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1) Introduction

Sail Chalmadale (Section 20C, OS 1:50000 Maps 62/69, Grid Ref. NR914401) and Beinn Tarsuinn (Section 20C, OS 1:50000 Maps 62/69, Grid Ref. NR930452) on the Isle of Arran are listed as sub-Marilyns. At 149m and 148m of re-ascent respectively, both are very close to the 150m required to promote them to Marilyn status. Sail Chalmadale has been a favourite for promotion and has been the subject of much scrutiny over the years with several sets of measurements taken with altimeters to try to quantify the re-ascent. However, all the measurements have been about 150m and the equipment used has not been accurate enough to provide a definitive result. Although there has been some interest in Beinn Tarsuinn, the re-ascent at 148m makes this a less likely, but still possible, promotion candidate.
The purpose of these surveys was to measure accurately the re-ascent of each hill to see if both/either/neither should be promoted to Marilyn status.  
2) Equipment used and Conditions for Survey 

Optical measurements were made using Abney levels and trekking poles.
Absolute heights were measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 24-channel instrument, which means it can lock on to a maximum of 24 satellites 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 signal.  As a stand-alone instrument it is capable of giving position and height to an accuracy of about one to two metres respectively.  Note that a hand-held GPS receiver can only receive up to 12 satellites and each at a single frequency and therefore it has a poorer positional accuracy of +/-5m and a height accuracy of no better than 10 metres.  Despite the on-board features of the 530 GPS receiver, there are still sources that create residual errors.  To obtain accurate positions and heights, corrections were made to the GPS data via imported RINEX data from the Ordnance Survey.  These data were then post-processed using Leica Geo Office software.

Conditions for both surveys were satisfactory. For Sail Chalmadale the weather was showery with quite strong winds on the summit, but not strong enough to create any problems with the GPS survey. The next day on Beinn Tarsuinn was more settled and cooler with temperatures of 3 degrees Celsius on the top and 6 degrees Celsius at the bealach. For both days there was good visibility and surveys were carried out between 10.30 and 16.00hrs.
3) Character of Hills 

Sail Chalmadale and Beinn Tarsuinn are both situated in the north west of the Isle of Arran between the Goat Fell complex to the east and the “Graham” Beinn Bharrain to the west. The hills have some similarities in character in that they are mostly grassy with rocky outcrops. 

Sail Chalmadale can easily be approached from the south west via the path starting on the coast at Dougarie. After about 2km one can ascend the south west “ridge”, via thickish grass at first, which becomes easier as the summit is reached. There is a cairn on the top which is close to the summit position. The critical bealach is about 1.5km just east of north where the “ridge” continues up to Dubh Loch to the east of Beinn Bharrain. This bealach is quite well defined and had an “elliptical” area, approximately 70m by 15m, of shallow standing water covering stony ground. The water was probably more extensive than usual as we had visited the hill after a wet period. 
Beinn Tarsuinn was approached from the North West via Glen Catacol. A good track leads from Fairhaven on the coast (good parking) following the stream before turning up Gleann Diomhan to arrive at the bealach between Beinn Tarsuinn and Beinn Bhreac to the North North East. This stony bealach was also covered with shallow standing water albeit a smaller area (of about 20m by 10m) than was found at the bealach of Beinn Chalmadale. The ascent from the bealach is quite steep and rocky in a South West direction, but at about 500m height the route turns North West over gently rising ground to reach the summit. Again the cairn is not at the highest point.
4) Summary of Survey Method
The survey was carried out in two parts.
The positions from each top and bealach were identified optically using Abney levels and trekking poles set to fixed and equal lengths. 
The absolute heights of each top and the bwlch were measured with the Leica 530GPS. The instrument was set up with tripod support to hold it firmly over the point to be measured. The AT502 antenna was mounted on a 2.000 metre pole for measurements at the bealachs, but on a 1.000 metre pole for measurements of the summits in order to improve stability. Data at each point were collected for 30 minutes with an epoch time of 1 second. The data were post-processed using Leica GeoOffice software with RINEX GPS “correction” data downloaded from the OS website for the 5 nearest active base stations. The post-processing was carried out in the presence of Chris Gibbons from Leica GeoSystems, who confirmed the results. 
5) Survey Details
5.1) Sail Chalmadale
5.1.1) Survey of Summit

The exact position of the summit was established with an Abney level and trekking poles set to equal lengths. By placing the poles a few metres apart in straight lines and then observing from the top of one pole to another, the slope of the ground could easily be ascertained. We found the highest point to be a rock about 2m south of the cairn. Following careful inspection of the cairn, we were confident that it was not built on a permanent higher rock. (In that event it would not have changed the conclusion from the survey anyway).
The 10 figure Grid References for the summit were:-

Garmin Map60CSx 

NR 91436 40099
Accuracy 4m
Height = 481m

Garmin Venture

NR 91434 40100
Accuracy 5m
Height = 491m
Garmin Etrex 


NR 91435 40097
Accuracy 5m
Height = 481m

Magellan Explorist 100
NR 91436 40100
Accuracy 6m
Height = 480m

The post-processed position and height data for the summit recorded by the Leica 530 were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	191427.790
	0.003
	640102.702
	0.003
	479.683
	0.009


