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insidet his issue:
Geophysical innovat ion
Earlier this year we received the fantastic news that our CIfA RO
application had been accepted. The panel's report expressed that
they were impressed with the ?investment in research and
development?and ?the team work and levels of mentoring between
staff at all levels?. This newsletter showcases some of the recent
works and innovations we have been undertaking.
M odu lar Car t Design : On e Syst em Th r ee
m odes
Case St u dies: Com bin ed M ag an d EM Su r veys
GPR: Su r vey In Bu ilt -Up En vir on m en t s

W illiam Rigby, M agnitude
Sur veys' r esident far m er
tur ned ar chaeologist, has
been updating us on the
latest har vest pr ojections.
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Magnit udesur v eys ex pands
Rapid growth of our archaeological survey market, driven by work on
major infrastructure projects has led to the successful development
of additional survey teams. Magnitude Surveys can now field 4
full-time survey teams, capable of collecting a total of 250ha per
week and a 5th team for community and specialist projects. With
the addition of our sales team, we are up to 18 members of staff.

Modul ar Car t Design
Qu ad

Han d-pu lled

Magnitude Surveys recently designed a new modular cart
system. One system can easily be configured to be towed
by quad, pulled by hand, or carried depending on what is
most suitable for the site configuration and conditions.
?The Dragster ?, as it has been affectionately nicknamed by
our staff, consists of a cart frame, which can be removed
and worn as a backpack, if conditions preclude survey with
the wheels. The hand carried system retains all of the
advantages of a cart system because it is still GPS
positioned and the sensors are maintained at a consistent
height. An EM instrument can also be attached for
simultaneous survey, which provides a cost-effective
option for obtaining complementary multi-technique
information. Example case studies of such surveys are
provided on the following pages. Any configuration of The
Dragster utilises a navigation system to guide the surveyor
down regular lines.

ONIONS: HAND CARRIEDADVANTAGE
Earlier in the year, a client enquired if we could undertake a c. 101ha
survey over an area of land which had recently been drilled with an
onion crop. The tenant was happy for the survey to be undertaken
providing no impact was made to the ridges. Normally the broad and
deep furrows of onion cultivation would limit the employment of a
cart-based or traditional handheld gridded surveys. This would mean
that survey would need to be delayed until much later in the year
when the onions were harvested. However, with the hand carried
system, the surveyors were able to walk down the onion furrows and
still collect GPS positioned data of a similar quality to a cart-based
system.

2

OneSyst em: Thr ee modes
Tow ed

Han d-car r ied

Measurements are positioned using an RTK GPS in real
time. This eliminates the need to set out traditional grids
and improves positional accuracy as each measurement
has a real world position. By not setting out, the surveyors
gain a time advantage on site as they can unpack the van
and be collecting data within 15 minutes (following the
completion of a satisfactory dynamic risk assessment!).
Footfall across the site is also reduced using the
navigation system as data are collected in 4m line
swathes. This provides one of the lowest impact
geophysical survey strategies available. The Dragster has
been designed with low impact wheels in a configuration
to further reduce impact in quad-towed survey. The
air-filled bubble wheels have a wide surface area that
reduces point pressure on soft ground, unlike the narrow
wheels of off the shelf equipment. The separation of the
wheels of the Dragster has been designed to be the same
as the quad bike to minimise excess contact with the
ground.

