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SUMMARY
A geophysical survey covering approximately 0.56 hectares was undertaken in two areas
around the enhanced entrance to a natural cave system near Torrin on the Isle of Skye.
Fluxgate gradiometer and earth resistance survey were conducted over a survey grid designed
to assess the potential for metal working and archaeological features associated with the cave
entrance. A separate grid was located approximately 30m to the south west to assess the
potential of a feature provisionally interpreted as a hut circle. The site has a complex and
mixed geology of Cambrian Durness Limestone cut by igneous dykes which outcrop at the
surface. The dykes produced strong negative anomalies in the magnetic data and were also
visible as areas of very high resistance in the electrical data. There are also a number of linear
positive anomalies in the magnetic data, these show as areas of lower resistance in the
resistance survey and are interpreted as the course of old streams. The most prominent of
these appears to have been reused as a track way at some point in the recent past. It leads
directly to the site of a possible shieling which is visible as a surface feature. Both surveys
defined the extent of the visible surface features with gradiometer data indicating a
considerable content of either burnt or magnetic stone amongst the building material. There
were no internal features noted in either of the possible hut circles, although a significant
magnetic response was generated by the area to the south of the cave entrance. This was the
area, adjacent to which, excavations have recovered quantities of kiln lining and metal
working debris. It is likely that the response is related to more of this material although it is
unlikely that it represents in situ deposits. Two other pit like anomalies were noted in the
gradiometer data These anomalies do not correspond with areas of low resistance which
might suggest that they represent deeply buried magnetic features, they are therefore probably
geological in origin.
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1

INTRODUCTION
1.1 Contract Background
The authors were asked to undertake geophysical surveys over the site of an enhanced
entrance to a natural cave system at High Pasture Cave near Torrin on the Isle of Skye.
The survey forms part of a wider community research project investigating the structures
associated with the cave and the landscape surrounding it. The survey was conducted
between 29th April and 5th May and the results will provide targets for trial trenching
during the 2006 excavation season.
1.2 Location and Topography
The site is located 800m south east of Kilbride, Strath on the Isle of Skye and
approximately 6km south west of Broadford on the B8083 (NGR NG 5942 1971). It sits at
60m OD on the lower slopes of Beinn an Dubhaich at the western end of Strath Suardal
which links Loch Slappin and Broadford. The site is sheltered from Loch Slappin to the
south and west by a low limestone ridge, but has a good outlook over Bla Bheinn to the
west, Beinn a Callich to the North and Loch Cill Chriod, in Strath Suardal, to the north
east.
The area under investigation lies in a shallow north east trending valley on undulating
ground. The area is currently used as rough pasture although dispersed cleared areas
indicate that it has on occasion been used for small scale cultivation. There are numerous
rocky outcrops some of which have been added to create clearance heaps whereas others
are incorporated into a number of wall lines and structures which are forming the focus of
the on going excavations.
The cave has been formed in a number of separate phases by the changing passage of a
small stream which sinks approximately 25m south west of the recently discovered cave
entrance.
1.3 Geology and Soils
The area’s solid geology is made up predominantly of Dolomitic Limestone of the
Durness Group. To the south east is an area of Beinn an Dubhaich Granite. Contact
metamorphic effects at the interface of these two rocks have resulted in the formation of
Skarn, a type of marble which is currently quarried at Torrin to the west of High Pasture
Cave. The reactions caused by heat and fluids from the granite passing into the reactive
limestone are also responsible for the formation of magnetite crystals which are present in
the numerous swarm dykes that cross the area.
There are limited drift deposits in the area of the survey where the base rocks outcrop at or
near to the surface. Where present the sub-soils are made up of undifferentiated Karst
clays caused by the dissolution of the underlying limestone.
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High Pasture Cave, near Torrin, Isle of Skye
Figure 1 Location Plan Showing Grid Layout for Survey Area A and B
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1.4 Archaeological Context
The site of High Pasture Cave is situated within a landscape rich in archaeological
remains from all periods. There appear to be two main foci of settlement, with sites
arranged along the length of Strath Suardal and further settlements around the east coast
of Loch Slappin.
1.4.1 Modern
The most recent and intrusive site within the surrounding landscape can be seen in the
Marble quarries at Kilchrist and those still active in Torrin. These activities have left a
suite of remains that range from the quarry site and processing floors to storage buildings
and structures associated with the transportation of the stone to the road heads and
beyond.
1.4.2 Post Medieval
There are several settlements within the area that have clear post medieval origins, both
Torrin and Suisnish show clearly their organised post improvement layouts with crofts set
within individual enclosures. Suisnish is known to have been laid out in 1852 when the
area was cleared to provide land for sheep farming, which is evidenced by the numerous
sheepfolds that can be seen across the area. The boat shelters or nausts ranged around the
coast are also likely to date to this period as the exploitation of the coastal resources
became more important to the subsistence economies. It is likely that the settlements of
Kilchrist, Kilbride, Allt nan Leac, Glen Boreraig and Boreraig also date to the post
medieval period.
Throughout the area there are also the remains of a more dispersed pattern of settlement
and collections of shielings lining the river valleys, identifying the areas of summer
pasture used in the pre improvement period. It is possible that there are also elements of a
medieval or older landscape mixed amongst these remains. There are a number of small
cellular structures dotted throughout the area which have seen little in the way of thorough
investigation. The dating of these features is as yet impossible and it is suggested that they
may be signs of earlier settlement patterns.
