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PREFACE 

The extraction of naturally occurring industrial minerals and their use by the building and 
construction industries are activities that are vital to the UK economy. There is a continuing 
demand for vast quantities of these materials, and there is a requirement that these 
non-renewable resources should be available as close to their point of use as practicable in 
order to minimise transportation costs. The industrial minerals industry provides substantial 
sums to the exchequer in taxation and it provides jobs, directly and indirectly, for many 
thousands of people. The extraction of minerals has significant effects on the environment, 
and calls for sound planning control, which itself requires a knowledge of the distribution of 
the available resources. 

Sand and gravel was identified in the 1960s as the industrial mineral most needing attention 
and systematic surveys were initiated under the th·en Ministry of Land and Natural Resources, 
beginning in south-east England. Since then a total 149 full resource surveys have been 
carried out by BGS to a standardised model, providing an assessment to a consistent level of 
confidence. 

In the 1980's, the country surrounding Aberdeen was identified as an area of priority planning 
interest by the Scottish Development Department in discussion with the local authorities. As a 
consequence BGS was commissioned by the SOD, with funding from the Department of 
Environment, Grampian Regional Council and local aggregate operators, to undertake sand and 
gravel resource assessment surveys in the Aberdeen area . This report concerns the third of 
these surveys, of two areas to the south of Aberdeen . BGS made a substantial financial 
contribution to this survey because of its own complementary interest in the detailed mapping 
of the area. 

This report describes the resources of sand and gravel of 274 km2 of country around Strachan, 
Auchenblae and Catterline in Grampian Region, and shown on the accompanying resource 
maps. The work is based primarily on the revision geological survey at a scale of 1: 10 OOO of 
parts of 1:50 OOO Sheets 76, 67 and 66 undertaken between 1988 and 1989 by CA Auton, 
J W Merritt and C W Thomas . There was a complementary programme of drilling , trial pit 
excavation, sampling and aggregate testing in 1989 also involving A J Highton and 
S Robertson. Geophysical soundings (the measurement of ground resistivity) were taken 
during the summer of 1989 by C A Auton and M G Raines. The interpretation of the 
resistivity sounding data was undertaken by M G Raines using a VAX 8600 main-frame 
computer at BGS Keyworth. The survey was supervised by D I J Mallick, Manager, Highland 
and Islands Research Group. G C Clarke was responsible for negotiating access to land for 
drilling; the ready cooperation of land owners, tenants and sand and gravel operators is 
gratefully acknowledged. 

The views expressed in this report are not necessarily those of the Department of the 
Environment or the Scottish Development Department. 

P J Cook 
Director 

British Geological Survey 
Keyworth, 
Nottingham 
NG12 SGG 
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The Mineral Assessment Report Series 

The first twelve reports on the assessment of 
British sand and gravel resources appeared in the 
Report series of the Institute of Geological 
Sciences as a subseries. Report 13 and 
subsequent reports up to number 139 appear as 
Mineral Assessment Reports of the Institute of 
Geological Sciences. Reports 140 to 144 were 
published as Mineral Assessment Reports after 
IGS had been renamed the British Geological 
Survey. 

The reports up to number 144 are published 
through Her Majesty's Stationery Office and are 
available from Government Bookshops, other 
booksellers or directly from the British 
Geological Survey. They are listed in HMSO's 
Sectional List 45 . 

Report 145 and subsequent Mineral Assessment 
Reports are published by the British Geological 
Survey. The style of these reports and their 
accompanying maps varies but all may be 
purchased from the Bookshops at the Keyworth 
and Edinburgh offices of the British Geological 
Survey, or from the Bookshop of the Geological 
Museum, Exhibition Road, London SW7 2DE. 

Details of the reports published through HMSO 
and BGS appear at the end of this report. 

Sand and gravel surveys have also been 
commissioned recently by the Department of the 
Environment using universities and the private 
sector. The resulting reports are broadly similar 
to Mineral Assessment Reports, but are not 
listed here; details of their availability may be 
obtained from the Department of the 
Environment, 2 Marsham Street, London, SW IP 
3EB. 

Any enquiries concerning this report may be 
addressed to the Manager, Highlands and Islands 
Group, British Geological Survey, Murchison 
House, West Mains Road , Edinburgh EH9 3LA. 
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EXECUTIVE SUMMARY 

Detailed geological mapping followed by the 
drilling of thirty-eight boreholes and the 
excavation of fifty-five shallow pits by the 
British Geological Survey, together with the 
inspection and sampling of thirty-five sand and 
gravel workings, form the basis of the 
assessment of sand and gravel resources around 
Strachan and between Auchenblae and 
Catterline, Grampian Region. Additional data 
used include pre-existing site investigation 
information and the results of twenty-two 
resistivity soundings made and interpreted by 
the British Geological Survey. 

All known deposits in the area which might be 
potentially workable for sand and gravel have 
been investigated and a simple statistical method 
used to estimate their volume. Some 470 bulk 
samples of sand and gravel have been collected 
and graded. Petrological analysis and physical 
and mechanical testing in the laboratory have 
been undertaken on representative samples. 

A geological account of the area is given and the 
sand and gravel resources are described in detail. 
Results of the laboratory analyses and tests are 
reported and interpreted. Details of the 
mineral-bearing area, the mean thickness of 
overburden and mineral, and the mean gradings 
of deposits are presented . Detailed logs of 
boreholes, pits , measured sections and resistivity 
soundings are appended . The drift geology, the 
sand and gravel resources and the position of 
sample points used in the assessment are 
identified on the two accompanying 1:25 OOO 
scale resource maps. Simplified geological and 
geophysical logs are displayed on the maps as 
computer- generated graphic arrays. 

By comparison with the spreads of sand and 
gravel in south-east England the resources of the 
Aberdeen area are both limited in their 
distribution, and variable in their character, 
which makes them difficult to assess. The most 
important resources were laid down in close 
contact with melting ice during the decay of the 
last ice-sheet to cover the Scottish mainland. 
They form undulating, kettled spreads together 
with isolated mounds and ridges. The thickness, 
lithology and particle size distribution vary 
considerably and there is often a large 
proportion of cobbles and boulders, but most of 
these deposits lie above the water-table and 
overburden is generally thin. More laterally 
extensive and lithologically homogeneous 
deposits of sand and gravel were laid down as 
terraced spreads within the major valleys, but a 
larger proportion of these resources are 

water-saturated and are concealed beneath peat 
or alluvial overburden. Up to now it has been 
Scottish practice not to work deposits lying 
below the water-table. 

Less important, but very large resources of 
potentially workable weathered conglomerate 
bedrock occur in the Auchenblae-Catterline 
area. Although some deposits occur in situ, most 
have been glacially re-distributed. The material 
has limited applications because it is generally 
very coarse and contains many deeply weathered 
clasts. In the Strachan area, pockets of 
weathered, disaggregated granite bedrock are 
potential sources of clay-bound sand suitable for 
bedding pipelines and for making unmetalled 
roads. It was not possible to delineate these 
resources in detail because of the variability of 
the weathering they have suffered. 

It is concluded that, on the whole, the gravels of 
the Strachan area are sound, durable and are 
suitable for most applications, provided that an 
appropriate form of processing is used. Granite 
is the most common constituent of the gravel 
and sand; the latter is predominantly 
coarse-grained. 

In the Strachan resource sheet area, the most 
extensive resources occur within, and on the 
southern flanks of the valley of the Water of 
Feugh; the former are mainly water-saturated, 
but the latter mainly occur as mounds and ridges 
lying above the water-table. The total resources 
of the Strachan sheet are estimated to be 83 
million ms. 

There are large resources of gravel in 
Auchenblae-Catterline area, but the presence of 
mudstone, friable sandstone and weathered lava 
could be a serious problem should the material 
be used in the manufacture of concrete. The 
sands are not so affected, but many are silty and 
they would require thorough washing before use. 
They are predominantly fine to medium-grained 
and they form potential sources of mortaring, 
building and asphalting sand. 

The sands and gravels in the 
Auchenblae-Catterline resource sheet area are 
scattered widely, but the most important 
resources are concentrated around Auchenblae, 
Drumlithie and Roadside of Catterline, where 
they lie mainly above the water-table. The total 
resources of sand and gravel on the 
Auchenblae-Catterline sheet are estimated to be 
110 million ms. There are also some 93 million 
ms of weathered conglomerate, but these 
resources have limited potential. 
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INTRODUCTION 

The survey reported here is concerned with the 
assessment of sand and gravel resources. In 
other words, it is aimed at the identification of 
the distribution, character and volume of 
material that is potentially workable as a source 
of aggregate and which consequently might 
prove to be economically exploitable. The work 
does not attempt to estimate reserves of sand and 
gravel, because this requires detailed site 
investigation to determine yield, grade and 
variability in the light of current economic 
conditions. Clearly, the economic, 
environmental and other factors influencing 
whether a deposit may be workable in the future 
cannot be predicted; they are likely to change 
with time. Deposits not currently economically 
workable may be exploited as demand increases, 
as higher grade or alternative materials become 
scarce, or as improved processing techniques are 
applied to them. The improved knowledge of 
the main physical properties of the resource and 
their variability, which this survey seeks to 
provide, will add significantly to the factual 
background against which planning policies can 
be decided (Archer, 1969; Thurrell, 1971, 1981; 
Harris and others, 197 4 ). 

The survey provides information at the indicated 
level for which "tonnage and grade are computed 
partly from specific measurements, samples or 
production data and partly from projection for a 
reasonable distance on geologic evidence. The 
sites available for inspection, measurement, and 
sampling are too widely or otherwise 
inappropriately spaced to permit the mineral 
bodies to be outlined completely or the grade 
established throughout" (Bureau of Mines and 
Geological Survey, 1948, p.15). 

It follows that the whereabouts of reserves must 
still be established and their size and quality 
proved by the customary detailed exploration 
and evaluation undertaken by the industry. 
However, the information provided by this 
survey should assist in the selection of the best 
targets for such further work. 

The following physical criteria are used to 
define a resource in the context of this 
assessment survey: 

a The deposit should average at least Im in 
thickness. 

b The ratio of overburden to sand and gravel 
should be no more than 3: I. 
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c The proportion of fines (i.e.) particles passing 
the No.240 mesh BS sieve, about (0.063)mm 
should not exceed 40 per cent. 

d The deposit must lie within 25m of the 
surface, this being taken as the likely 
maximum working depth under most 
circumstances. It follows from the second 
criterion that boreholes are drilled no deeper 
than 18m if no sand and gravel has been 
proved. 

A deposit of sand and gravel that broadly meets 
these criteria is regarded as potentially workable 
and is described and assessed as mineral in this 
report. Mineral I is potentially workable sand 
and gravel; Mineral II is potentially workable till 
(or weathered rock). As the assessment is at the 
'indicated' level , parts of such a deposit may not 
satisfy all the criteria. 

For the particular needs of assessing sand and 
gravel resources , a grain-size classification based 

' on the geometric scale 0.063 mm, 0.25 mm, 
Imm, 4mm, 16mm has been adopted. The 
boundaries between fines (that is , the clay and 
silt fractions ) and sand, and between sand and 
gravel material, are placed at 0.063 mm and 
4mm respectively (see Appendix C). 

