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1) Introduction
Swyre Head (Hill Number 2901, Section 41, OS 1:50000 Map 195, OS 1:25000 Map 15E, Grid
Ref. SY934784) is listed in the Database of British and Irish Hills as a Marilyn with just 150m of
drop.
The purpose of this survey was to measure accurately the drop for Swyre Head in order to clarify
its classification.
2) Equipment used and Conditions for Survey
A Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” Estaff extendable to 5m were used to determine the positions of the col and summit.
Absolute heights were measured using a Leica Geosystems Viva GS15 Professional receiver. This
instrument is a dual-frequency and multi-channel instrument, which means it is capable of locking
on to a maximum of 12 GPS and 8 GLONASS satellites as availability dictates, and receive two
signals (at different frequencies) from each of these satellites. The latter feature reduces
inaccuracies that result from atmospheric degradation of the satellite signals. As a stand-alone
instrument it is capable of giving position and height to an accuracy of about two metres and five
metres respectively. Note that small hand-held GPS receivers used for general navigation can only
receive up to 12 GPS satellites and each at a single frequency and therefore these instruments have
a poorer positional accuracy of +/-5metres and a height accuracy of no better than +/-10 metres.
Some recently produced hand held GPS Garmin receivers can also receive signals from GLONASS
satellites which greatly improve the speed at which these units can achieve a satellite “fix”. Despite
the on-board features of the Viva GS15, there are still sources that create residual errors. To obtain
accurate positions and heights, corrections were made to the GNSS (Global Navigation Satellite
System) data via imported RINEX data from the Ordnance Survey which were post-processed using
Leica Geo Office 8.3 software.
Conditions for the survey, which took place between 11.00hr and 17.00hr BST, were good. The
weather was mild, sunny, 10-15 degrees Celsius with a very light wind and visibility was excellent.
3) The Survey
3.1) Character of Hill
Swyre Head is situated about 1km from the Dorset coast and 4km South West of Corfe Castle. It is
the highest point in the Purbeck Hills, the line of chalk hills that runs from Old Harry Rocks in the
East to Lulworth Cove in the West. This area of Dorset is very popular and has a great variety of
numerous tourist attractions. The coastline from Poole Harbour to the East to Lyme Regis to the
West is particularly interesting because of its geological significance and uniqueness, and is known
as the “Jurassic Coast”. Over the years this coast has attracted both amateur and professional
geologists in their search for the variety and abundance of fossils from the Jurassic era.
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This part of England is characterised by its rolling grass covered chalk hills and Swyre Head is a
typical example. It commands impressive views of the Dorset coast from the Isle of Wight to the
Isle of Portland. To the South, the grassy flank drops away to the top of the coastline cliffs on which
runs the South West Coast Path.
Access to Swyre Head can easily be gained from the small car park, very busy in holiday season,
near the end of the minor road that goes South West from the small village of Kingston. A popular
track leads from the car park to the summit of the hill, about 1km in distance.
3.2) Summary of Survey Method
The survey commenced at the col whose position was identified with Leica level and staff. The
Leica GS15 was set up directly over the col and GNSS data were collected.
The survey then continued to the summit. First, the highest point of the tumulus and the highest
visible natural ground were found using level and staff. Level and staff readings were also made to
the Flush bracket on the trig point so that the height measured from the GNSS data could later be
compared with the OS database.
Finally the Leica GS15 was set up directly over the highest point excluding the tumulus and GNSS
data were collected for subsequent post-processing to obtain the drop for Swyre Head.
3.3) The Col
For this survey it has been assumed that the area containing the exact col position is at the village of
East Lulworth about 8km West of the summit of Swyre Head. No attempt was made to study
Ordnance Survey Maps in detail to confirm this position. An extract from the OS 1:25000 map
showing the region of the col is shown below:-
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Examination of the map contours in this region shows that the col lies between 55m and 60m with
the valley to valley direction approximately following the B3070 road North East from the 58m
spot height. It was very difficult to visually interpret the slope of the ground in this region since so
much is obscured by buildings, walls, etc as well as dense woodland. However, a general inspection
of the site seemed to confirm that the valley to valley direction is along the B3070 road since
following this road from East to West from the public house, the ground appeared to rise to a
maximum near the 58m spot height and then fall away further to the West. This was confirmed by
level and staff measurements that were made along the edge of this road. The level was then set up
at a convenient position near the 58m spot height where staff measurements showed the minor road
that continues ESE from this point to be rising.
Staff measurements so far had confirmed that the 58m spot height was probably near the highest
point if the B3070 was the exact valley to valley direction at this point. To the North from the 58m
spot height, a road leads through a gap in a wall over a cattle grid up to Lulworth Castle. The area
North of this wall in the castle grounds was inspected and it was clear that this ground was higher
than the B3070 providing more evidence that the B3070 is the col’s valley to valley direction. A
similar inspection was made around the cottage garden and surrounding fields to the South of the
B3070, where again the ground was observed to be higher.
Finally staff measurements were taken on both sides of the B3070 in the area around the entrance to
Lulworth Castle. This area along the roads edges was found to be quite flat with only a 0.1m
variation in height from the West edge of the cottage to the road junction to the West.
The Leica GS15 was set up on the short tripod system, vertical correction 0.672m, on the South side
of the road next to the sign pointing to the entrance to Lulworth castle (See photographs in the
Appendix). GNSS data were collected for l hr. The position and height data for the col that were
recorded by the Leica Viva GS15 were post-processed with Leica GeoOffice 8.3 using imported OS
RINEX data for the seven nearest base stations under 100km distance and the Computed model for
tropospheric correction. These results are given in the table below:-