1.4.3 Medieval
The identification of medieval remains within the Highland, as has already been
mentioned, can be problematic there are however possible indications of activity in the
area of Kilbride. The finds in 1870 of a hand bell and font associated with foundations in
Kilbride have been suggested as the remains of a chapel dedicated to St. Bridget. Whilst
there remains some doubt over the dedication, documentary and place name evidence does
point to a chapel on or nearby the site. The New Statistical Account suggests that the there
were the ruins of a chapel on the site in 1795; this would indicate a foundation date at
some time in the eighteenth or possibly seventeenth centuries. The occurrence nearby of a
quadrangular standing stone might however point to an early medieval date and is
certainly evidence of an extended period of ritual activity in the area.
1.4.4 Iron Age
Evidence appears to be indicating that activity at High Pasture was at its peak during this
period. In the wider area there are a large number of varied monuments dating to this
period. Amongst these remains are large defensive structures, such as those at Dun Beag
and Dun Mor to the west as well as those at Dun Kearstach and Dun Boreraig to the south.
There are also a number of smaller settlements in the area comprising hut circles and field
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systems and even one site that incorporates a putative souterrain. To this are added the
remains of at least two ‘hut circles’ with a diameter of approximately 15m. Both of these
are found to the south of High Pasture around Allt nan Leac and Glen Boreraig and have
been compared to the monumental roundhouses of Sutherland and Caithness. In addition
to settlement evidence there was a cist, a stone lined burial pit, found near to Kilchrist in
1979. No human remains were recovered from the site and there was no archaeological
recording. It is worth noting that there has been only limited investigation over any of
these sites and the dating is based purely on the apparent form of the monuments.
1.4.5 Bronze Age
Artefacts and sites of this period can be seen lying along Strath Suardal and result in the
main from chance finds made in the late nineteenth century. The most notable of these
was the discovery in 1825 of a cremation urn containing the remains of burnt bone and a
thin copper coin. These finds were made as the foundations of the minister’s house in
Kilbride were being dug and are further evidence of the continued use and ritual
significance of that location.
To the east of Kilbride a Late Bronze Age socketed axe was found in an area known as
Coire Gaireallach. The find was made in 1885 by a Thomas Mackenzie of Applecross,
and was later presented to the National Museum of Scotland. Sadly the exact location in
which the axe was found is now unknown.
In addition to those finds already discussed the remains of several other monuments have
also been identified in the area amongst these is a record for a possible chamber cairn at
Kilbride. When inspected by the Ordnance Survey in 1961 the site survived only as a
mound of stones with no distinct form. It was however first reported as a stone circle and
it has been suggested that the remains were more likely to be those of a kerb or chamber
of a burial cairn a class of monument which can date to either the Bronze Age or Neolithic
periods. There are further stone monuments at Cill Chriosd where there is a stone circle
recorded and at Coire Gaireallach where there is a reported stone setting.
The date and function of these monuments is at present the subject of speculation. The
remains can however be seen as an indicator of continued prehistoric activity in the area
that may date back to the Neolithic period. During the Bronze Age cremations were taking
place and human remains were being deposited. In the Iron Age there was a significant
amount of settlement activity and throughout history the area has seen a further settlement
and the site at Kilbride has retained a level of significance and ritual association. It is
within this context that the remains, currently being investigated at High Pasture Cave,
should be seen.
1.5 Previous Fieldwork
The cave was initially discovered in 1972 by students from the University of London
Speleological Society who produced a detailed survey of the cave system. It was not until
2002 that disturbed animal bone was noted by a local archaeologist and the cave’s
potential realised.
1.5.1 Field Survey
Field Survey, above the surface of what has now been identified as an enhanced entrance
to the natural cave passage, has identified a complex of stone built structures. These
include a circular structure; measuring 10m in diameter, linked to a large U shaped
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enclosure measuring 12m by 13m facing to the south west these are separated by a small
walled cell that has now been shown to be the built entrance to bone passage. Other
surface features include a cleared level platform 20m to the southeast of the enclosures.
The platform has a large boulder wall along its north east and south eastern edges. The
entire complex sits within a wider enclosure measuring approximately 200m north south
by 200m east west. This enclosure and a series of small stone built cells are likely to date
to a later period although to confirm this would requires further excavation. A second
circular enclosure has also been noted 70m to the west of the entrance to the High Pasture
Cave. This is a larger structure measuring approximately 15m in diameter and is cut
through the centre by a later wall.
1.5.2 Geophysical surveys
Geophysical surveys were conducted at the site in December 2004. These comprised a
15m square grid of earth resistance readings, a 30m by 60m area of gradiometer readings
with ground penetrating radar transects being conducted where possible across the same
grid as that used for the earth resistance survey. This work focused on the range of
features surrounding the large U-shaped enclosure but also took in the full extent of the
circular feature and the platformed area to the south west.
The survey aimed to establish a connection between the surface features and the boulder
filled passage under the ground.
The magnetic survey data identified a general area of magnetic enhancement that
corresponded to with the features noted on the surface. Three discrete magnetic anomalies
were noted that were interpreted as representing possible iron working or magnetically
enhanced soils.
The ground penetrating radar survey identified two anomalies within the area of the U
shaped structure that were interpreted as the underground course of the high level passage.
The second anomaly was larger than the first with a better definition and was interpreted
as a possible shaft. These features have been subsequently shown to be located at the point
where shallow karst clays dip sharply. The enhanced entrance not being located.
1.5.3 Trial Excavations
Trial Excavations, have been continuing on a seasonal basis since 2003 when the deposits
in bone passage were first investigated in detail. These excavations have recovered a
sizeable assemblage of animal bone and environmental data along with artifacts and
human remains. Analysis of these deposits is indicating that the site was occupied in the
late Bronze Age with its peak period of use in the early Iron Age; radiocarbon dates from
the animal bone providing a date range from 390 -160BC.