The volume and other characteristics of the 
deposits are assessed within resource blocks. No 
account is taken here of any factors (for 
example, roads, buildings and land of high 
agricultural or landscape value) which might 
stand in the way of sand and gravel being 
exploited, although towns and large villages are 
excluded. The estimated volumes, therefore, 
bear no simple relationship to the amount that 
could be extracted in practice; the data are best 
used as a basis for comparing one area with 
another. 

It must be emphasised that an assessment of a 
resource block applies to the block as a whole. 
Va/id conclusions cannot be drawn about the 
mineral in parts of a block, except in the 
immediate vicinity of sample points. 

Description of the assessment area 

This survey is concerned with the assessment of 
sand and gravel resources in an area of I 00 km2 

around Strachan and 174 km2 between 
Auchenblae and Catterline (Figure 1) in the 
Grampian region of North-east Scotland. The 
sand and gravel resources are shown on two · 
resource sheets, at a scale of 1:25,000. The 
Strachan resource sheet (Sheet I) covers 1: 10,000 
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Figure 2. Sketch-map of the solid geology of the Strachan resource sheet 

maps NO 68 NW and NE, and NO 69 SW and 
SE. The Auchenblae-Catterline sheet (Sheet 2) 
covers 1:10,000 maps NO 77 NW and NE, 
NO 78 SW and SE, NO 87 NW and NE, and 
NO 88 SW and SE. 

Sheet 1 includes most of the valley of the Water 
of Feugh and the lower parts of the valleys of 
its northward flowing tributaries, the Water of 
A ven and the Water of Dye. The highest point 
is Clachnaben (+589 m OD) on the interfluve 
between the valley of the Water of A ven and 
Glen Dye. 

Sheet 2 includes the north-eastern part of 
Strathmore drained by the Bervie Water and the 
Carron Water. The ground rises gently 
north-westwards from the coast towards Leachie 
Hill (+396 m OD) beyond the northern margin 
of the survey area. The coastal town of 
Stonehaven is situated immediately to the north 
of the area; Inverbervie lies just to the south. 

GEOLOGY 

Mapping 

The ground covered by this survey falls within 
two 1:50 OOO sheets of the Geological Map of 
Scotland; Sheet 67 (Stonehaven) and Sheet 66 
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(Banchory). One-inch Sheet 67 (Stonehaven) 
was originally published in 1884. Minor 
revisions were made in 1898 and in 1929 and the 
latest edition (solid and drift) was published in 
1967 and involved only minor further 
amendment. Only a hand-coloured, solid and 
drift edition of Sheet 66 (Banchory) dating from 
1897 is currently available . Until the present 
study, the drift geology of the assessment area 
had not been mapped in detail. A preliminary 
study of the sand and gravel deposits of 
Strathmore (Aitken, 1983) collated ex1stmg 
information on the distribution of sand and 
gravel resources on the Auchenblae-Catterline 
resource sheet area. This was followed by a 
rapid reconnaissance survey of l: 10,000 sheets 
NO 69 SW and SE in 1984-85 (Smith, 
1986),during which most of the deposits of 
potentially workable sand and gravel occurring 
within the valley of the Water of Feugh were 
identified. Detailed surveying of the drift 
deposits at the 1:10,000 scale by CA Auton in 
1988 forms the basis of the assessment of the 
Strachan resource sheet; the drift deposits of the 
Auchenblae-Catterline resource sheet were 
surveyed by J W Merritt, C W Thomas and C A 
Auton in 1988-89. 



Publications 

There are no Geological Survey memoirs 
covering the assessment area, but there is one 
for the adjacent Sheet 77 (Aberdeen) (Munro, 
1986). The bedrock geology of much of the 
ground covered by the Auchenblae-Catterline 
resource sheet has been described by Campbell 
(1913) and BGS Report 70/12 describes the 
Lower Old Red Sandstone of the Strathmore 
region (Armstrong and Paterson, 1970). An 
excursion guide to the geology of the Aberdeen 
area, edited by Trewin and others (1987), 
provides an up-to-date framework for 
understanding the solid geology of the remainder 
of the ground covered in the present study. 

The sand and gravel deposits were dealt with by 
Anderson (1945) as part of a wartime study of 
resources in Scotland. More recently, Peacock 
and others ( 1977) provided a systematic general 
account of the sand and gravel resources of 
Grampian Region. Mineral Assessment Report 
No. 148 (Auton, Merritt and Ross, 1988) covers 
the adjoining area between Banchory and 
Stonehaven (Figure 1 ). Other sand and gravel 
assessment reports in this series are available for 
the country around Aberdeen (Auton and Crofts, 
1986), Peterhead (McMillan and Aitken, 1981) 
and Ellon (Merritt, 1981 ). 

Solid geology 

The geological classification of the principal 
rock types occurring in the assessment areas is 
shown in Table 1. A brief description of the 
most important features of the solid (bedrock) 
geology is provided here, in order to explain the 
contribution made by the various types of 
bedrock to the composition of the sand and 
gravel deposits in both districts. A sketch map 
of the solid geology of the Strachan resource 
sheet is shown in Figure 2, and one for the 
A uchenblae-Catterline resource sheet in Figure 
3. 

The oldest rocks of the district are the Dalradian 
metamorphic rocks that crop out to the north of 
the Highland Boundary Fault. They include 
resistant rock types such as quartzite and 
psammite (impure quartzite), which form a 
significant proportion of the durable clasts in 
the gravels throughout much of the study area. 
Less resistant metamorphic rocks, such as slate 
(pelite), schist, gneiss (semipelite) and 
metamorphosed limestone, are also present; they 
generally form only a small proportion of the 
gravel clasts, and they are often deeply 
weathered. The presence of large amounts of 
friable metamorphic rock types in sand and 
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gravel can seriously affect the durability of the 
aggregate. 

Table 1 Geological claasification of deposits 

DRIFT (Quaternary) Peat 

SOLID 

Scree 

Alluvium 

Alluvial fan 

Lacuatrine alluvium 

Present-day beach deposits 

Fluvioglacial sand and gravel 

Glacial sand and gravel 

Glaciolacustrine deposits 

Morainic drift 

Flow-till 

Till 

Old Red Conglomerate, sandstone, siltstone, 

Sandstone mudatone, basic andesitic lava and tuff 

Highland Border Serpentinised ultrabasic rocks, spilitic 

Complex lava, chert and mudstone 

'Younger Granites' Poat-tectonic granite 
(Caledonian) 

Dalradian 

Supergroup 

Metasedimentary rocks (mainly 

paammite, pelite, aemipelite and 

calc-ailicate rock) 

Note: Elements of the drift sequence in the 

Catterline-Auchenblae area have been subdivided into 'Inland 

Series' and 'Red Series' on the face of the resource map. 

The Dalradian metamorphic rocks have been 
intruded by coarse- and fine-grained granitic 
igneous rocks, which are categorised as 
'Caledonian', both in Table I and in the 
borehole logs. Kincardine Granite forms most 
of the bedrock in the southern part of the 
Strachan resource sheet area and it also crops out 
in the north-western corner of the 
Auchenblae-Catterline area. Rounded clasts of 
this granite are the predominant component of 
gravels throughout the Strachan assessment area. 
Granitic rocks have been particularly susceptible 
to deep weathering, with the result that much of 
the high ground formed of granite is mantled by 
several metres of decomposed granitic material. 



This deeply weathered rock has been 
incorporated into the drift deposits throughout 
the Strachan district and is responsible for their 
very sandy nature. Most of the coarse- and 
medium-grained sand in the Strachan resource 
sheet area is composed of quartz and feldspar 
derived from granite. 

The Highland Boundary Fault crosses the 
northern part of the A uchenblae-Catterline area 
and separates the highly deformed Dalradian 
rocks from the unmetamorphosed rocks that 
underlie Strathmore. A complex association of 
rocks, known collectively as the Highland Border 
Complex, crop out as fault-bounded slices 
within the fault zone. In the Auchenblae area, 
the Highland Border Complex includes spilitic 
pillow lavas, black shales and beds of chert; 
clasts of these rocks are potentially deleterious, 
but they form only a minor component of the 
gravels in the district. 

Sedimentary rocks of Silurian and Devonian age 
form the bedrock to the south-east of the 
Highland Boundary Fault. These rocks are 
known informally as the 'Old Red Sandstone' 
and they occur within a large basin, the 
Strathmore Syncline. They include 
conglomerate, sandstone, tuffaceous sandstone, 
mudstone and thin beds of siltstone. These 
sedimentary rocks are interstratified with basic 
andesitic and basaltic lavas and volcanoclastic 
rocks. Clasts of friable volcanic rocks, derived 
from the interbedded lavas and tuffs are a major 
component in many of the conglomerates. 
Durable clasts of quartzite, psammite, granite 
and sandstone, derived from conglomerate, form 
a large component of the gravels in the 
Auchenblae-Catterline area. Clasts of tuffaceous 
sandstone, mudstone, siltstone and volcanic rocks 
may be present in significant amounts, and these 
rock types often affect the quality of the 
aggregate adversely. 

In places, beds of conglomerate within the 
Dunnottar, Crawton and Arbuthnott groups of 
the 'Old Red Sandstone' succession (Figure 3) 
have been deeply weathered. This weathered 
conglomerate forms a dense, consolidated gravel, 
which may be several metres thick and it 
constitutes a potential source of coarse aggregate. 
Unfortunately, because these weathered 
conglomerates can contain a large proportion of 
unsound clasts of volcanoclastic rocks, the 
strength of the aggregate is reduced unless they 
are removed by processing. 
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Drift (Quaternary) geology 

Introduction 

The Quaternary history of the study area is 
given below, together with a systematic 
description of the drift deposits. A selective 
glossary of geological terms has been provided. 
Apart from pockets of deeply weathered granite, 
which are potential sources of silty 
coarse-grained sand, and decomposed 
conglomerate, which is a source of poor quality 
coarse aggregate, all other known resources of 
sand and gravel occurring within the area are of 
Quaternary age. In fact, most of the deposits 
were formed less than 15,000 years ago at the 
end of the last glaciation that affected the area. 
The potentially workable Quaternary deposits 
include sand and gravel formed by glacial, 
glaciofluvial and fluvial processes. Glacial 
deposits such as till and morainic drift, and 
glaciolacustrine deposits contain some mineral, 
but most may be regarded as waste. In order to 
fully understand the nature, form and 
distribution of the sand and gravel deposits it is 
important to consider the glacial and post-glacial 
history of the district in some detail. 

The truly 'glacial' deposits of sand and gravel 
occurring in the study area are inherently 
variable in composition, discontinuous in extent, 
and complex in distribution. They are 
consequently more difficult and costly to 
delineate and to assess than the more extensive 
spreads of terraced glaciofluvial and fluvial sand 
and gravel that occur in the major valleys of 
Scotland, such as the Spey or Dee. In general, 
the sand and gravel in the Strachan area is 
restricted to the valleys, where it occurs as 
isolated hummocks and ridges, flat-topped 
mounds and valley-side terraces. These deposits 
mainly lie above the water-table. Large spreads 
of sand and gravel underlie the alluvium of river 
floodplains and low-lying terraces, but these 
deposits are predominantly water-saturated and 
could only be exploited by dredging, a practice 
that is not presently favoured in Scotland. 

