—. ntnviala xxrnthin glanial 411
piougnsoii and field boundaries or Ilattlfau_y OCTuITing materiais witnin giaciai: till.

Ficld 23 (Figs. 2, 10, 22)

Three groups of linear anomalies were recorded. The clearest, possibly land drains
were detected in the western half of the field. Others may indicate cultivation,
including possible ridge and furrow. Alternatively, it is
deep sub-soiling passes (up to a depth of 60-70cm) may account for the criss-cross
alignment of the weaker linear anomalies.

aleo nogsible that at least two
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The ground surface was clear of dense vegetation at the time of survey and
archaeologi

cal interest was noted.
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Field 29 (Figs. 2, 11, 23)

Fields 24-28 were not available for survey. Th

s
a Scheduled Ancient Monument (SMR 54188).
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In Field 29, a series of regularly spaced parallel linear anomalies appear to indicate

land drains. These are partially masking weaker linear anomalies that may signify

remnants of ridge and furrow ploughing.

A strong magnetic anomaly in the mid part of the field probabl

ferrous material (circled in pink). At least two pit-like anomalies were detected in this
a

area {circled in red}‘ These mav have archaeglooical sionificance To the east of thege
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the survey recorded a zone of random magnetic variation (boxed in red). This may
indicate recent human activity, such as a storage area for drain backfill material
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(7ciinker). However, given the close proximity of Bullington Priory and a deserted
medieval village (SMR 51217, to the south of Fields 29 and 30), 2 more si i
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origin should not necessarily be discounted.

non i A

d 30, the archaeological potential of this area is high, with a number of
known and suspected settlement remains that date from at least the Romano-British

nn NN
nn, 2uvs ).

A A:fFR and

linsar an

0 & Uiiluse LKiikg ﬁagmented 11330 GL uuGlu?u_y V‘VYQS U eULed =35 .;e LIV L Lem ﬁ ' Of the
survey corridor (red line). Stronger magnetic variation at the eastern end of the field

t
(see below) may be masking traces of its continuation into this area. Its archaeological

potential is unclear, but it does appear to relate to existing boundaries and other

anomalies that were detected in the field. It may represent traces of a former track or
path.

A strong linear anomaly was recorded close to the western boundary (brown line). It
could represent a drain, although its apparent isolation diminishes this interpretation.
Alternatively, it could signify a buried ditch, possibly related to the current field
boundary.

The survey detected a series of linear anomalies and more random variation at the
castern end of the field. The magnetically weaker linear anomalies may be traces of
ridge and furrow or more recent cultivation (olive green). They extend parallel to the

nartharn hanndorms Af tha fiald and tha A1 <8 whinh liag tn tha immadiata ntﬂ—\ T]—\avr
11U1L Lllelll Uuu.uucuy (S EASL 1ICIW QU WU 170, WIHIVEL 1100 WU UiV 1Hunouiale 1ividdl, ll\l_y

also share an alignment with probable land drains (brown lines) that appear to abut, in
perpendicular fashion, a north to south linear feature (shown as yellow). The latter
probably marks the position of a former field boundary, as depicted on the 1891 O.S.
map. This may have been a ditch with drains flowing into it. Random variation in thig
area could indicate material dredged from the drain.

— C . EEg . . § o Highways 8.P
This part of the field also appears to contain a second drainage system; which™is
predominately aligned northwest to southeast. ’7 -

iroantn 4
dreclorate

A

lanning |
=}

—




Field 31 (Figs. 2, 12, 25)

Stronger linear anomalies probably reflect land drains (examples shown as brown).
Weaker examples in the eastern third of the field resolve as probable ridge and furrow
(examples shown as orange). Others (yellow) correspond to former boundaries. It is
interesting to note that the ridge and furrow is confined to the easternmost former

Ll\ald

. : A
Both fields contain traces of ridge and furrow. Unusually, in Field 33, there appears to
b

be two phases of ridge and furrow-like cultivation. Probable land drains were aiso
d

._4

Magnetic variation in the mid part of Field 33 (

former field boundary (O.S., 1891).
Field 34 (Figs. 2, 14, 27)

Strong magnetic variation along the southern edge of the survey was produced by a
metalled track that lies to the immediate south of the route. Other discrete anomali

robably signify miscellaneous ferrous materials.

The resuits inciude a series of diffuse paraliel linear anomalies toward the western and
eastern ends of the field (orange). These may be ridge and furrow or modern dee

cuitivation marks.

At least one ephemeral linear anomaly is discernable in the mid part of the
(shown as red). It does not align with ex1st1ng boundaries and may b

e

archaeological blglﬂﬁC&[iCG A Iluiﬁ()é[ of probable Roman pottery sherds were noted
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The survey did not 1dent1fy any clear traces of direct past human settlement activity.

Areas of ridge and furrow ploughing and a number of former boundaries were

encountered in many fields, in addition to modern land drains.

viviw

proposed pipeline corridor i
mmgr sites lie within the areas thaf were available
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anan pottery sherds were noted in Fields 14 and 3
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Field 34, (

< erineiin N st sasced atase A2 45 Pasd SR T R |
€ Survey did noi record cicar dax tic features in either field.
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