System

Easting

error(1SD)

Northing

error(1SD)

Height(m)

error(1SD)

GS15

385685.087

0.003

81825.160

0.003

58.321

0.006

The height of the col is 58.3m and its position corresponds well with the 58m spot height on the
1:25000 OS Map.
3.4) The Summit
An extract from the 1:25000 OS map showing the summit area of Swyre Head is given below. This
summit area is quite flat, and as can be seen from the map, is the shape of a right angled triangle
with the right angle at the NW point not far from the trig point. The boundaries of this triangle are
marked with fences and stone walls. About 100m SSE of the trig point there is a tumulus that stands
about 3.5m higher than the surrounding ground. As one descends from the tumulus to the South
there appears to be a man-made ridge that finally merges into the surrounding ground just before a
double seat. The top of the tumulus is considered to be the highest point of Swyre Head; the highest
natural ground may well lie underneath it. The topography of the summit area can also be seen in
the photograph shown in the Appendix.
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Although the highest point on the top of the tumulus is currently the position of the summit of the
hill it was not going to be possible to set up the GS15 to collect data there because of the number of
people visiting this hill. A position away from the tumulus for the GS15 had to be found where data
could be collected without the risk of disturbance. In fact surveying with level and staff had to be
carried out in between the picnickers, sunbathers and holidaymakers who had come to admire the
view!!
The level was set up on the tripod adjacent to the seat and South of the tumulus and staff readings
were taken at regular intervals of about 10metres down to the southerly fence and gate. The highest
point in this area that was considered to be natural ground was found to be next to the seat and on
the same side to it as the tumulus. The ground slopes away to the South from this point and is about
0.25m lower by the time the fence is reached about 80m distance. This high point was marked with
a surveyor’s bolt.
The level was then moved to a position on the West side of the tumulus so that staff measurements
could be made either side of it. The area around the northern side of the tumulus was found to be at
least 0.15m lower than the survey bolt by the seat. However another survey bolt was placed in the
ground on the North West side of the tumulus at a convenient point as a reference to enable further
staff measurements to be taken as far as the trig point.
Unfortunately the Flush Bracket of the trig point is on its East face so the level had to be set up
adjacent to the trig point in order to take a staff measurement from the Flush Bracket. When this
was done, a staff measurement was then taken from the survey bolt on the North West side of the
tumulus.