Recent excavations have revealed the full extent of the enhanced cave entrance which is
formed by a series of steps set steeply into rough boulder walls that were corbelled in to
create a covered entrance. This entrance is constructed in a wider deposit that is as yet not
fully understood to the south west of the enhanced entrance, excavations have revealed
upwards of three metres of deposits with features such as multiple hearths and metal
working debris set in to a complex boulder fill. This shows the recently discovered
entrance to have been built relatively late in the chronology of the site. In addition to this
investigations of the outer wall of the U shaped enclosure have shown that it was
constructed over the remains of a burnt mound comprising a thick spread of fire cracked
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stones. The structures at High Pasture are clearly of a complex nature with much work
still required before their relationship and functions can be fully understood.
1.6 Survey Objectives
The geophysical surveys that form the basis of this report were designed to inform the
field investigation strategy for the 2006 excavation season. The survey aimed to address
two key questions.
•

Does evidence of activity at High Pasture extend beyond the core area of the site?

•

Is there any evidence to suggest that metal working or other industrial activities
were being conducted at the site?

The surveys focused on two areas, a 60 by 60 metre area around the enhanced cave
entrance. This extended over a circular feature visible on the surface to the west of the
cave entrance, as well as across a number of other possible structures and cleared areas.
The second survey area 40m by 40m and was sited approximately 45m to the west. This
focused on a second circular surface feature. The total area surveyed was 0.56 hectares.
The work involved earth resistance and gradiometer survey. Each of these techniques uses
different principles for the detection of sub-surface features. Earth resistance measures the
resistance to the passage of a current and can therefore be interpreted as a measure of the
moisture content, porosity and conductivity of the ground. A gradiometer responds to
variations in the gradient of the earth’s magnetic field which are caused by the presence of
magnetic bodies buried beneath the surface. Each technique was chosen on the grounds
that it would detect or provide different information about the anticipated features and
history of the site.
The earth resistance metre was also used to create a vertical section through the circular
feature designed to provide information on the depth of deposits likely to be encountered
during excavation as well as to identify possible internal features.
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2

METHOD
2.1 Survey Procedure
2.1.1 Earth Resistance Survey
A resistance survey is used to detect the different electrical response of dug
features and built structures, the measured values reflect the moisture content and
thereby the conductance of an area of ground. Under normal conditions dense
material such as clay or rock have little available space for moisture and will
therefore prove more resistant to a current passed through them. Deposits filling
archaeological pits and ditches on the other hand will be packed more loosely
enabling them to hold more moisture and be less resistant. The results are
presented as a contrast between areas of high and low resistance.
The resistance survey was conducted over an area of 0.56 hectares with the survey
area being divided into grid squares 20m by 20m. The survey used a twin probe
array with a sample interval of 0.5m and a traverse interval 0.5m over the core
area of the site. To allow time to survey the second circular feature, the 0.5m
resolution was reduced to 1m traverse and sample intervals over the second survey
area. Both surveys were conducted with zigzag traverses, the direction of the first
traverse being site east.
The resistance meter used was a Geoscan RM15 with a twin probe array and
electrode separations of 0.5m. The readings were logged automatically by the
built in data logger, at each point. The gain set to 0.1ohms.
2.1.2 Gradiometer Survey
The gradiometer survey aims to detect the different magnetic responses of rocks,
topsoil and anthropogenic materials. These differences lie in the orientation and
strength of the magnetic field of a feature, meaning the values measured by the
instruments near a feature will deviate from those expected from the earth’s
magnetic field alone. The extent of these variations allow us to differentiate
between features that have silted up, such as pits and ditches, as well as other
features consisting of magnetic material like areas of burning or kiln fired
material. Non-magnetic features can also be detected if the material surrounding
them has a stronger magnetisation. (Gaffney and Gater 2003 p.37)
The survey results are presented as a contrast between positive and negative
values. Topsoil is normally (although by no means always) more magnetic than
the underlying subsoil. Therefore features silted or backfilled with topsoil will
produce a positive anomaly. Weak or non-magnetic materials cutting into the
topsoil generate negative responses. Areas of burning affect the magnetic
component of a material in such a way that its magnetic field aligns with that of
the earth to create strongly positive anomalies.
The gradiometer survey was conducted over an area of 0.56hectares. The survey
was conducted with a Bartington Grad601-2 dual gradiometer with the gain was
set at 1 nanoTesla. The manual trigger was used to collect data which were
recorded by the built in data logger. The sample interval was set as 0.5m with a
traverse interval also of 0.5m. The data were collected using parallel traverses.
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2.1.3 Pseudosection
In addition to investigating the electrical properties of an area to create a horizontal plan,
it is also possible to use electrical resistance surveys to create a vertical section through a
feature. In a similar way to area resistance surveys, a current is passed between two
electrodes and the potential difference or resistance to the current is measured between
two more electrodes. By using different arrangements of these electrodes it is possible to
relate the values to different areas of the current flow and provide information on different
parts of a feature.
By increasing the distance between the electrodes, the current is passed deeper into the
ground. This allows the depth and profile of buried features to be estimated. Resistance is
however related to the volume of material through which the current is being passed. As
such the values will decrease with depth as the current is passed through a greater volume
of earth. If recorded resistance values are converted to a volume specific measurement (in
this case Apparent Resistivity) the effect of this can be overcome.
Apparent resistivity is a function of the geometry of the array used and the whole range of
resistivity values in the ground; these are assigned to a specific point and include
variations within the soil and any features. The resistance value for each point is
converted to apparent resistivity using the formulae for each array type based on the interprobe spacing.