In the Auchenblae-Catterline area, the sand and 
gravel is more widespread, occurring not only as 
flat-topped mounds and terraces, but also as 
linear ridges. Most of these deposits occur 
above groundwater level , but discontinuous 
spreads within the alluvium of the rivers are 
mainly water-saturated. 



' OLD RED SANDSTONE' (DEVONIAN ) 
Strathmore Group 

Conglomerate 

Sandstone 

Mudstone 

Garvock Group D Conglomerate 

Arbuthnott Group IA ) 

T uffaceous sandstone including 
agglomerate and lava 

Conglomerate , including 

agglomerate and lava 

Dunnottar ID) and Crawton IC) Groups 

D Conglomerate, including agglomerate 
and lavas. lintrathen lgnimbrite (dots) 
at top ot" Crawton Group 

/ 

/ 
/ 

/ 

....... -

BO 

---
EXTRUSIVE IGNEOUS ROCKS !DEVONIAN) 

Lava and agglomerate. mainly 
porphyritic basi c andesite 

'OLD RED SANDSTONE' (SILURIAN) 
St onehaven Group D Sandstone 

HIGHLAND BORDER COMPLEX (ORDOVICIAN) 

Mudstone and pillow-lava 

K)NCARDINE GRANITE (CALEDONIAN) 

Granite, mostly coarse-grained 
porphyritic and pink 

DALRADIAN SUPERGROUP (Late PRECAMBRIAN) 
Southern Highland Group 

Psammit e (predominantly) 

Pelite and semipelite 

BO 

89 CA 78 E 

- -L- - Fault w ith d irection of downthrow 

_.I_ ......l..L Thrust fault, possible t hrust fault 

Wrench fault w ith direction of movement 

HBF 
Highland Boundary Fault 

,/,o Dip of strata 

Vertical strata 

V ery steeply d ipping strata 

0 2 kilometres 

Figure 3 . Map showing the ~o lid geology of th e Au chenblae - Catte rlin e resource sheet-area 

-



The late-Devensian glaciation 

North-east Scotland was glaciated several times 
during the Pleistocene epoch (1.7 million to 
l O OOO years ago). These glacial episodes 
modified the land surface by widening and 
deepening river valleys, breaching watersheds 
and polishing and striating outcrops of resistant 
bedrock. Most of the glacial drift deposits 
preserved are thought to have formed during the 
last (Devensian) glacial period, because erosion 
associated with each successive ice advance 
largely removed the sediments laid down during 
previous glaciations. 

The late-Devensian ice-sheet reached its 
maximum extent in north-east Scotland about 
18 OOO years ago. The Strachan district was 
covered by ice that flowed eastwards from 
accumulation centres in the Grampian 
Highlands. Most of Auchenblae-Catterline 
district, however, was covered by a separate 
ice-stream, the Strathmore lobe, which flowed 
north-eastwards along the south-eastern flank of 
the Grampian Highlands and then 
north-north-eastwards along the coast (and 
off -shore) towards Aberdeen. The former zone 
of confluence between the Grampian ice-sheet 
and the Strathmore lobe can be ascertained quite 
precisely because there are marked differences 
in the nature of the deposits derived from the 
two ice masses. Following the practice adopted 
in Mineral Assessment Report 148, the deposits 
laid down by the Grampian ice-sheet and those 
laid down by the Strathmore lobe have been 
identified as belonging to the 'Inland Series' and 
'Red Series' respectively after Hall (1984) and 
Connell and Hall (1987). The Strathmore lobe 
produced deposits of till containing abundant 
erratics of 'Old Red Sandstone' rock-types 
whereas the Grampian ice-sheet generally 
yielded deposits containing erratics of 
metamorphic rocks and granite. 

All of the glacial deposits in the Strachan area 
are of Inland Series type, together with those 
occurring in the north-western part of the 
Auchenblae-Catterline assessment area. Most of 
the glacial deposits in the remainder of the 
district are of Red Series type. The two suites 
of deposits are distinguished on the face of the 
Auchenblae-Catterline resource sheet and the 
former zone of confluence between the two ice 
masses can be traced north-eastwards from the 
vicinity at Saugh Bog [703 805] to Elf Hillock 
[80 l 848] at the northern margin of the map. 

It is debatable whether the late-Devensian 
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ice-sheet began to thin initially as a result of 
snowfall becoming inadequate to sustain it, or 
whether deglaciation only began following a 
general rise in mean annual temperature. It is 
clear, however, that after about 18 OOO years 
ago, the higher ground in the district started to 
become free of ice. The ice-sheet gradually 
shrank into separate glaciers within valleys that 
had formed prior to the late-Devensian, 
especially those that were orientated parallel 
with the general direction of flow. Continued 
ice-wastage led to the accumulation of sheets of 
glacial outwash sand and gravel beyond the 
margins of the retreating or stagnating ice. 
Glacial meltwater streams cut complex networks 
of channels beneath the ice and across the 
ground that had become deglaciated. 
Commonly, meltwater became ponded 
temporarily behind residual masses of ice or 
barriers of debris left in the main valleys. A 
large amount of gravel , sand , silt and clay was 
deposited as fan-deltas in these temporary 
proglacial lakes. 

The Grampian ice-sheet and the 'Inland Series' 

The drift deposits of the 'Inland Series' have 
been derived from the Grampian ice-sheet; they 
are predominantly yellowish-brown or grey in 
colour and contain a preponderance of locally 
derived clasts of igneous and metamorphic 
bedrock. Although direct evidence for the 
direction of ice movement, such as glacial 
striations on exposed bedrock, is scarce, the 
overall direction of movement appears to have 
been from west to east, i.e. from the Grampian 
Highlands and towards the coast. The direction 
of flow was more variable locally, being 
governed largely by the local topography. 

The 'Inland Series' deposits include stiff, clayey 
diamicton (boulder clay), friable sandy 
diamicton, sand, gravel , silt and clay. Moraines 
formed of very poorly sorted glacial debris were 
laid down at the ice margins in the valleys 
during the deglaciation. As the ice melted, 
morainic material was commonly deposited on 
top of previously deposited sand and gravel, 
lodgement till and areas of newly exhumed 
bedrock. The moundy deposits have been 
classified as 'morainic drift' and they form 
ridges that stand up to 20 m above the 
surrounding ground surface. They are formed 
of a complex mixture of clayey and sandy 
diamictons, intercalated with lenses of poorly 
stratified, often clay-bound, sand and gravel. 
The material was deposited in contact with 
glacier-ice with minimal water sorting and it 



forms both elongate ridges on the flanks of 
valleys (lateral moraines) and transverse ridges 
lying across valley-floors (recessional moraines). 
The latter mark the pos1t10ns of minor 
still-stands during the retreat of a valley glacier. 
Lateral moraines are well-developed on the 
southern side of the valley of the Water of 
Feugh in the vicinity of the Moss of Powlair 
[624 911) and on both sides of the valley of the 
Burn of Greendams, to the south-west of 
Rouchan [640 897]; a steep sided recessional 
moraine, up to 16 m high lies across the valley 
floor at Rouchanbeg [645 898). 

As the ice-sheet decayed, sediment-laden 
meltwaters issued from subglacial or englacial 
tunnels to form moundy spreads of poorly 
sorted, glacial sand and gravel. Material 
deposited within subglacial and englacial tunnels 
now forms sinuous, steep-sided ridges called 
eskers. The englacial deposits were let down 
onto the land surface as the ice, in which they 
were contained , melted. Eskers commonly cut 
obliquely across the present topography and 
invariably their internal stratification shows 
evidence of post-depositional collapse. 

Proglacial meltwaters deposited extensive spreads 
of fluvioglacial sand and gravel within the 
principal valleys as they became free of ice. 
Kame-terraces were laid down by meltwater 
streams that flowed between glaciers and 
ice-free ground on the valley sides. These 
streams generally deposited coarse outwash 
material that interdigitates with flow-till. When 
the ice that occupied the valleys finally melted, 
these kame-terrace deposits were left as linear, 
flat-topped spreads of sand and gravel, standing 
up to 30 m above the floodplains of the present 
rivers . 

The surfaces of kame-terraces and other types 
of outwash deposit are often deeply pitted 
(kettled), indicating that large blocks of ice were 
incorporated in the deposits as they were laid 
down. These ice blocks were partially insulated 
by a covering of outwash debris and remained 
frozen for some time after most of the 
surrounding land surface had become ice-free. 
When the buried blocks finally melted, large 
hollows, known as kettle-holes, were formed. 

Stages of deglaciation in the Strachan area 

In the Strachan area, four stages of deglaciation 
of the Feugh basin have been recognised (Crofts, 
1974) based on the distribution of meltwater 
channels, eskers and kame terraces. The first 
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stage was characterised by active movement of 
the ice-sheet, which deposited till on the 
lower-lying ground. Glacial meltwater eroded 
drainage channels at higher levels on the 
interfluves; the Slack of Dye and Deil's Oxter 
drainage channels are good examples (see 
geomorphology map on the Strachan resource
sheet). 

The second stage was one of ice stagnation . 
This was associated with overflow channels and 
glacial drainage channels that were incised across 
the lower-lying cols in the area. For example, 
spreads of fluvioglacial sand and gravel within 
the valley of the Burn of Brooky were deposited 
by water derived from melting ice that occupied 
the upper part of Glen Dye. The meltwater 
flowed across the col between Craigangower 
[642 890) and the Ord at Tillyfumerie,towards 
the centre of the basin, whilst ice blocked 
drainage along the lower part of the valley of 
the Water of Dye. The glacial drainage channels 
within the Den of Till ygarmond were formed at 
about the same time, and the Till ygarmond and 
Waulkmill Eskers were laid down by meltwater 
that drained south-eastwards within ice that 
covered the adjacent lower-lying ground. 

During the third stage of deglaciation , 
topographic differences were thought to have 
increasingly influenced the orientation of glacial 
drainage and the distribution of fluvioglacial 
deposits in the valley of the Water of Feugh. 
Most of the eskers that rise above the level of 
the terraced fluvial deposits in the floor of the 
valley were formed during this stage, and 
kame-terraces, such as those at Pitdelphin Wood 
[654 907), were laid down. 

The final stage of deglaciation was accompanied 
by the melting of blocks of ice buried within 
fluvioglacial sand and gravel, which produced 
the characteristic kettled topography of the 
kame-terraces. 

The Strathmore ice-stream and the 'Red Series ' 

As explained above, there is clear evidence that 
during the last (Devensian) glaciation at least 
two ice-streams were confluent in the 
north-western part of the Auchenblae-Catterline 
assessment area. The deposits of the Strathmore 
ice-stream are characteristically of a vivid 
red-brown colour due to their high content of 
comminuted sandstone, siltstone and mudstone 
material derived from the Old Red Sandstone 
rocks; they are thought to be the onshore 
equivalent of the Wee Bankie Formation 



described by Stoker, Long and Fyfe (1985) from 
the adjacent part of the North Sea. They 
include clayey and sandy diamictons, sand , 
gravel, finely-laminated sandy silt and stiff, 
waxy clay. This suite of deposits was formerly 
termed the 'Red Clay Series' by Jamieson (l 906) 
and the 'Strathmore Drift' by Bremner (I 934a). 
The term 'Red Series' was introduced by Synge 
(I 956) and adopted by Auton, Merritt and Ross 
(1988) when they described these deposits in the 
adjacent Stonehaven area. 