4

Staff measurement at Flush Bracket = 0.567m
Staff measurement at Bolt 1, next to tumulus on NW side = 0.687m
Bolt 1 is LOWER than Flush Bracket by 0.120m
Although a staff measurement was not taken to the base of the trig point, the Flush Bracket is
usually about 0.3m above it. That would mean that the ground around Bolt 1 is about 0.2m higher
than the base of the trig point and this is in agreement with Abney Level measurements made by
Graham Jackson on a previous visit to this hill.
Next the level was set up on top of the tumulus and staff readings were taken to the two survey bolts
and to the highest point on the tumulus.
Staff measurement to highest point on tumulus = 0.766m
Staff measurement at Bolt 1, next to tumulus on NW side = 4.202m
Staff measurement at Bolt 2, highest point by seat and GS15 set up position = 4.007m
Bolt 2 is HIGHER than Bolt 1 by 0.195m
Bolt 2 is HIGHER than Flush Bracket by 0.075m
The summit on the tumulus is higher than Bolt 2 by 3.241m
The ten-figure Grid References recorded for the highest point on the tumulus are:Garmin Montana 600

SY 93415 78466

Height = 207m

Garmin Etrex 20

SY 93415 78467

Height = 207m

The ten-figure Grid References recorded for the highest point excluding the tumulus (GS15 setup
position) are:Garmin Montana 600

SY 93420 78431

Height = 202m

Garmin Etrex 20

SY 93420 78431

Height = 201m

The ten-figure Grid References recorded for the trig point are:Garmin Montana 600

SY 93376 78559

Height = 204m

Garmin Etrex 20

SY 93375 78560

Height = 203m

The Leica GS15 was set up on the short tripod system, vertical correction 0.638m, directly over
Bolt 2 next to the seat on the South side of the tumulus. (See photographs in the Appendix). GNSS
data were collected for l hr. The position and height data for the summit that were recorded by the
Leica Viva GS15 was post-processed with Leica GeoOffice 8.3 using imported OS RINEX data for
the seven nearest base stations under 100km distance and the Computed model for tropospheric
correction. These results are given in the table below:-

System

Easting

error(1SD)

Northing

error(1SD)

Height(m)

error(1SD)

GS15

393416.906

0.002

78424.669

0.003

203.330

0.004
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The height of Swyre Head is therefore 203.33 + 3.24 = 206.57m.
Height of Flush Bracket in Ordnance Survey Database = 203.29m
Measured height of Flush Bracket = 203.33 – 0.195 + 0.120 = 203.26m

4) Summary of Operating and Process Conditions

GS15

Data Collection col (min)

61

Data collection summit (min)

70

Number of Base Stations used in
Processing for all points

7

Epoch Time (sec)

15

Tropospheric Model

Computed

Cut off Angle (degs)

15

5) Discussion of Results
The drop for Swyre Head is calculated to be 148.3m and therefore Swyre Head loses its Marilyn
status. The drop from the highest natural ground is 145.0m. Consequently, should there be any
argument regarding the status of the tumulus, then this is irrelevant to Swyre Head’s sub Marilyn
classification.
The measured height for the Flush Bracket at 203.26m is in excellent agreement with 203.29m from
the Ordnance Survey benchmark database.
The largest uncertainty in this survey is associated with the height of the col and we estimate to
have located it to height accuracy within +/-0.2m. We estimate the uncertainty in height associated
with a 1 hour data set for the Leica GS15 to be +/-0.06m and therefore the overall uncertainty for
the height of the col is +/-0.2m.
The largest uncertainty in the height measurement for the summit will associated with the
uncertainty of +/-0.06m for the 1 hour GNSS dataset.
6) Summary and Conclusions
The summit of Swyre Head is at grid reference * SY 93415 78467 and is unfeatured grass at the
edge of the top of the tumulus. Its height is 206.57+/-0.06m.
The col of Swyre Head is at *SY 8568 8182 and is unfeatured grass on the South side of the
B3070. Its height is 58.3+/-0.2m.
The drop for Swyre Head is 148.3+/-0.2m and therefore this hill changes its status from Marilyn
to sub Marilyn.
* NB average hand-held Garmin GPS grids are quoted in the summary.
John Barnard, 08 June 2015
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Appendix 1

Leica GS15 set up at col. Road follows valley to valley direction.

Leica GS15 set up at col. Hill to hill direction.
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Tape Reading for GS15 set up at col

Leica GS15 set up at highest point excluding tumulus. Trig point back left.
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Tape Reading for GS15 set up at summit
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