AIRFIELD: QUADTOWEDADVANTAGE
Quad-towed magnetometer surveys offer one of the fastest, high
resolution evaluation methods. Quad surveys are most effective over
large, regularly shaped fields or smaller fields that can be driven
between with the equipment. Earlier in the year, Magnitude Surveys
was commissioned to assess a c. 105ha area of land over a former
airfield. The site provided ideal quad conditions: flat, relatively even
terrain comprised of a few large fields. This site set the record for
most hectares collected by a single quad team in a day: a staggering
23ha! While quad-towed surveys can be employed on smaller areas,
the biggest time advantage is gained on these larger sites.
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CASESTUDIES
Simul t aneous mag and eM in
al l uv ial env ir onment s
We were recently commissioned to undertake a c.
95ha simultaneous magnetometer and deep
electromagnetic induction (EM) survey near the banks
of a major watercourse, following a brief from the
local planning authority. The EM survey was used to
analyse broad-scale changes within the natural soils
and geology and map the presence of any buried
palaeochannels. An EM instrument was selected with
a deeper exploration range (c. 2.2m, 4.2m, and 6.7m).
The magnetometer survey was used to analyse both
broad-scale natural changes across the site and
identify any smaller scale archaeological features. A
quad-towed, cart-based survey, which supported the
magnetometer and EM sensors, was successfully
employed. The EM survey revealed anomalies that
correlated with a drainage system evident in LiDAR
and satellite imagery, along with further responses
that could represent more deeply buried channels
that are less clear or not present in complementary
LiDAR and satellite results. The magnetometer

survey?s total field results were also useful for
mapping shallower superficial deposits. The natural
responses in the magnetometer results are better
correlated with the channels visible in the remote
sensing, as opposed to the deeper changes in the EM
survey. Although the magnetometer and EM results
were targeting different types of features, the
respective results have proven complementary as
many of the archaeological and agricultural features
detected in the magnetometer survey appear to
respect different landform changes identified in the
EM survey, as illustrated in the correlating figure
below.

Did
you k n ow ?
EM m easu r es bot h
appar en t con du ct ivit y
an d m agn et ic
su scept ibilit y
sim u lt an eou sly at
m u lt iple dept h s.
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CASESTUDIES
Combined mag and shal l ow eM Ov er
ear t hwor ks
An EM instrument with a shallower exploration range
(c. 0.5m, 1.0m, and 1.8m) was employed due to the
anticipated shallower presence of any potential
buried remains. The EM survey has responded well to
the earthworks and offers an insight into potential
changes of features with depth, which were not
evident at the ground surface or in correlating LiDAR
data. The magnetometer survey has responded to
some aspects of the earthworks, but this is likely to
represent more of a topographic effect than a
measurable signal of the extant features. Both
surveys have also detected anomalies associated with
natural changes in the soils and geology, as well as
modern activity? although the latter has had more of
an impact on the magnetometer results. The image to
the left shows the c. 1.0m and 1.8 EM apparent
conductivity
interpretations
overlaid
on
the
magnetometer
results.
Disturbances
in
the
magnetometer results appear to be bounded by the
earthwork features, as detected in the EM survey. The
EM survey is also less affected by the presence of
buried services, which have a more blown out effect in
the mag.

This survey sought to complement the existing
understanding of earthwork features within the site,
which are considered to be medieval in origin. The
earthworks were relatively minor and slight in nature,
while the ridge and furrow was generally gently
undulating and broad in nature. A separate
magnetometer and EM survey were undertaken and
have provided distinct, yet complementary, datasets.

This survey sought to assess the presence of former
mining activity on the site. A magnetometer survey was
initially undertaken across the entire site. Based upon
the results of the magnetometer survey, a secondary EM
survey targeted areas of historic mining activity. An EM
instrument with a deeper exploration range was
employed to assess changes of mining features with
depth. The EM survey has responded well to the areas
with known mine entrances and offers an insight into
changes of features with depth. The EM results also
highlight areas of high and low apparent conductivity
over areas of possible pillar and stall mining, which may
indicate areas of back fill and areas of voids. The
magnetometer results have identified responses of
likely modern/industrial origin that may reflect instances
of mine or quarry activity which have not previously
been denoted on mapping. The magnetometer results
identified further responses likely relating to early field
systems and a post medieval farm. The image to the
right shows the EM in phase results, a proxy for
magnetic susceptibility, versus the magnetometer
results, which measures both remanent and induced
magnetic changes.
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Combined mag and deep EM f or
mining appl icat ions