The direction of ice-movement, as indicated by 
glacial striae, erratic trains and ice-moulded 
bedrock features, was from the south-west 
towards the north-east. This trend is followed 
by many of the glacial drainage channels, 
particularly those crossing the low-lying ground 
between Drumlithie and the coast. This 
alignment of drainage channels was first noted 
by Bremner (1920, 1934b ), who postulated that 
some formed as overflow channels that were 
eroded during the southward retreat of the 
Strathmore ice-lobe. Many eskers, such as those 
at Little Wairds and Fawsyde are also aligned 
SW-NE (see glacial geomorphology map on the 
A uchenblae-Catterline resource sheet). The 
Fawsyde Esker emerges from the Den of Ery 
drainage channel, indicating lateral change from 
subglacial erosion to englacial deposition. 

The Den of Luckyfeal (813 833] is a particularly 
fine example of a subglacially formed meltwater 
channel. It has an undulating longditudinal 
profile and the meltwater quite clearly was 
constrained to flow in a north-easterly direction 
across the interfluve. Site investigation 
boreholes show that sand and gravel lies at the 
base of the channel, but that it has been 
concealed beneath till. 

In the western part of the Auchenblae-Catterline 
area, glacial drainage was directed towards the 
south and east as the ice that covered the high 
ground melted and the Strathmore lobe retreated 
south-westwards and shrank towards the centre 
of the Strathmore basin. Thick spreads of 
glacial sand and gravel interbedded with 
flow-till were laid down close to the margin of 
the decaying Strathmore ice-lobe; these deposits 
typically form hummocky topography, as at 
Candy [704 801 ], for example, to the east of 
Drumlithie. Between Auchenblae and 
Drumlithie, however, the sand and gravel forms 
a series of E-W trending ridges up to 15 m high. 
These features are possibly recessional moraines 
that mark successive retreat positions of the 
former ice- margin. 
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Melting of the ice was accompanied by the 
formation of many temporary lakes, ponded by 
ice and glacial debris on the low-lying ground. 
Many of these former lake basins, such as those 
seen to the south of Auchenblae , are infilled by 
glaciolacustrine silt and clay capped by thin 
spreads of alluvial sand and gravel. 

The Windermere lnterstadial and Loch Lomond 
Stadia/ 

Deglaciation appears to have been completed in 
the district by around 12 OOO years ago, but 
glaciers returned to the mountainous areas of 
Scotland during the subsequent cold period 
called the Loch Lomond Stadial, which occurred 
between 11 OOO and 10 OOO years ago. The 
study area experienced periglacial conditions 
during this period. It is debatable whether any 
remnants of the former ice-sheet still blocked 
drainage in the valleys during this return to a 
cold climate, but solifluction and mass-wasting 
certainly caused considerable downs lope 
redistribution of unconsolidated material at this 
time. This contention is supported by the 
radiocarbon dating of a bed of peat, intercalated 
with sandy silt, that was discovered during this 
survey at Knockhill Wood [7667 8012], on the 
southern side of the valley of the Bervie Water, 
south of Glenbervie. The interbedded peat and 
silt, which is both overlain and underlain by 
stiff, reddish-brown , clayey diamicton, has 
yielded 14c ages of 12,460 ± l 30BP, 
12,305 ±50 BP and 12, 340 ± 50BP. These ages 
indicate that the peat formed during the 
comparatively warm Windermere (Lateglacial) 
Interstadial, as confirmed by pollen analysis 
(M J C Walker, pers. comm.). This suggests 
that the diamicton overlying the peat was 
formed by the mass-movement and 
resedimentation of till from higher up on the 
valley side, probably during the Loch Lomond 
Stadial. 

The Holocene 

The present warm, interglacial climate 
commenced at the beginning of the Flandrian 
Stage (Holocene), around I O OOO BP. Reduction 
in annual snow melt in the river catchments led 
to decreased fluvial activity in the valleys. The 
braided , multi-channel river regime typical of 
the periglacial climate of the Loch Lomond 
Stadial changed to the present single-channel, 
sinuous river regime. As a result of this change 
the fine-grained floodplain alluvium in the main 
river valleys commonly conceals gravel deposits 



Table 2 Mean grading-a of potentially workable deposits ; Strachan resource sheet 

Mean grading percentage 

(sir;es in mm) 

Number Number Fines Fine Medium Coarse Fine Coarse Cobbles 
Deposits of data of samples 1and sand sand gravel gravel and 

points• boulders 
m m -.063 .063- .25 .25- 1 1-4 4-16 16-64 +64 

Fluvioglacial sand 27 101 4 7 24 30 16 11 8 
and gravel 
Glacial sand 14 32 3 3 15 27 15 19 18 
and gravel 
Alluvial fan deposits 4 8 6 4 15 22 14 21 18 
Alluvium 10 15 6 6 19 25 15 20 9 
Morainic drift 5 7 2 2 13 21 15 13 34 
Potentially workable 5 6 16 11 20 24 15 10 4 
till 
Decomposed Granite 5 5 9 6 16 35 28 5 1 

• Including assessment boreholes , trial pita and measured sections 

Table 3 Mean grading-a of potentially workable deposits ; Auchenblae-Catterline resource sheet 

Mean grading percentage 

Depo1it1 Number Number Fines Fine 
of data of sand 
points• samples 

-.063 .063-.25 

Glacial sand 43 215 8 25 
and gravel 

Fluvioglacial 
1and and gravel 8 30 4 7 

Alluvium 7 2 7 6 

Weathered 8 14 7 11 
Conglomerate 
Bedrock 

• Including aaaeaament boreholes, trial pita and measured sections 

that were deposited earlier by braided-rivers. 
The youngest superficial deposits include 
alluvium associated with the present drainage, 
blanket peat on the high ground, and beach 
deposits. Spreads of lacustrine alluvium and 
peat underlie marshy ground within the sites of 
former lochs. The lacustrine alluvium generally 
comprises finely interbedded silt, clay and 
fine-grained sand, and often overlies laminated, 
silty glaciolacustrine deposits. Shingle beaches 
occur in the sheltered bays and havens along the 
coast. 

COMPOSITION OF THE MINERAL DEPOSITS 

Potentially workable sand and gravel is found 
mainly in deposits classified as fluvioglacial sand 
and gravel, glacial sand and gravel and alluvium. 
In addition, some occurrences of morainic drift, 
till and weathered bedrock form potential 
sources of poor grade aggregate. 

Details of the particle size distributions of the 
mineral-bearing deposits in the survey area are 

(air;es in mm) 

Medium Coarse Fine Coarse Cobbles 
aand sand gravel gravel and 

boulders 
.25-1 1-4 4-16 16-64 +64 

---
26 12 13 13 3 

37 21 17 12 2 

11 14 22 27 13 

14 10 20 27 12 

given in Tables 2 and 3 and they are shown 
graphically in Figures 4 and 5. Each curve 
represents the cumulative mean grading of all 
the bulk samples of potentially workable sand 
and gravel taken from each type of deposit; the 
envelope within which the mean gradings from 
individual sample points fall, is also shown. The 
mean gradings are also represented in graphical 
form as histograms. 

Mean grading data for seven mineral-bearing 
deposits in the Strachan resource sheet area are 
given in Table 2 and Figure 4. Mean grading 
data is included separately for potentially 
workable till (Mineral II) and morainic drift; the 
latter is classified as Mineral I. 

The mean particle size distributions (gradings) of 
the four principal mineral-bearing deposits of 
the Auchenblae-Catterline resource sheet area 
are given in Table 3 and Figure 5. The mean 
grading for workable bedrock derived from 
weathered Old Red Sandstone conglomerate 
(Mineral II) is also given. 
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Figure 4a. Mean grading characteristics of potentially workable fluvioglacial sand and gravel, 
glacial sand and gravel, alluvial fan deposits and alluvium; Strachan resource sheet 
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(i) GLACIAL SAND AND GRAVEL (ii ) FLUVIOGLACIAL SAND AND GRAVEL 

100 , --- - -- - -- -- - -- --- 100 ,----
I 

I 
I 

90 
I 90 

I 

I I 

I I 

80 
I 8 0 I 
I 

"' I "' I 
C: 

C: 

·;;; I 
·;;; I 

"' 70 "' 70 I 
., 

I 

., 
I 

c. 
c. I 

E 
I E 

I I 
60 I 

60 I 

"' I "' I I 

·.; ·.; 

,: I I 
,: I I 

50 I I 
50 I I 

> I I 
> I I ., ., 

I I I I 

Q) 40 I I 
Q) 

40 I / 

"' I "' ., ., I / 

c I c / 
I / 

Cl) 30 I 
Cl) 30 

0 I 
0 

/ 

a; I 
a; 

0.. I 0.. 

20 I 
I 20 

I 
/ 

10 10 

0 0 I 

0 .063 0 .25 1.0 4 .0 16 .0 64 .0 0 .063 0 .2 5 1.0 4 .0 16.0 64 .0 

Aperture size in millimetres Aperture size in mill imetres 

(ii i) ALLUVIUM (iv ) CONGLOMERATE 

10 0 / 
100 - --

/ / -
I 

90 I 
/ 

/ 

90 / 

I I 

8 0 
I 

"' I 
C: I ·;;; 
"' 70 I ., I c. 
.E 

I 

Cl 60 I 
·;;; I 

,: I 

50 I 
> I 
~ I 

8 0 I 

"' I 
C: I ·~ 70 ., I 
c. I 
E 60 I 

"' I 
·;;; I ,: 50 I 
> I ~ 

" I 
Cl 40 / ., 
c / 

" 
/ 

u 30 / 
a; / 
0.. / 

20 
/ 

/ 

Cl) 40 I 
Cl / ., 
c / 

Cl) 30 0 
a; 
0.. 

20 
/ 

/ 
/ 

10 / 10 

0 
0 

0 .0 6 3 0 . 25 1.0 4 .0 16.0 64.0 0 .063 0 .25 1.0 4 .0 16 .0 64 .0 

Aperture size in millimetres Apertu re size in millimetres 

19 C.t. 18 J 

Figure 5. Mean grading characteristics of potentially workable glacial sand and gravel , 

fluvioglac ial sand and gravel , alluvium and decomposed conglomerate; Auchenblae/ Catterline 

resource sheet 
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In order to have sufficient material for the 
mechanical and physical tests and lithological 
analysis , samples from more than one sample 
point were amalgamated, giving 19 composite 
samples. The mechanical and physical tests and 
the lithological analyses were carried out on the 
l 0-14 mm size fraction. The source of each 
composite sample is shown in Table 4. In 
general, each composite sample represents a 
group of deposits that are regarded as being 
geologically or geomorphologically similar. 

The mechanical and physical tests are described 
in the next section. 

Lithological analyses (pebble-counts) were 
conducted on 13 of the 19 composite samples 
taken from assessment boreholes, pits and 
working quarries in the two resource sheet areas. 
The rock classification scheme used for the 
pebble-counts is shown in Table 5; it is similar 
to that used in Mineral Assessment reports 146 
and 148 for adjoining assessment areas to the 

north around Aberdeen, although the names for 
each group based on a single rock type have 
been omitted. In using this classification 
scheme, comparison can be made between the 
clast lithologies of similar mineral deposits from 
all the resource sheets in the Aberdeen area. 
The scheme is based partly on the parameters 
used to establish the British Standard Groups 
( trade groups) of rock identified in BS 
812. l: 1975, and partly on the classification 
scheme proposed by Knill (1963, Table 4). Not 
all of the rock groups listed in Table 5 are 
present in the study area. 