Apparent Resistivity = ρA,
Pi =π,
Electrode Spacing =a,
Measured Resistance =R

Double Dipole Array Wenner Array
-

ρA= 6πaR
ρA= 2πaR

The values generated are plotted at a point, which broadly corresponds to half the interprobe spacing which can be understood as a pseudo-depth. This allows basic
interpretation of the results. Due to the assumptions and averaging that is required in the
calculation of the apparent resistivity the depth at which the values are plotted is not an
accurate reflection of the subsurface. In order to achieve a reliable plot and to be able to
make an accurate estimate of the depth and form of features it is necessary to process the
data using inversion software. This software will generates a model of the subsurface and
run a series of calculations based on the measured apparent resistivity. The subsurface
model is sequentially remodelled until the calculated and measured values of apparent
resistivity agree. In this way a best fit model of the subsurface can be generated.
During the survey at High Pasture Cave both Wenner and Equidistant Double Dipole
array types were used. Each array type provides different vertical and horizontal
resolutions. For the Wenner array this leads to shallow features having the greatest impact
on the recorded values which gives a good horizontal resolution however deeper features
do not show as clearly. This contrasts with the double dipole array which is able to detect
more changes with depth giving a good vertical resolution.
A line of electrodes 30m long was laid out, from east by north east to west by south west,
across the centre of the circular feature adjacent to the enhanced cave entrance. The
electrodes were spaced 0.5m apart and readings were taken from east to west. Two
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readings were taken at each position the first using a Wenner array the second using the
equidistant double dipole. Resistance values were logged automatically using a Geoscan
Research RM15 resistance metre and stored in its internal data logger. An MPX15
Multiplexer was used to switch between electrode arrangements which had been pre
programmed. The data were downloaded into Geoplot version 3 and exported to
Res2DInv version 3.55 for processing.
2.2 Data Processing
The data from each survey were downloaded to and processed in Geoscan Research
software Geoplot Version 3. Each survey was processed separately and with different
methods and they will therefore be described in this way.
2.2.1 0.5m Separation Resistance Data
These data were collected carefully over a number of days and as such little processing
was required. The data were simply despiked with a processing window of one reading in
both the X and Y direction values that exceeded a threshold of 2.4 times the standard
deviation were removed and replaced with the mean of the processing window. This
allowed artefacts caused by contact resistance and poor connections to be removed.
2.2.2 1m Separation Resistance Data
The data were first de-staggered by displacing each of the readings in the even lines by
two positions. This removed a striped pattern from the data that was caused by readings
being attributed to a false location. The data were then despiked with a processing
window of one reading in each direction, a standard deviation of 2.5 was used as the
threshold and higher or lower readings were replaced with the mean value. Finally the
data were interpolated in both the X and Y direction so that they could be combined with
the data collected at a higher resolution.
2.2.3 Gradiometer Data
The magnetic data were despiked with a processing window of one reading in each
direction, a standard deviation of 2.5 was used as the threshold and higher or lower
readings were replaced with the mean value. By despiking the data, any large responses
generated by ferrous debris across the surface of site were removed. The mean value of
each traverse was then calculated and adjusted to zero; a threshold of 15 nanoTesla was
used to prevent strong positive and negative anomalies from adversely affecting the
calculations. This allowed for data recorded from the two sets of sensors to be displayed
evenly and removed a striped banding from the raw data plots.
2.2.4 Pseudosection
The data were downloaded into Geoplot version 3 and exported to Res2DInv version 3.55
for processing. Both data sets were treated in a similar way to achieve a best fit data plot
from the inversion process. The values for the measured apparent resistivity were used in
the inversion calculations without any smoothness constraints being applied. The Jacobian
was recalculated following each iteration using a standard Gauss Newton optimisation
method. An Inverse reference model was used for the inversion using the first data set as
the reference model.
2.3 Data Presentation
The area survey data are presented as a shade plot in greyscale with the values graded
from light to dark. The results of the resistance survey can be interpreted with the dark
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areas representing high resistance readings and the light areas representing low resistance
readings. The data are differentiated in the raw data plots by a range of absolute values
between 200 and 550 ohms.
The gradiometer data are presented in the same manner with the dark areas representing
positive anomalies and light areas representing negative anomalies. Intermediate values
are graded from light to dark. The range in absolute values is from –15 to 15 nanoTesla.
The pseudosection data are also displayed as shaded surface plots using a 17 section
colour ramp. The values are presented as modelled apparent resistivity in Ohm.metres.
Anomalies with a low resistivity can be read as dark blue features and anomalies with
high resistivity are shown as dark purple. Mid range values are graded turquoise to orange
through green.
2.4 Data Publication
Graphic plots of the data were saved as images and exported to Microsoft Word for
publication. Interpretation diagrams and drawings were made using GIS software and
again exported to Microsoft Word.
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3

RESULTS
3.1 Description and Interpretation
3.1.1 Earth Resistance Survey
Survey Area A 0.5m resolution
It has been noted that earth resistance survey in this area was problematic due to the high
levels of resistance caused by the thin layers of soil and surface outcropping. The survey
was included here as a means of identifying the presence or absence of rock below the
surface and to facilitate the interpretation of the gradiometer data. On all counts the survey
was a success, data on several natural features were recorded and data on a number of
features not clearly identified by the gradiometer was also retrieved.
Anomaly A Can be seen as a large area of high resistance and is easily interpreted as a
large rock outcrop measuring approximately 4m wide and running 50m to the south east
where it leaves the survey area.