5.1.2) Survey of Bealach
Some time was spent locating this position since this was key to the accuracy of the whole survey.  Having visually ascertained that the line of the bealach was south to north we set a line of equal height trekking poles at right angles to this line. Using an Abney level to measure the relative heights of the poles, the highest point along the line of poles was found.
This process was repeated along parallel lines. From these observations we were able to identify the position of the bealach as a region of standing water. We also checked the depth of the standing water and found that it varied by only as little as about 0.15m. As the water was not draining away, we reasoned that the height of the bealach would be the level of the surface of the water. We estimated the final accuracy of our measurement to be +/-0.1m
The 10 figure Grid References for the bealach were:-

Garmin Map60CSx 

NR 91681 41596
Accuracy 3m
Height = 332m

Garmin Venture

NR 91683 41598
Accuracy 6m
Height = 332m
Garmin Etrex 


NR 91681 41600
Accuracy 5m

Magellan Explorist 100
NR 91682 41601
Accuracy 5m
Height = 337m

The post-processed position and height data for the summit recorded by the Leica 530 were:-
	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	191674.539
	0.006
	641603.537
	0.005
	329.154
	0.005


5.2) Ben Tarsuinn
5.2.1) Survey of Summit

In order to find the exact position of the summit, we used the same the methods as described in Section 5.1.1. for Sail Chalmadale. The highest point is not the large cairn, but 89m from it on a bearing of 143 degrees. Even though the cairn is built on a substantial rock, this rock is still about 0.5m lower than the summit position. 

The 10 figure Grid References for the summit were:-

Garmin Map60CSx 

NR 93072 45170
Accuracy 3m
Height = 558m

Garmin Venture

NR 93071 45172
Accuracy 6m
Height = 558m

Garmin Etrex


NR 93072 45170
Accuracy 5m
Height = 557m
Magellan Explorist 100
NR 93069 45168
Accuracy 6m
Height = 555m

The 10 figure Grid References for the cairn were:-

Garmin Map60CSx 

NR 93018 45241
Accuracy 3m
Height = 554m

Garmin Etrex


NR 93018 45241
Accuracy 5m
Height = 557m

The post-processed position and height data for the summit recorded by the Leica 530 were:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	193065.748
	0.002
	645173.863
	0.001
	555.874
	0.005


5.2.2) Survey of Bealach
The bealach between Beinn Tarsuinn and Beinn Bhreac is quite well defined and we used the same method to find it as described in Section 5.1.2. At the time of the survey there was an oval area of still water measuring about 20m by 10m which we measured to be at the bealach. As described previously, we judged the surface of this standing water to represent the actual height of the bealach.  We estimated the error in height associated with the correct location of the bealach to be no greater than +/-0.1m.
The 10 figure Grid References for the bealach were:-

Garmin Map60CSx 

NR 94092 45125
Accuracy 3m
Height = 406m

Garmin Venture

NR 94091 45126
Accuracy 6m
Height = 409m
Garmin Etrex 


NR 94091 45126
Accuracy 5m


Magellan Explorist 100
NR 94088 45126
Accuracy 5m
Height = 413m

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	194083.064


	0.002
	645128.055
	0.004
	407.420
	0.005


6) Discussion of Results
For both hill surveys, the largest error in each case was associated with the correct location of the bealachs which gives an uncertainty of +/-0.10m in the bealach height.  We also estimate that the summit heights have been measured to an accuracy of +/-0.03m. Therefore the overall error in re-ascent for each hill is conservatively less than +/-0.13m. (Strictly when combining errors, the final error is the square root of the sum of the squares of the individual errors so by just adding we have taken a simple more pessimistic approach).
For Sail Chalmadale, therefore the re-ascent measurement is 150.53+/-0.13m and therefore Sail Chalmadale achieves the 150m required to give it Marilyn status. However, the re-ascent for Beinn Tarsuinn is 148.45+/-0.13m and therefore this hill remains a sub-Marilyn. 
7) Summary and Conclusions

The summit of Sail Chalmadale is at height 479.68m, grid reference *NR 91435 40099 and is the rock 2m south of the cairn.
The ascent from the bealach at *NR 91682 41599 to the summit of Sail Chalmadale is 150.53m.
As the re-ascent of Sail Chalmadale exceeds 150m, the hill is upgraded to Marilyn status. 
The summit of Beinn Tarsuinn is at height 555.87m, grid reference *NR 93071 45170 and has no feature.

The ascent from the bealach at *NR 94091 45126 to the summit of Beinn Tarsuinn is 148.45m.

As the re-ascent of Beinn Tarsuinn does not exceed 150m, the hill remains a sub-Marilyn.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 18 December 2008. 
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                          (Above) Measuring the summit on Sail Chalmadale
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(Above) Measuring the height of the bealach on Sail Chalmadale
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