Some of the rock groups broadly coincide with 
the British Standard Groups, but others do not. 
For example, Group 2 in this scheme combines 
the 'granite', 'quartzite' and part of the 
'gritstone' groups of the British Standard. A 
more comprehensive geological subdivision of 
the pebble lithologies is used in the logs for 
individual boreholes, pits and sections given in 
Appendix F. 

Table 4 Source and geological claaaiCication of composite samples used in pebble counts and mechanical 
and physical teats 

Source Composite Geological claaaification Boreholes and pita Depth range 
sample of composite samples from which samples (m) 
number were taken 

STRACHAN RESOURCE SHEET 

Glen Dye 1 Fluvioglacial sand and gravel NO 68 NW 2 0 .1 - 3.1 
NO 68 NW 3 2 .5 - 4 .8 
NO 68 NW 4 0 .3 - 2.4 
NO 68 NE 2 0 .0 - 2.7 
NO 68 NE 7 0 .3 - 9.1 

Bogam 2 Fluvioglacial aand and gravel NO 68 NE 1 0 .4 - 16.7 
NO 69 SE 5 0 .1 - 12.5 
NO 69 SE 8 0 .2 - 19.6 
NO 69 SE 24 0 .4 - 4.8 

Water of Feugh/ Alluvial and fluvioglacial NO 69 SW 1 0.3 - 17.0 
Water of Aven aand and gravel NO 69 SW 9 0.4 - 5.4 
(sub-block Bl) NO 69 SW 13 0.9 - 3.0 

NO 69 SW 15 0.3 - 2.7 
NO 69 SW 19 0 .4 - 2.1 
NO 69 SW 20 0 .3 - 6.1 

Tillygarmond/ 4 Glacial sand and gravel with NO 69 SW 23 0 .1 - 1.5 
Waulkmill/Pitdelphin abundant clasts of metamorphic NO 69 SW 24 0 .1 - 4.6 
esken rocks NO 69 SW 25 0 .4 - 3.6 

NO 69 SW 27 0 .1 - 2.7 
NO 69 SE 6 0.2 - 5.2 
NO 69 SE 7 3.1 - 4.6 

Valley of the Water 5 Glacial sand and gravel with NO 69 SW 6 0 .3 - 5.0 
of Feugh/Rouchan abundant clash of granite NO 69 SW 8 0.1 - 2.1 
eaken NO 69 SE 9 0.2 - 5.3 

NO 69 SE 11 0 .4 - 4.4 
NO 69 SE 14 0 .3 - 10.3 
NO 69 SE 16 0 .3 - 4 .5 

Water of Feugh 6 Alluvial and fluvioglacial NO 69 SW 21 0.3 - 8.9 
alluvium and aand and gravel NO 69 SE 2 0 .2 - 10.1 
terracea (sub-block B2) NO 69 SE 3 0 .3 - 2.3 

NO 69 SE 10 0 .3 - 3.1 
NO 69 SE 13 0.4 - 2.7 

Cammie Mill area 7 Glacial and fluv ioglacial 1and NO 69 SE 12 0 .2 - 5.8 
and gravel NO 69 SE 15 0 .4 - 1.5 

NO 69 SE 16 0 .0 - 6.5 
NO 69 SE 17 0.1 - 10.0 
NO 69 SE 19 0.0 - 5.0 
NO 69 SE 21 0 .0 - 12 .8 
NO 69 SE 22 0 .0 - 4.5 
NO 69 SE 23 0 .2 - 1.1 
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AUCHENBLAE-CATTERLINE RESOURCE SHEET 

Auchenblae 

Bomerahanoe Wood 

Bankhead - Eaat 
Mondynea belt 

Fordoun - Kair area 

Pitdrichie &rea and 
Little Wairda Eaker 
(Eastern marginal 
be! t and eakera) 

Drumlithie area 
(Central body) 

Glenbervie 
(alluvial deposits) 

Greenden 

Catterline area 

Auquhirie 

Criggie 

Lochburn -
Newtonleys 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Fluvioglacial and alluvial 
sand and gravel 

Glacial sand and gravel 

Glacial sand and gravel 

Fluvioglacial aand and gravel 

Glacial sand and gravel 

Glacial sand and gravel 

Alluvial sand and gravel 

Glacial sand and gravel 

Glacial sand and gravel 

Glacial aand and JraVel 

Glacial sand and gravel 

Conglomerate, ice-disturbed 

The results of the petrological analyses are given 
in Table 6. It is quite clear that rocks of Group 
2 predominate in all but one of the samples 
analysed from the Strachan area, with the bulk 
of the clasts being made up of granitic 
lithologies. In contrast, the samples from the 
Auchenblae-Catterline area are dominated by 
tough sandstones, grits and psammites, but also 
contain much higher quantities of highly 
weathered and other deleterious rocks (Group 1 ). 

In both resource sheet areas the main accessory 
rock types are generally volcanic rocks from 
Groups 4 and 5 with schistose rocks (Group 7) 
being abundant locally. Cryptocrystalline 
siliceous rocks are rare. 

Strachan sheet 

Fluvioglacial sand and gravel 

Much of the potentially workable sand and 

NO 77 NW 2 0.3 - 5.8 
NO 77 NW 3 0.1 - 7.4 
NO 77 NW 4 1.3 - 9.4 
NO 77 NW 6 0.4 - 4.7 
NO 77 NW 7 1.5 - 2.4 

NO 77 NW 8 0 .3 - 4.5 

NO 77 NW 5 0.3 - 11.9 
NO 77 NW 9 0.2 - 6.6 
NO 77 NW 10 0.9 - 20 .6 
NO 77 NE 1 0.2 - 23 .2 
NO 77 NE 5 0 .9 - 2.7 

NO 77 NW 11 0 .3 - 7.1 
NO 77 NE 3 0.5 - 2.5 

NO 77 NE 16 0 .3 - 4.2 
NO 77 NE 17 0.2 - 4.8 
NO 78 SE 6 0.3 - 3.6 
NO 78 SE 7 4.5 - 17.3 
NO 78 SW 2 19.0 - 20.0 

NO 77 NE 10 1.8 - 3.7 
NO 78 SE 8 0 .0 - 5.4 
NO 78 SE 9 3 .1 - 12.2 
NO 78 SE 10 1.3 - 12.8 

NO 78 SE 1 0.5 - 3.5 
NO 78 SE 2 0.3 - 2.3 

NO 87 NW 2 0 .2 - 3.3 
NO 87 NW 3 0.1 - 5.3 

NO 87 NE 1 0 .1 - 2.8 
NO 87 NE 2 0 .3 - 4.5 
NO 87 NE 3 0.4 - 6.1 
NO 87 NE 4 0 .3 - 4.0 
NO 87 NE 5 0.2 - 10.4 

NO 88 SW 1 0.9 - 1.9 
NO 88 SW 3 0.1 - 3.8 
NO 88 SW 4 0.0 - 3.7 
NO 88 SW 5 0.2 - 3.8 
NO 88 SW 6 0.2 - 8 .3 
NO 88 SW 7 6 .2 - 11.2 

NO 88 SW 8 0.3 - 10.0 

NO 88 SE 1 0.3 - 3.8 
NO 88 SE 2 0.2 - 3 .5 

gravel in the Strachan area occurs within the 
flat-topped mounds and terraced spreads of 
fluvioglacial sand and gravel that flank the 
Water of Feugh and its tributaries; fluvioglacial 
deposits also commonly underlie floodplain 
alluvium and form kettled terraces up to 25m · 
high. The fluvioglacial sand and gravel has a 
mean grading of 4 per cent fines, 61 per cent 
sand and 35 per cent gravel (sandy gravel). 
However, there is relatively wide variation in 
gradings between individual sample points, as is 
shown by the broad envelope in Figure 4a(i), 
indicating considerable local variation in the 
deposits. 

The fluvioglacial deposits occur characteristically 
in multiple coarsening-upwards sequences. 
Individual units are generally moderately 
well-sorted and often well-bedded, often with 
low angle cross-stratification. Overall, the 
deposit is medium to coarse-grained, with a 
poorly developed mode in the coarse sand 
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Table 6 Lithological classification of pebbles used in this report 

Toughneaa Composition Fissility Grain Size 

Friable 

Tough Silicate 

Coarse to 
medium-
grained 
rocks 

Medium to 
Homogeneous fine-grained 
or banded rocks 
but not ( disregarding 
fissile phenocrysts or 

porphyroblaats) 

Crypto-
cry1ta.lline 

Colour 

pale 

dark 

pale 

dark 

Group 

1. Mudstone, shale, coal, poorly - cemented 
sandstone , badly weathered igneous or 
metamorphic rocks 

2. Granite, granodiorite, syenite , pegmatite, 
vein-quartz, quartz ite, coarse-grained 
sandstone, arkoae, psamrnite, gneiss 

3. Gabbro , norite, diorite , coarse-grained 
greywackea and metagreywackes 

4. porphyries, aplite, felaite , 
rhyolite, trachyte, pale homfels, calc -
1ilicate rock, fine - grained sandstones 

5. basalt, andesite, serpentinite, microdiorite, 
lamprophyre , fine-grained greywackes and 
metagreywackes, semipelite, dark homfels, 
dolerite, amphibolite 

6 . chert/ and 1ilicified rocka 

Coarse to medium- 7. mica- schist , quartz -mica-schist, 
hornblende-schist grained rocks 

Fissile 

rocks Fine- grained rocks 8 . Slate, phyllite 
( disregarding 
porphyroblaats) 

Non-
silicate 

Tough rocks known to be deleterious in concrete 

fraction. · In the samples graded, fine and coarse 
gravel constitute, by weight, 16 per cent and 11 
per cent of the material respectively; cobbles 
account for 7 per cent. 

The most extensive fluvioglacial deposits occur 
in the vicinity of Cammie Wood (Table 4, 
sample 7), forming kettled topography, and in 
the vicinity of Bogarn (Table 4, sample 2) where 
kettled outwash mantles the interfluve between 
the Water of Dye and the Burn of Strathy. The 
gravel from the Cammie Wood deposits is 
composed mainly of angular to subangular clasts 
of granitic rocks with lesser amounts of 
quartzite, psammite and vein-quartz; clasts of 
schist, porphyry, felsite and highly weathered 
rocks, chiefly of volcanic ongm, are also 
common. Granitic material constitutes the bulk 
of the gravel from the Bogarn area, with a lesser 
amount of porphyry and felsite. 

Significant quantities of fluvioglacial sand and 
gravel also occur beneath the floodplains and 
low-lying terraces in the valleys of the Waters of 

9. Limestone , dolomite , marble, ironstone 

10. Rocks known to shrink in concrete e.g. 
1ome greywackes . Rocks which react with 
cement e.g. those containing pyrite or 
sulphates 

Feugh and Aven (Table 4, samples 3, 6). The 
clasts in these gravels are dominated by granitic 
rocks with significant proportions of porphyry 
and felsite . 

Gravel from fluvioglacial deposits in Glen Dye 
(Table 4, sample 1) has much the same 
composition as that from deposits in the valley 
of the Water of Feugh. 