Anomaly B is represented as a broken area of very high resistance readings in a general
area of higher resistance. These features are interpreted as rock outcrops that have been
enhanced as field clearance. Low resistance readings amongst these features represent
false readings where the current has shorted across the surface of the feature; a result of
the challenging terrain.
Anomaly C presents a broad low resistance anomaly running south west to north east
across the survey area. This anomaly represents a silted feature cut into the underlying
geology. The feature cuts the line of rock outcrop noted as Anomaly A and was therefore
formed by high levels of labour or by the natural process of erosion. In the context of this
site a broad low resistance feature could be interpreted as either a ditch or a sunken way.
The feature lines with a small structure provisionally interpreted as being post medieval
which would support the latter interpretation. The feature also joins a line between the
stream sink and the waterfall where the stream emerges from the cave passage, in this case
and given the labour involved in cutting through the rock outcrop interpretation as the
former course of the stream might be preferred, although the two need not be exclusive.
Anomaly D comprises a network of linear very low resistance responses that trend north
to south and lie in close proximity to rock outcrops noted as anomalies A and B. This
signal is suggestive of water logging at these points and given the lower levels of the
ground here it is likely that surface water is collecting in these areas as it runs off the
rocky ground. It is possible to make out weak low resistance anomalies extending to the
north of these features and it might be suggested that these areas also represent the courses
of older natural drainage channels that ran across the area.
Anomaly E can be seen as a circular feature defined by two weakly resistant banks, noted
as the rubble remains of stone walls on the surface. The weak nature of this anomaly
suggests that it does not represent a significant feature and it is likely that the walls have
little by the way of significant foundations or depth. Very low resistance readings from
inside the feature are again indicative of water logging which has prevented the resolution
of any internal features.
Anomaly F is represented by a spread of high resistance readings. These correlate well
with the surface remains of a small structure approximately 2m square across collapsed
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rubble walls. The form of this feature is reminiscent of a small bothy structure associated
with nineteenth century pastoralism and might be seen in the same context as the sunken
way and the further structures also believed to be post medieval further to the west.
Anomaly G and possibly a second anomaly to the south are represented by short sections
of linear, weak, high resistance readings. The anomalies indicate features between 1.5 and
2m thick and are similar in nature to those noted as Anomaly E. It is possible that these
are the remains of walls linking the rock outcrop with the enhanced cave entrance
although this is far from certain.
Anomaly H can be seen as an area of low resistance readings that could correspond to
either a pit or a silted natural depression. The feature represented is approximately 7m
long and 2m wide. This feature sits on the south eastern edge of the survey area to the side
of a cleared platform. Aside from a small trial trench there is no indication of any further
feature in this area.
Anomaly I is an area of low resistance readings, again indicative of an area of water
logging. This anomaly lies adjacent to the entrance to the cave passage and a few metres
from the place where the stream sinks. During periods of heavy rain as were experienced
during the survey this area still floods and it is likely that this flooding and the associated
movement of silts are responsible for this anomaly.
Survey Area B 1m resolution
This survey area was designed to examine a circular feature visible on the surface and
provisionally interpreted as a round house, A post medieval interpretation is also possible
given the site context and it was hoped that the survey would identify features that could
aid the interpretation. The earth resistance survey was again incorporated to identify areas
of rock below the surface and to assist with the interpretation of the gradiometer data. The
survey resolution was reduced in this area due to time constraints on the survey and the
nature of the area which included a number of obstacles.
Anomaly B in this area derives a similar interpretation to that in area A. A series of rock
outcrops can be seen across the survey area; they are aligned north south and follow the
line of the wall (anomaly J)
Anomaly J represents a field wall visible on the surface. The nature of the wall made it
difficult to log readings and as it was felt that they would in any case be of limited value
and dummy logs were recorded instead.
Anomaly K comprises a circular response of high resistance readings. These correspond
well with the walls of the circular feature from which they are derived. There is no
indication of internal features, although the low resolution used would make it difficult to
detect small features such a post holes or small pits.
Anomaly L is a series of high resistance anomalies they appear to reflect a series of
outcrops visible on the surface.
Anomaly M can be seen as an area of low resistance readings in the western corner of the
survey grid. The area is approximately 7m across and 10m long. This area corresponds on
the surface with the area of a small limestone quarry. Along the south western edge of this
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anomaly it broadens out and reaches down hill towards the wall line it is likely that this is
an area of hill wash relating to the continuing erosion of the ground here.
Anomaly N represents an extensive area of low resistance readings that reaches right
across the survey area. The most likely explanation for this anomaly is again water
logging or collected hill wash. This interpretation is however speculative, the extensive
nature of the anomaly does however favour a geological explanation.
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3.1.2 Gradiometer Survey
Survey Area A
The survey in area A focused on features associated with the enhanced cave entrance
currently being excavated. The survey expanded the area initially surveyed in 2004
doubling the area investigated and provides information on features and apparently
cleared areas to the north east as well as improving on the definition of features in the
initial survey area.
A total of 10 interpretable anomalies can be identified, from the survey data, in addition to
a number of broad areas of jumbled signals. A concentrated area of disturbance can be
seen around the enhanced cave entrance. This comprises a series of positive peaks and
negative troughs in no specific arrangement. Values generally range between -15 and
30nT. These signals can be attributed to the stone structures visible on the surface. A large
quantity of fire cracked stone has been recovered from excavations on the site and it is
likely that the enclosure walls are made up of a mixture of this and igneous rock from the
numerous intrusions in the area. As has been discussed the area has a complex geology
and many of the anomalies are related to this. Several can also be identified as surface
features.