GROUNDPENETRATINGRADAR
Ground penetrating radar (GPR) is a versatile
technique that can be employed in environments that
other techniques, such as magnetometry and EM,
cannot. GPR works in a different way to traditional
geophysical techniques facilitating the identification of
smaller and better defined features. It also has a
greater depth range and resolution at depth than
other geophysical techniques. This makes it effective
over sites that have been landscaped or are
anticipated to have phases of activity at different
depths.
We were recently commissioned to locate a current
ground source heat network that was in need of
replacement. With GPR the location and depth of each
pipe was determined to an accuracy of ~10 cm
allowing for a targeted approach to removal and
replacement without interfering with neighboring

Gr ou n d Sou r ce Heat Net w or k
Did
you k n ow ?
GPR w or k s by f ir in g a
h igh f r equ en cy r adio
pu lse in t o t h e gr ou n d an d
m easu r in g t h e t im e
t ak en f or t h e
r ef lect ion t o
ar r ive.

GPR ov er t ar mac
The nature of GPR allows it to be used in modern
environments, including over paved areas and
indoors. Magnitude Surveys has undertaken
numerous car park surveys in 2018 both on the UK
mainland and over seas. One example shows a
vertical profile through the car park and ground
below. The top of the profile shows the asphalt
surface with a manhole cover producing a 'ringing'

effect down the profile. The ditch of a former field
boundary has been detected between 15-45cm from
the surface. At a much deeper depth, around 1m
deep, the profile of walls have been detected. These
were later excavated and confirmed to be that of a
Roman building. GPR is the only geophysical
technique
that
could
have
located
these
archaeological deposits on site.

Old Field
Bou n dar y

Wall

Wall
Dr ain
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GROUNDPENETRATINGRADAR
GPR f or Gr av e det ect ion and
l ocat ion
The high spatial resolution of GPR also makes it one of
the most effective geophysical techniques for detecting
graves. If the potential for burials is suspected,
Magnitude Surveys would recommend employing a
multi channel, high resolution GPR survey to provide an
effective sampling density of 0.08m x 0.08m. This
system can be paired with an RTK GPS or robotic total
station to further increase positional accuracy. This
allows for the detection of small, discrete features to a
high positional accuracy. When vehicle towed up to 2ha
can be surveyed per day.

GPR f or gar den f eat ur es
and f or mer buil dings
Multi channel radar can be used effectively in
historic gardens to locate both former garden
designs and buried building foundations.
Across the shallow depths of this example, a
faint, yet distinct, trend was identified from
multiple timeslices up to 15cm thick. This
response is produced by subtle changes in the
soil caused by landscaping activities, and given
its characteristic pattern, a historic garden was
identified. Prior to the ornamental usage of this
area, the multi channel radar was successful in
recording more evident structures of former
buildings, c.60cm thick.
In another example, within a similar garden, a
distinct circular anomaly was recorded towards
the layout's centre. It was correlated with a
'fountain' basin based on historic maps.
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UPUPANDAWAY!

Dr oneSUr v eys
Coming Soon - WHat
This means f or you
Magnitude Surveys is currently
planning for visual, thermal
and magnetic sensors on
multi-payload systems. This will
allow for Digital Elevation
Modeling to be incorporated
with the latest in remote
sensing technology. Pilots have
started their training towards
"Permission for Commercial
Operations (PfCO)" and we
expect the first of these to be
online come Autumn 2018.

Communit y
Cal endar
Ju ly 16
Thornton-Le-Street Project.
GPR workshop at a medieval
settlement near Thirsk.
@TLSBigDig

Ju ly 28
Clumber Park Project with
Trent and Peak Archaeology.
Hands-on workshop and
activities at an 18th century
Manor House near Worksop.

Interested in the development of our trials? Please get in touch.

OURSur v eys
SOFAR IN 2018:
1500 HECTARES
104 PROJECTS
3750 KM

ENGAGETHECOMMUNITYINYOUR
DEVELOPMENTPROJECT
Magnitude Surveys can design a bespoke community
element to any project. We offer interactive experiments
to children to explore the basic fundamentals of
geophysics. These are tailored to suit different age ranges.
We also offer hands-on use of different survey kit. This
can be used by participants of all ages and is a fun, social
way to interact with the historic environment. Real time
magnetometry and GPR results can be provided.
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