Glacial sand and gravel 

Deposits classed as glacial sand and gravel are 
much less extensive than the fluvioglacial 
deposits on the Strachan sheet. They are 
generally restricted to esker ridges composed of 
complex sequences of sand and gravel which 
vary greatly in composition and grading, both 
laterally and vertically; for the most part, the 
deposits are poorly sorted and stratified. 
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The overall grading of samples of glacial sand 
and gravel is 3 per cent fines, 52 per cent sand 
and 49 per cent gravel (Figure 4a(ii)). The 



Table 6 Lithological analysis {pebble counts) of composite test samples (see Table 4 for origin of samples and Table 5 for 

lithological classification 

STRACHAN SHEET AUCHENBLAE-CATTERLINE SHEET 

Composite sample number 

Lithological Rock 
Group Types 

1 

2 

Mudstone friable aandatone 
and highly weathered rocks 

Granite and granodiorite 
Vein quart and pegmatite 
Psammite , quartzite and 
non-friable sandstone 

92 
2 
1 

2 

0 

79 
4 
1 

3 

0 

77 
2 

•• 

4 

7 

18 
42 
7 

5 

•• 

76 
5 
1 

6 

3 

69 
2 
3 

7 

15 

37 
15 
6 

10 

9 

1 
11 
52 

12 

39 

•• 
9 

31 

13 

29 

3 
4 

46 

15 

20 

1 
7 

33 

16 

30 

1 
9 
5 

17 

41 

2 
11 
7 

Group: undivided 95 84 79 67 82 74 58 

4 

64 40 

1 

53 

1 

41 15 

2 

30 

3 

4 

6 

6 

7 

8 

10 

Norite, diorite and 
gabbro 

Porphyry and felsite 

Andesite, basalt, dolerite 
and amphibolite 

Chert and silicified rocks 

Mica-schist, quartz- mica 
schist and hornblende- schist 

Slate, phyllite 

Rocks known shrink in 
concrete, eg. some 
greywackea 

•• •• 

5 H 20 

•• 1 1 

•• 

7 

9 

3 

7 

2 

15 

•• 

1 

21 

1 

•• 

11 

11 

5 

13 

5 

4 

14 

2 

3 

•• 

3 

10 

.. 
4 

10 

25 

2 

2 

25 

25 

2 

4 

22 

1 

2 

Number of pebbles counted 

Angularity 

815 458 452 267" 477 544 611 420 436 379 368 372 332 

a-ar a-1r a-1r a-ar a-ar a-ar a-ar a- ar a-ar a-ar a-sr a-sr a-sr 

• Total sample counted 

•• Trace amounts (less than 0.5 per cent) 

a = angular ar = subrounded 

Results are given as frequency percent 

higher proportions of coarse and cobble gravel 
serve to distinguish the glacial sand and gravel 
from deposits of fluvioglacial origin. 

Based on the lithology of the contained clasts, 
two suites of eskers are recognised in the 
Strachan area. Gravel from the Tillygarmond, 
Waukmill and Pitdelphin eskers (Table 4, sample 
4) is characterised by a high proportion of 
quartzite and psammite. In contrast, gravel from 
the eskers in the valley of the Water of Feugh 
and in the vicinity of Rouchan are composed 
chiefly of gran1t1c clasts with moderately 
abundant amounts of porphyry and f elsite. 

Alluvial fan deposits 

Most of the alluvial fan deposits on the Strachan 
sheet are composed of clast-supported sand and 
gravel with well-developed, subhorizontal 
stratification. The deposits have a mean grading 
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of 6 per cent fines, 41 per cent sand and 53 per 
cent gravel (Figure 4a(iii)). The material is 
moderately well-sorted and is somewhat coarser 
than other alluvial deposits in the area. No 
composite samples were prepared specifically to 
represent the alluvial fan deposits, but some 
material was included in composite sample 3 
(Table 4). The gravel from the alluvial fan 
deposits in the valley of the Water of A ven is 
composed predominantly of granite, whereas 
alluvial fan gravels from the valley of the Water 
of Feugh contain significant amounts of 
psammite and quartzite. 

Alluvium 

Most of the river alluvium on the Strachan sheet 
comprises thin spreads of sand and gravel 
overlying coarse fluvioglacial gravel. However, 
lacustrine alluvium and floodplain alluvium of 
the smaller tributary streams is composed largely 



of sand, silt and clay. The mean grading of 
samples of the alluvium is 6 per cent fines 50 
per cent sand and 44 per cent gravel 
(Figure 4a(iv)). The lithological composition of 
the gravel in the alluvium is the same as the 
underlying fluvioglacial deposits (Table 4, 
samples 3,6); the alluvium is distinguished from 
the fluvioglacial deposits by being slightly more 
clayey and pebbly. 

Morainic drift and potentially workable till 

Large amounts of low grade, heterogeneous sand 
and gravel in the form of morainic drift occur 
to the south of the valley of the Water of Feugh 
on the Strachan resource sheet. The material, 
which is generally delineated on the basis or' 
landform, is typically very poorly sorted and 
slightly cohesive. The mean grading is given in 
Table 2 and the grading curve in Figure 4b(i). 
It contains a large proportion of subangular 
cobble and boulder-grade material composed 
mainly of granite. The deposits are composed 
mainly of multiple sequences of 
matrix-supported diamictons that merge locally 
into clast-supported cobble- and boulder-gravel. 
Beds of water-sorted , non-cohesive sand and 
gravel are common, but individual beds are 
usually thin and laterally impersistent over 
distances of a few metres. Interbeds of silt and 
clay are present in places . 

Potentially workable till can be regarded as the 
sandy end-member of the suite of glacially 
deposited diamictons that blanket the Strachan 
area. It is generally more compact than 
morainic drift and contains more fines. It has 
proved impracticable to delineate potentially 
workable till, hence no assessment of volume is 
attempted for this category of mineral. 

Grading data for the moram1c drift and 
potentially workable till in the Strachan resource 
sheet area are shown graphically in Figure 4b(i) 
and 4b(ii). Both types of deposit are poorly 
sorted, the former containing more than 10 per 
cent of cobble-grade material. Neither deposit 
can be regarded as a particularly attractive 
source of aggregate, but the morainic drift is 
generally more gravelly and less clayey than the 
till. 

Potential sources of coarse gravel within the 
moram1c drift occur on the southern flank of 
the valley of the Water of Feugh, around 
Blackhole and Moss of Powlair, and on the 
eastern side of the Water of A ven , north of Ord 
of Cuttieshillock. Apart from isolated pockets 
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of workable material, the remammg moram1c 
drift is too clayey or contains too much 
cobble- or boulder-grade material to be 
considered as a potential resource. 

Weathered granite 

The Kincardine Granite underlies most of the 
southern part of the Strachan resource sheet (see 
Figure 3). The rock is deeply weathered at the 
surface locally and, in such a condition, it 
constitutes potentially a very large resource of 
sharp, slightly cohesive coarse-grained sand and 
gravel. The material grades generally as 'clayey' 
pebbly sand (Table 2, Figure 4b(iii)) and has 
proved to be ideal for bedding pipe-lines and 
for constructing footpaths and tracks. The 
material is best worked intermittently, leaving 
the rock to become disaggregated by allowing it 
to weather over winter. 

Auchenblae-Catterline sheet 

Glacial sand and gravel forms the bulk of the 
resources on this sheet, though fluvioglacial sand 
and gravel forms a significant resource in the 
vicinity of Auchenblae. Fluvioglacial sand and 
gravel is distinguished from glacial sand and 
gravel on the basis of geomorphology rather than 
composition or grading. Alluvium forms minor 
patchy resources, but these commonly contain 
much >64mm material, are relatively rich in 
fines and occur close to, or beneath, the 
water-table. Weathered conglomerate bedrock 
occurs over a significant area of the sheet and is 
a potential resource, particularly of coarse 
gravel. However, it generally contains 
appreciable amounts of cobbles and boulders. 

Glacial sand and gravel 

Important resources of glacial sand and gravel 
occur in a north-south belt to the east of 
Drumlithie, in a belt extending north from 
Temple [8515 7652] to the ground north-west of 
Denhead [8650 7957] and in a series of ridges 
and mounds extending eastwards from 
Auchenblae to the ground around East 
Mondynes [7785 7950]. The grading 
characteristics show that the deposits are 
dominated overall by fine and medium-grained 
sand with equal amounts of coarse-grained sand 
and fine and coarse gravel (Table 3, Figure 5(i)). 
However, data for individual sample points 
indicate great variation in grading of the 
deposit, even where sample points are closely 
spaced. 



Lithological analysis shows that the gravel 
fraction contains a wide range of rock types 
(Table 6, samples I 0-17); most are dominated by 
quartzite or by volcanic rocks. The majority of 
the lithologies are derived from the underlying 
Old Red Sandstone bedrock, though clasts 
representing the metamorphic rocks to the north 
of the Highland Boundary Fault are not 
uncommon; schists and metamorphosed grits are 
the most abundant. The sand fraction contains 
quartz, feldspar, rock fragments and mica in 
varying quantities. 

Many of the igneous clasts are severely 
weathered and these, along with subordinate 
quantities of other weathered rocks, constitute at 
least 20 per cent of the gravel in samples 12-17 . 
The presence of the weathered clasts 
significantly affects the strength of the 
aggregate; this is discussed further in the section . 
on Mechanical and Physical Properties. 

Flu vioglacial sand and gravel 

The only extensive deposit of fluvioglacial sand 
and gravel occurs around Auchenblae, where it 
flanks the valley of the Luther Water in terraces; 
the deposit is predominantly medium-grained 
(Table 3, Figure 5ii). Though not analysed in 
detail lithologically, gravel examined in the field 
during the sampling programme reveals that it is 
similar to that in the glacial sand and gravel, but 
with more abundant schist and grit from the 
Dalradian rocks to the north of the Highland 
Boundary Fault. 

Alluvium 

Only two bulk samples of alluvium were 
recovered during the sampling programme due 
to problems with large cobbles and boulders; 
coarse gravel is the dominant fraction 
(Table 3, Figure 5iii). However, the deposit is 
likely to vary widely in terms of the grading and 
the data presented should not be considered 
representative of the deposit as a whole. 
Examination of the gravel fraction in the field 
shows that the alluvium has broadly the same 
lithological composition as the glacial sand and 
gravel. 

Weathered conglomerate 

Weathered conglomerate constitutes a potential 
source of coarse aggregate over a significant area 
of the resource sheet and it is likely to occur 
wherever this lithology forms the bedrock 

21 

(Figure 3). The most extensive spread occurs in 
the north-eastern quadrant of the resource sheet. 
Grading data indicates that the aggregate is 
slightly bimodal, with medium-grained sand and 
coarse gravel predominating. The grading data 
indicates that some 12 per cent of the material is 
comprised of clasts larger than 64 mm. 
However, this is likely to be a gross 
underestimate because the very large size of 
many of the clasts is such that representative 
sampling is not possible. The weathered 
conglomerate contains a range of lithologies 
similar to those in the glacial sand and gravel, 
though many clasts are noted as being rotten and 
fractured . 