Anomaly A has a large negative signal boarded by weaker positive signals with an overall
range from -3000 to 100nT. This indicates a significant thermo-remanent feature. The
anomaly is linear and aligned north west to south east; 11m wide in full it runs 50m into
the south eastern extent of the survey area. The anomaly coincides at one point, near to the
centre of the survey area, with a large rock outcrop; this is the cause of the anomaly. The
outcrop represents the end of an igneous dyke approximately 4m wide.
A second igneous dyke can be seen as linear negative anomaly crossing the survey area to
the north east. This second dyke is broken in a number of locations. Comparison with the
cave survey, undertaken by Moldywarps Speleological Group in 1993, indicates that the
northern break lies on the same line as the cave passage following the duck. The Cave
morphology work conducted by Lawson and Young (2004) notes that two igneous
intrusions are cut by the passage in this area and it is likely that the anomalies detected in
the geophysical data relate to the same dyke.
Anomaly B presents as to weakly positive linear signals of between 4 and 15nT. These
anomalies lie at the northern corner of the grid and run in a south easterly direction to a
point where they converge at a break in the second igneous dyke mentioned above. The
weak positive signal indicates a cut feature with a silted fill. That the two anomalies meet
at a break in a dyke suggests that they represent palaeochannels, the silted up channels of
former water courses. This agrees with the coincidence of the cave passage and the
northern break in the second dyke and suggests that the breaks are the result of erosion
from underground streams.
Anomaly C is another linear positive anomaly this time aligned roughly east to west, the
positive range of values being between 15 and 27nT. The anomaly is broad and indicates a
cut feature approximately 3m across. The strength of the anomaly suggests a magnetic
enhancement of the fill material, which could be caused by the spread of occupation
debris or through phases of reduction and oxidation as would occur as a result of seasonal
inundation. The location of the anomaly downhill of the main site makes either of these
explanations possible. The response was detected in a sunken area of the site and lines
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with one of the cellular structures noted on the surface. It is possible therefore that the
anomaly represents a sunken way used to access the site. The line of the anomaly also
joins the stream sink with the waterfall where the stream re-emerges from the cave and it
is possible that the sunken feature represents a flood channel or even the former course of
the stream. There is no reason why the feature does not represent all three explanations.
The stream following the course of the channel before it sank into the cave, leaving its
former channel to silt up and be used as the easiest route to the site in its later history.
Anomaly D is represented by two arms of positive and negative signals, ranging from -30
to 25nT. The responses create two arms aligned north west to south east curving in on the
western side but not quite meeting. The predominantly positive anomaly on the northern
edge is again reminiscent of a cut feature, there is however a close relationship between
the anomaly and an apparently circular setting of stones. It is extremely likely that this
structure is the source of the anomaly which would require the stones to have burnt or
igneous origins. The bipolar nature and spiked profile of the signals in the trace plot is in
keeping with this.
It should be noted that this circular structure was one of the prime focuses of the survey.
One of the survey objectives was to identify whether the structure had been a defined
metal working area. It was suspected that a quantity of metal working debris excavated
from a trench nearby originated from it. Despite the magnetic response from the walls of
the structure there is no evidence to suggest that it was used at any point in the metal
working process.
Anomaly E also corresponds to a stone feature on the surface. The stone setting is
approximately 4m by 4m from the outer edge of rough rubble walls, and could be
interpreted as a small bothy probably of post medieval date. The anomaly produced by
this feature is again made up of a series of positive anomalies up to 50nT whose negative
signal has combined to reduce the positive effect but are not visible as a negative spike. A
range of negative signals have been recorded in the southern part of the feature and are
visible of parts of a bipolar response. The scale of the responses linked to the shape of the
traces indicates that the stones are again burnt or igneous in origin. It is possible that the
responses at the northern end of the anomaly have combined with responses generated
from a continuation of the palaeochannel recorded as Anomaly C although excavation
would be required to confirm this.
Anomaly F can be seen to the west of Anomaly E and is to the south of a circular
arrangement of stones forming small cell. The anomaly comprises a strong positive and
negative signal with a range of -100 to 60nT. The scale and shape of the anomaly is
suggestive of a geological origin, in all likelihood a detached igneous stone possibly
linked to the large negative anomaly to the west that is seen to centre on the entrance to
the cave passage excavated by cavers in the seventies.
Anomaly G has a strong positive signal that ranges from 26 to 62nT. The response trace
is broken with no clear form although a number of broad peaks can be made out. This area
is close to the excavated trench that produced the metalworking debris and it is likely that
more of this material is present in the unexcavated area. The disruption and noise in the
plot makes it unlikely that any such features remain intact and it is probable that the
material is incorporated in the backfill.
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Anomaly H is a complex anomaly with a range of positive and negative signals, for the
most part values range between -5 and 20nT although there are a number of stronger
positive and negative spikes. The anomaly sits between the large igneous dyke and the
enclosure surrounding the enhanced cave entrance. It appears almost square with edges
north south and east west, although any eastern edge is masked by the signal from the
dyke. A weakly positive centre is bordered by a negative trough and a positive response.
The nature of the source of the feature is not certain although it is potentially structural.
The positive centre comprises a series of combined peaks, these are too weak to suggest a
geological source and it is possible that it may represent material enhanced by occupation,
whilst the negative signal is more angular in nature. It is likely that combined they
represent a shallow flattish feature.
Anomaly I lies against the south eastern edge of the survey area on the edge of a cleared
platform. The response is that of a broad and elongated peak with an average value of
15nT. The response is similar to that expected from a pit and it is probable that it
represents an accumulation of magnetically enhanced material. It is possible that the
feature is a pit; however a silted natural depression would produce a similar anomaly. The
anomaly suggests a dimension for the feature of approximately 2m by 3m which would
make for rather a large pit and so probably favours a natural origin.
Anomaly J presents as large positive peak of 90nT with a negative trough of -47nT
although the anomaly is quite broad the peak is very pronounced and indicates a ferrous
source, in this case probably geological.
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Survey Area B
This area was designed to investigate the remains of a circular structure 60m to the west
of the main study area. The feature is provisionally being interpreted as a round house
although there are a number of post medieval remains in this area and the possibility that
it represents a kale yard or other associated feature should not be discounted. The feature
sits on a raised platform next to a natural outcrop of rock, and is approximately 15m in
diameter across its outer walls.
Anomaly A is made up of a weakly positive circular anomaly broken on the south side.
This is clearly derived from the surface feature noted above. There is on the northern side
of the feature, a positive signal that projects into the feature. This could be interpreted as
an internal pit, the value range is around 17nT and the trace shows it to be a broad
anomaly, given the positive response from the wall however it is also possible that it
represents an element of collapse. There are no further anomalies visible in the rest of the
area which is for the most part obscured by the large negative response from Anomaly D.
Anomaly B shows as a linear anomaly of mixed positive and negative responses. The
jumble of peaks and troughs visible on the trace plots indicate that the feature consists of
a series of discrete thermally remanent blocks. The feature is also visible on the surface
as a relatively modern field wall that cuts the centre of the circular feature and has an
entrance break its northern end. The magnetic responses indicate that the stone has been
sourced from one of the nearby igneous intrusions and is not derived from the small
limestone quarry at the western corner of the survey area.
Anomaly C can be seen as a weak positive linear anomaly that runs from south west to
north east across the survey area. This anomaly and the feature that it represents is
analogous with Anomaly B from survey area A. The response is generated by the silted
channel of a former water course that can be seen to cut large areas of strong negative
signals.
Anomaly D presents as a large area of strong positive signals surrounded by a large area
of strong negative signals that mask at least half of the interior of Anomaly A. This
feature is a further outcropping of the igneous dykes seen to cut across the area. Large
negative signals across the remainder of the survey area show the course of the dykes as
they continue below the surface.
Anomaly E is a discrete area of positive magnetic response. Given the large amount of
igneous rock in the area and the incidence of surface outcrops it is likely that these
anomalies represent a natural rock feature.
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3.1.3 Pseudosection
In the method statement above the benefits of the different array types has already been
discussed. It should be pointed out here that for the interpretation of features. The Wenner
array alone will be used to define the width and lateral location of features where as their
depth and thickness shall be derived from the plots of the double dipole readings. In this
way a relatively accurate impression can be provided of the subsurface features. It should
be noted that the colour ramp used to depict differing values of apparent resistivity differs
for each array type. This has allowed for anomalies to be defined more clearly but should
be borne in mind when interpreting the data.
Anomaly A
Wenner Array Can be seen as a compact oval area of high resistivity readings averaging
4000-4500ohm.m the anomaly represents a feature approximately 1.25m wide and located
with its centre 6.25m from the eastern end of the section. A second area of high resistivity
can be seen at the base of the plot approximately 11.75m from the eastern end of the
section. This anomaly appears to link to the first area described and may represent the
dipping feature noted in the double dipole plot. If this is the case it would provide for an
overall feature width of approximately 6m.
Equidistant Double Dipole Array shows the anomaly at a similar range of apparent
resistivity values but with a profile dipping to the west. The feature appears to be
approximately 0.9m thick with the depth to the top of the feature being approximately 1m
from the surface. The depth to the full extent of the area of high resistivity appears to be
approximately 2.5m from the surface.
Discussion The overall feature appears to be approximately 6m wide and between 0.5 and
0.9m thick. The anomaly dips east to west from a depth of 1m to 2.5m from the surface.
The location of the centre of the anomaly, at 6.25m from the eastern end of the section,
indicates that the anomaly is most likely to represent an element of Bone Passage as it
runs below. The values represent a function of the 3 dimensional spread of resistivity
throughout the ground as such the high apparent resistivity calculated here is in part a
function of the open trench and cave passage along with the boulders used in the
construction of the entrance. The high values are bordered by values of approximately
500ohm.m which are in line with that expected from the natural limestone.
Anomaly B
Wenner Array The profile of this anomaly has two segments a core of high apparent
resistivity values of approximately 600ohm.m which is surrounded by a layer of lower
values of around 250 to 300ohm.m. The central core is approximately 1m wide and lies
between 9.25 and 10.25m from the eastern end of the section. The surrounding layer
extends from 7.25m to 11.75 m from the eastern end of the section and is approximately
4.25m wide.
Equidistant Double Dipole Array has a similar anomaly to that described above,
variations are apparent in that the high resistivity values connect with the surface and the
lower apparent resistivity values do not meet under the base of the core feature. The
central core of the feature is shown with a depth of 0.25m from the surface to its top, with
an overall thickness no greater than 0.5m. The total depth of the surrounding deposits
appears to be about 1.6m from the surface.
Discussion Both array types show a central core of high apparent resistivity this core
appears to be 1m wide and 0.5m thick with associated material continuing to the surface.
The feature has it centre at about 9.75m from the eastern end of the trench. This appears to
correspond well with the rubble wall of the circular feature being investigated. The wall of
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this feature appears to be shallow with little in the way of foundations. The wall is set on
to a layer with an apparent resistivity of 300 ohm.m. This seems too high to be the backfill
of a pit and it is likely that it represents an accumulation of up to1.6m of the natural clay
in a depression in the underlying rock.