MECHANICAL AND PHYSICAL PROPERTIES 
OF THE AGGREGATE 

A series of mechanical and physical tests were 
conducted in accordance with BS 812 parts 2 
and 3 (British Standards Institution, 1975), on 
the 10 to 14 mm gravel fraction from 9 
composite samples. The samples represent the 
major resources of sand and gravel within the 
survey area. The material for testing was 
obtained by sieving the residues of bulk samples 
taken for particle size analysis from trial pits 
and boreholes, or it was collected from graded 
stockpiles or working faces in sand and gravel 
quarries. The grouping of the samples was 
designed to provide a basic evaluation of the 
mechanical and physical properties of aggregates 
present in the resource sheet areas . The sources 
and geological classification of the composite 
samples are given in Table 4. 

The tests carried out included measurement of 
aggregate impact value (AIV), the aggregate 
impact value residue (AIVR), as defined by 
Ramsay (1965) and Ramsay, Dhir and Spence 
(1973, 1974), and 10 per cent fines . In addition, 
relative density (on both an oven-dried and 
surface-dried basis) , apparent relative density 
and water absorption were also determined. 
Concrete cubes were made from seven samples 
of aggregate (samples 2,7,8,10,12,16,17) to 
determine the drying shrinkage, wetting 
expansion and moisture absorption of the 
concrete. The samples contained both sand and 
gravel. 

The test data can be considered in conjunction 
with the lithological analyses to allow direct 
comparison between the mechanical and physical 
properties and the lithological composition of the 
gravels. The results of the lithological analyses 



Table 7 Resulta o! mechanical and physical testa 

Composite AIV AIVR 10 percent Relative 
sample % tines density 

(kN) (oven-dried 
baais) 3 3 kg X 10 /m 

1 31 26 2.51 

2 29 28 2.54 

3 31 27 140 2.49 

4 22 41 2 .59 

5 28 37 2 .52 

6 30 33 170 2.57 

7 29 28 2 .55 

8 Concrete dryin1 ahrinkage data only, .ee Table 8 

9 27 32 

10 28 28 160 2.52 

11 27 36 

12 28 28 95 2.61 

13 27 31 2.44 

14 22 36 

15 19 41 2.51 

16 23 36 240 2.57 

17 29 29 110 2.•'9 

18 22 36 

19 26 33 

are given in Table 6. Approximately 15kg of 
material is required for a complete series of 
tests, but there was not always sufficient for the 
full range (see Table 7). 

Aggregate strength has been shown, by the work 
of Ramsay and Ramsay, Dhir and Spence, to be 
dependent on several petrographical features. In 
an aggregate composed of clasts of sedimentary 
rock types, the main petrographical factor 
influencing the strength of the aggregate is the 
strength of the intergranular cement. In clasts 
of igneous rocks, strength is governed by the 
degree of crystal interlocking, which is inversely 
proportional to grain size. In clasts of 
metamorphic rocks, which are derived from 
either sedimentary or igneous rocks, the relative 
importance of both factors is dependent on the 
original rock type and also the grade and type of 
metamorphism (and hence the degree of 
recrystallisation) that they have undergone. In 
coarse-grained igneous and metamorphic rocks 
the strength of individual crystals is important. 
This is influenced by twinning, cleavage and the 

Relat ive Apparent Water 
density relative absorption 
( surface-dried density % 
baais 3 3 
kg X 10 /m 

3 3 
kg X 10 /m 

2 .55 2.61 1.56 

2 .56 2.60 0 .90 

2.53 2.59 1.48 

2 .63 2 .68 1.34 

2.55 2.61 1.28 

2.60 2 .65 1.18 

2.61 2.71 2.25 

2.58 2.69 2.45 

2.73 2.99 4.84 

2.53 2.67 3.49 

2.58 2 .69 2 .45 

2.63 2.73 2.03 

2.56 2.69 3.00 

presence of microfracture planes within the 
crystals. In clasts of finer grained metamorphic 
rocks, planes of weakness caused by cleavage 
and schistosity influence not only the strength of 
the clasts, but also their shape and angularity. 

The shape and degree of weathering of 
individual clasts also affect the strength of an 
aggregate. These factors are partly controlled by 
petrography, but are also dependent on the 
distance and mode of transportaton and the 
environment of deposition . 

The resistance of an aggregate to both sudden 
impact and slowly applied compressive load 
reflects its suitability for various end-uses, 
particularly as a roadstone. Aggregate impact 
value (AIV) is an indicator of impact resistance: 
it measures the relative amount of comminuted 
material passing through a 2.36 mm sieve after 
the sample has been subjected to fifteen blows 
of standard magnitude. The 10 per cent fines 
test measures the resistance of an aggregate to 
crushing under an applied compressive load. It 
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measures the amount of load required to produce 
l O per cent (by weight) of material less than 
2.36mm in size in 10 minutes. The result is 
given in kilonewtons (KN). Although these tests 
give an indication of the strength of 
intergranular bonding, it is usually the ability of 
a clast to withstand impact and loading relatively 
intact, rather than to fragment, that is the most 
important attribute. For this reason Ramsay 
introduced the concept of the aggregate impact 
value residue (AIVR), calculated by measuring 
the amount of 10 to 14 mm material remaining 
intact after the AIV test and expressing this as a 
percentage of the original mass. 

The results of the mechanical and physical tests 
carried out on the composite samples are shown 
in Table 7. The AIV values range from 19 to 31 
with a median value of 28 (the average is 27). 
The range of AIV values is quite large, similar 
to that (22-34) recorded for the adjoining 
assessment areas (Auton and Crofts, 1986; 
Auton, Merritt and Ross, 1988). It is well above 
the average of 19, quoted by Edwards (1970), 
for a selection of worked Scottish gravels. 

With one exception, the samples from the 
Strachan area have AIV values between 28 and 
31; although these samples contain very 
abundant coarse-grained granitic clasts, many of 
the clasts are weathered to some extent, resulting 
in the high AIV values . The other sample from 
the Strachan area is dominated by quartzite and 
psammite and has a correspondingly lower AIV 
of 22. 

AIV values m samples from the 
Auchenblae-Catterline area also tend to high 
values, though none exceed 29; half have values 
of 27 or 28. The samples contain abundant 
quartzite, psammite, well-cemented sandstone 
and vein-quartz, but the durable properties of 
these lithologies is offset by the high content of 
weak and highly weathered rocks. 

Broadly, AIVR values vary inversely with AIV. 
However, the samples from the 
A uchenblae-Catterline resource sheet area have 
AIVR values which are slightly, but consistently 
lower, than those from the Strachan resource 
sheet area, for equivalent AIV values. This 
lower resistance to crushing can again be 
attributed to the high content of weak and 
highly weathered rocks in the 
A uchenblae-Catterline samples. 

The l O per cent fines values, determined on only 
five samples due to limited amounts of material, 
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are inconclusive, ranging from 95 (sample 12) to 
240 (sample 16). There is no clear correlation 
with lithology and it is probable that the results 
are a complex function of lithology, clast shape 
and the degree of weathering. 

The suitability of an aggregate for use in 
concrete manufacture depends not only on its 
impact and crushing strength, but also on its 
water absorption and drying shrinkage 
characteristics (Table 7). The water absorption 
value is a measure of the amount of water 
absorbed by the aggregate after 24 hours of 
immersion, expressed as a percentage of its 
oven-dried weight: it is thought to have a 
broadly linear relationship to the drying 
shrinkage, both of the aggregate itself and of 
any concrete manufactured from it (Edwards, 
I 970). The drying shrinkage, in turn, is a key 
factor affecting the stress-carrying ability and 
resistance to weathering of concrete . The water 
absorption values of the aggregates from the 
present study area range from 0.90 to 4.84 per 
cent, with a median value of 2.25 (average 2. I 7). 
This is well above the average of 1.48 per cent 
quoted by Edwards for a selection of Scottish 
and English gravels. 

It is clear that the water absorption values are 
controlled by the presence of highly weathered 
clasts, generally of volcanic origin, and porous 
clasts, such as friable sandstone and mudstone. 
Samples from the Strachan area have water 
absorption values below 2.25, the highest value 
occurring in the sample with the largest amount 
of highly weathered clasts (sample 7). Thus it 
appears that although the granite clasts 
dominating these samples may not be very 
resistant to crushing, they are at least relatively 
non-porous. The Auchenblae-Catterline samples 
have markedly higher water absorption values, 
ranging from 2.30 to 4.84. This is clearly 
related to the large content of mudstone, 
sandstone and weathered clasts; again the sample 
with the largest water absorption value contains 
the highest number of weathered clasts (sample 
12). 

Relative density values were obtained for 
thirteen composite samples, on both an 
oven-dried and a saturated surface-dried basis 
(Table 7). The apparent relative density of the 
samples has been calculated also. 

There is little difference between 'oven-dried' 
and 'surface-dried' relative densities for the 
Strachan samples; the differences range from 
0.03 to 0.06, the largest difference occurring in 



sample 7. As noted previously, this sample 
contains the highest proportion of weathered 
clasts of any of the Strachan samples . The 
difference between 'oven-dried' and 
'surface-dried' relative densities is more marked 
in the Auchenblae-Catterline samples, ranging 
from 0.06 to 0.12. Once again, it is clear that 
these results are due to the presence of the 
highly weathered clasts which occur in these 
samples (samples 10,12,13,15,16,17). 

Concrete drying shrinkage, wetting expansion 
and moisture absorption results are given (Table 
8) for seven specially prepared composite 
samples of aggregate from the study areas. The 
tests involved the manufacture of concrete 
prisms (200x50x50mm) using Ordinary Portland 
cement (BS 12, 1978), <5mm sand and 200mm to 
5mm graded gravel from each separate sample 
provided. The tests were carried out in a 
commercial laboratory, using the method 
described in BS 812, part 120, 1989. 

The laboratory procedure involves immersing the 
prisms in water for a period of five days at a 
temperature of 20°C. The length of each prism 
is then measured (this is the 'original wet 
measurement'). 

Each prism is dried in an oven for a period of 
three days, cooled in a dessicator (containing 
solid calcium chloride in a saturated solution of 
calcium chloride) to 20°C and its length 
measured. The 'drying shrinkage' is calculated 
as the "difference between the original wet 
measurement and the dry measurement expressed 
as a percentage of the dry length". A further 
period of immersion for four days and 
subsequent measurement allow wetting expansion 
and water absorption values to be calculated. 

The 'drying shrinkage' values obtained for the 
seven samples are listed in Table 8: they range 
from 0.040 per cent to 0.073 per cent with an 
average of 0.055 percent. The results are 
consistent with all other test results reported 
above, with samples from the Strachan resource 
sheet area having significantly lower shrinkage 
and expansion values (0.040 - 0.044) compared 
to those from the Auchenblae-Catterline 
resource sheet area (0.053 - 0.073). The values 
are sufficiently accurate to provide a good guide 
as to the suitability of aggregates from the 
assessment area for use in concrete manufacture, 
but it must be emphasised that the material 
tested is mostly 'as dug' and it has not been 
processed. 