Anomaly C
Wenner Array This anomaly occurs between 13.25 and 15.25m from the eastern end of
the trench. The anomaly is approximately 2m wide and appears as an area of apparent
resistivity with a value of around 800 to 900ohm.m. This area sits between two areas of
much higher apparent resistivity (2500 + 4000ohm.m) and appears to be sealed by a
further layer with an apparent resistivity of 1000ohm.m, this layer links to the depression
noted above.
Equidistant Double Dipole Array The depth to the top of this anomaly is approximately
3.5m and it extends beyond the depth limit of the investigation and so no estimate of its
thickness can be made.
Discussion It would appear that this anomaly, approximately 2m wide at a depth of 3.5m
from the surface forms part of a layer with an apparent resistivity of between 800 and
100ohm.m. This forms at the base of the area of clay and dips from east to west as does
Anomaly A. It might be possible to see this layer as forming the deposits from which bone
passage and the upper stream way of the High Pasture Cave were eroded.
In addition to commenting on the anomalies noted above a statement is also required
about the nature of the soils in this area of the site. From the data available it looks as
though there are only very thin areas of subsoil above the clay deposits observed in the
data. The maximum observed depth is approximately 0.25m across the section and in
many areas it is less. The depth is derived from an approximated equation and so might be
slightly greater but it is unlikely to significantly exceed that given. This contrasts sharply
with the depth of deposit observed in the excavation trench 2. The implications of this are
not clear although it would seem to suggest that the enhanced cave entrance was
constructed in a deep and narrow gully.
Due to the approximate nature of the calculations used to compile these data plots and the
complex nature of the underlying geology it is difficult to be confident of these
interpretations. They are, at least in part, based on the surveyors’ understanding of the
archaeological and geological context of the site as well as on the empirical evidence.
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4

CONCLUSION
4.1 Assessment of aims
The survey had two principle aims; to provide evidence of any activity extending beyond
the core area of the site and to assess whether there was any evidence to suggest that metal
working or other industrial activity had taken place at the site. Within the extent of survey
area A the survey has provided little evidence to indicate either wider activity or to locate
signs of in situ metal working. This is a negative result and whilst disappointing in terms
of the survey aims should be seen as a success. For survey area B the investigation of the
second circular feature was hampered by the large signal produced by an outcrop of
igneous rock nearby. Confidence in the locations of features within the circular feature is
not high and further intrusive investigation is still required.
4.2 Summary of results
The data collected during this survey has proved be of a high quality and despite the
challenges offered by the geology and terrain confidence in the interpretation of the area
surveys can be high. Activity in the wider area appears to be limited to the clearance of
cultivation plots. This is supported by the occurrence of loose rock piles around a number
of rocky outcrops. And it would appear that the land to the north east of the core site was
given over to a series of small scale garden plots. It is impossible to estimate a date for the
use of these features or to comment on whether they are contemporary with any of the
other features on the site.
A number of possible post medieval structures can be noted on the surface, the
geophysical survey confirms their presence but provides little in the way of additional
data to aid their interpretation. Detailed survey and intrusive investigation would be
required to improve on this.
In terms of evidence on the site for intact metal working areas there is no evidence in the
geophysical data to support this. The site is made up of a series of banked walls,
surrounded by igneous outcrops. Excavations to date have shown that many of the
deposits in the core area of the site contain fire cracked stones which can also be seen
throughout the enclosure walls. The magnetic responses generated from all such features
are clearly visible in the data as areas of concentrated bipolar anomalies. It is possible that
these anomalies mask those of further industrial debris or that actual surfaces might be
identifiable at a depth greater than that which can be detected by the gradiometer (which
has a limit of approximately 1-1.5m). It would seem more likely that these deposits have
been brought in from other sites in the surrounding area.
Investigation of the circular feature has provided no clear evidence for internal features
although the pseudo section data has provided an indication of the depth of deposits.
These are not likely to exceed 0.25m; however there do appear to be a number of
undulations in the underlying natural that might extend this to 0.75m as a maximum in
natural depressions.
Investigations of the second circular feature to the west of the main area were hampered
by a large igneous outcrop nearby. This effectively masked the magnetic readings in the
interior of the structure although there was a possible indication of a pit on its eastern side.
Further intrusive work would be required to confirm this.
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4.3 Implications
The survey shows that the area contains the archaeological remains of a complex site. The
remains are concentrated around an enhanced entrance to a natural cave passage. The
survey indicates that this was constructed in a deep narrow gully with a series of
enclosures built around the surface. Despite the occurrence of metal working debris in the
excavated trenches there is no clear evidence in the data for in situ industrial deposits
which must therefore have been brought in from elsewhere. The site should therefore be
seen as a focal point in a wider landscape of domestic and industrial sites.
4.3.1 Recommendations
It is recommended that a number of the features identified in the survey results be tested
by excavation. In particular anomalies G, H and I, as identified in the gradiometer data
from survey area A, show the greatest potential for remains of archaeological interest.
Anomaly G represents a continuation of trench 2 across a spread of positive magnetic
readings. It is likely that this area contains more of the metalworking debris noted in
earlier excavations. Anomaly H represents a possible surface to the rear of the main site
enclosure; confidence in this interpretation is not high however the scale of response
makes it worthy of further investigation. Anomaly I constitutes a pit or natural depression
and will provide an opportunity to investigate the nature of activity on the cleared
platform area through the retrieval of environmental samples.
In addition to the above further work will be required on the second circular feature to
confirm the possible pit and to fully assess the nature of the structure following the
problems encountered by the gradiometer survey.
5
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