Table 8 Concrete drying shrinkage, wetting expansion and moisture absorption tests• 

Composite Source Geological classificat ion Drying Wett ing Moisture 
sample shrinkage expansion absorption 

% % % 

Strachan resource aheet 

2 Bogarn Fluvioglacial sand and 0 .044 0.035 6 .2 
gravel 

7 Cammie Wood Fluvioglacial sand and 0 .040 0 .033 5 .8 
gravel 

Auchenblae-Catterline resource aheet 

8 Auchenblae Fluvioglacial and alluvial 0.053 0 .042 6.5 

10 Bankhead - East Glacial 1and and gravel 0 .056 0 .04 5 6 .8 
Mondynea belt 

12 Pitdrichie Glacial 1and and gravel 0 .063 0 .053 6 .8 

16 Catterline area Glacial 1and and gravel 0 .056 0 .044 6 .6 

17 Auquhirie Glacial aand and gravel 0 .073 0.058 7 .2 

• Conducted commercially in accordance with BS 812 : Part 120 (1989) 
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The dominating influence of lithology on the 
test results for the samples from the Strachan 
and A uchenblae-Catterline resource sheet areas 
is clear. The angularity of the clasts ranges 
widely within most groups and there is little 
evidence that the degree of rounding has any 
significant effect on the strength of the material. 
Although the Strachan samples are slightly less 
resistant to impact and crushing than the 
Auchenblae-Catterline samples, they are 
markedly less porous; this reflects the high 
content of coarse-grained granitic lithologies in 
the former, compared to the high content of 
weathered clasts and mudstone in the latter. 
However, none of the aggregates tested can be 
considered to be of high quality. Although the 
gravels from the Auchenblae-Catterline resource 
sheet area could be beneficiated by removing the 
deleterious clasts , probably as much as 50 per 
cent of the aggregate would be Jost. It is 
unlikely , therefore, that such action would be 
economic when compared , say, to the production 
of crushed hard-rock aggregate elsewhere. 

THE MAPS 

The two sand and gravel resource maps are 
folded into pockets at the end of this report. 
The topographic base is the Ordnance Survey 
1:25 OOO Outline Edition, which , together with 
the contours, is printed in grey: the geological 
lines and symbols are in black . Mineral resource 
information is presented in shades of red. 

Geological data 
The geological boundary lines are the result of 
mapping at the 1:10 OOO scale; these offer the 
latest interpretation of the available data but, 
because the deposits are highly variable, the 
accuracy of the maps will be improved as new 
evidence from boreholes and excavations 
becomes available. 

Data from boreholes, shallow pits and temporary 
exposures, including stratigraphical relations and 
mean particle-size analysis of the sand and 
gravel samples collected during the assessment, 
are shown on the maps as computer-generated 
graphic arrays in red. 

Geophysical data in the form of interpreted 
resistivity soundings (see Appendix H) are 
presented in a similar manner to data from 
boreholes, pits and exposures, and are also 
printed on the maps in red. 
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Mineral resource information 
The maps are divided into resource blocks (see 
Appendix A) within which the extent of 
mineral-bearing ground is shown in shades of 
red. The dark shade denotes where mineral is 
exposed, that is, the overburden averages less 
than I .Orn in thickness: a lighter tone is used to 
identify where mineral is present in relatively 
continuous spreads beneath overburden 
averaging more than I .Orn in thickness. Within 
these areas, however, there may be small patches 
where sand and gravel is absent or not 
potentially workable. 

A further category, which is shown on the 
resource maps in the lightest tone of red, shows 
where mineral is considered to be discontinuous. 
The recognition of this category depends upon 
the proportion of sample points that did not 
prove potentially workable sand and gravel and 
the distribution of these barren sites within a 
block. 

Spreads of morainic drift, which contain mixed 
deposits of potentially workable sand and gravel 
and till, are shown on the Strachan resource 
sheet by an ornament of open pink circles. 

Areas of potentially workable decomposed 
conglomeratic bedrock on the 
Auchenblae-Catterline sheet, are shown in a 
dark shade of red with white open circles. 

Areas where sand and gravel is deemed to be 
not potentially workable, where superficial 
deposits do not contain mineral, or where 
bedrock other than decomposed conglomerate 
crops out, are shown uncoloured . Sand and 
gravel within built-up areas is indicated by red 
stipple. 

For the most part, the distribution of resource 
categories is based on mapped geological 
boundaries. Where transitions between 
categories of mineral have been mapped within a 
geologically distinct deposit (for example, 
alluvium constituting exposed mineral adjoining 
alluvium containing concealed mineral), inferred 
boundaries have been inserted . Such boundaries, 
drawn primarily for the purpose of volume 
estimation, are shown by a distinctive zigzag 
symbol, in red, which is intended to convey an 
approximate location within a likely zone of 
occurrence rather than to represent the breadth 
of the zone; its width is dictated by cartographic 
considerations. For the purpose of measuring 
areas the centre-line of the symbol is used. 



The areas of assessment 
The Strachan sheet is divided into seven resource 
blocks for assessment and the 
Auchenblae/ Catterline sheet is divided into 
three. Principal built-up areas have been 
excluded from the assessment. The positioning 
of the block boundaries is a compromise to meet 
the aims of the survey: on the one hand to 
provide sufficient sample points on which to 
base an assessment and on the other to group 
together deposits of broadly similar origin, grade 
and composition. As far as possible the block 
boundaries are determined by geological lines. 

RESULTS OF THE VOLUMETRIC 
ASSESSMENT 

The results of the volumetric assessment of 
resources are summarised in Table 9; more 
detailed grading and thickness data are given 
block by block in Tables I O to 18. The 
statistical procedure adopted for the volumetric 
assessment of the mineral resources is outlined 
in Appendix B. At the level of sampling 
allowed for in the present survey, potentially 
workable deposits are too patchy and diverse in 
many cases to justify the siting of sufficient 
sample points on which to base 'statistical' 
assessments. 'Inferred' or 'speculative' 
assessments are offered for the other resources. 

Resources of potentially workable aggregate 
occur principally as fluvioglacial, glacial and 
alluvial sand and gravel. In the Strachan area, 
minor resources of aggregate occur as morainic 
drift and where granite bedrock is weathered , it 
is also potentially workable locally. Weathered 
conglomerate forms a significant resource of 
coarse aggregate in the Auchenblae-Catterline 
area and till is locally potentially workable in 
both areas, but it is only a marginal resource. 

In the borehole records , the deposits of 
potentially workable sand and gravel are 
categorised as 'Mineral I', whereas those of 
potentially workable till, granite and 
conglomerate are identified as 'Mineral II'. 

The sub-division of potentially workable 
aggregate into 'Mineral I' and 'Mineral 11' has 
been made because the two types of deposit pose 
different problems in terms of exploitation. It is 
not practical to offer a volumetric assessment of 
'Mineral 11' deposits on the Strachan resource 
sheet as they are considered to be extremely 
patchy in distribution, and in any case, they are 
usually of low grade. A volumetric assessment 
has been made of the potentially workable 
conglomerate on the A uchenblae-Catterline 
sheet, however, as the material is known to be 
extensive and it has been exploited. 

Table 9 Summary of the sand and gravel resources of both resource aheeta 

Resource block Area of Mean thickneaa Volume of sand and gravel Mean grading percentage 
or sub- block useaaed ground• 

Block Mineral Over - Mineral Limits at the 95% Fines Sand Gravel 
burden probability level $ 

km 2 km 2 m
3 

X 10 
6 ±% .:!m3 

X 10 6 - .063 + .063 m m 
mm - 4mm + 4mm ---

STRACHAN SHEET 

Block A 25.4 0.4 0.2 2.8 1.1 54 0 .6 5 27 68 
Block B 9 .6 7.3 0.3 6.6 48 .2 30 14.5 4 57 39 
Block C 3 .8 2.1 0.2 7.0 15.0 60 9 .0 4 47 49 
Block D 5.0 1.1 0.1 6.4 7 .0 41 2.9 4 61 35 
Block E 4.2 3.0 0 .3 3.0 4.0 38 1.5 2 45 53 
Block F 6.8 1.5 0.5 3.4 4.9 39 1.9 5 61 34 
Block G 45.1 Too little aand and gravel present to aaaesa 

Whole Sheet 99.9 15.4 0 .3 5.4 83.2 19 15 .8 4 53 43 

AUCHENBLAE- CATTERLINE SHEET 

Block A 46.0 6.2 0.4 6.1 37.9 61 19.3 6 55 39 
aand and gravel 
Block A conglomerate 46.0 2.0 0.3 3.2 6 .5 3 7 90 

Block B 64 .0 6.9 0.6 5.2 36.0 55 19.8 6 62 42 

Block C 73 .7 6.5 0.4 6.7 36.9 33 12 .2 7 58 35 
aand and gravel 
Block C conglomerate 73.7 19.5 0.5 4.4 86 .9 54 46 .4 11 40 49 

Whole Sheet 

1and and gravel 173.7 18.6 0 .5 6.9 109.7 25 27.4 6 65 39 
conglomerate 173.7 21.6 0 .4 4.3 92 .6 48 44 .4 10 36 64 

Note: Some figures differ ,lightly form thoae quoted elaewhere due to rounding and re - calculation 

• Excluding built-up areu 

$ Only quoted for 1tati1tical aaaesamenta 
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Fluvioglacial sand and gravel (mainly gravel 
forming kame-terraces and underlying 
floodplain alluvium) is the most extensive 
potentially workable deposit in the Strachan 
assessment area. Glacial sand and gravel 
(deposited as kames, eskers and spreads of 
glacial outwash) forms the major source of sand 
and gravel in the Auchenblae/Catterline area. 
The remaining deposils classified as 'Mineral I' 
constitute less important sources of potentially 
workable material, being both thinner and less 
extensive than the fluvioglacial and glacial sands 
and gravels. 

Accuracy of results 
For a 'statistical' assessment, the accuracy of the 
estimated volume is given at the 95 per cent 
probability level; for example, the accuracy of 
the statistical assessment for block B on the 
Strachan sheet, is ±30 per cent (Table 9). In 
other words, it is probable that on average, 
nineteen out of every twenty sets of confidence 
limits constructed in this way contain the true 
value for the volume of mineral. However, the 
real value is more likely to be near the median 
than near the limits. Moreover, it is probable 
that roughly the same percentage limits would 
apply to the estimate of mineral volume within a 
very much smaller parcel of ground (for 
example, 100 hectares) containing similar sand 
and gravel deposits, if the results from the same 
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number of sample points (as provided by, say 
ten boreholes) were used in the calculation. 
Thus, if closer limits are needed for the 
quotation of reserves, data from more sample 
points would be required, even if the area is 
quite small. For each block the total volume 
present in the ground is given in millions of 
cubic metres. An impression of the quantities 
present over part of a block may be gained by 
careful examination of the thickness of mineral 
proved in boreholes and other sample points 
lying within or close to a particular area of 
interest, but such data must be considered 
within the context of the mean thickness and 
range of values proved for the block as a whole. 
It cannot be over-emphasized that any attempt 
to use the data presented in this report to 
evaluate parts of a block must be undertaken 
most cautiously, for data quoted for an 
individual borehole or pit refer strictly to that 
site and in many cases the deposits are known to 
change rapidly in thickness and character. 

The amount of recoverable resources will depend 
on many factors not least of which are working 
practice, the size and shape of the area for 
exploitation, planning and judicial constraints . 
Because there are so many variables , it is not 
possible to suggest what proportion of the in-situ 
resources either for a block as a whole, or for 
part of it, may prove to be recoverable. 



DESCRIPTION OF THE STRACHAN 
RESOURCE SHEET 

Resource block A 

This block covers an area of generally barren 
ground that lies between the northern margin of 
the resource sheet and the valley of the Water of 
Feugh. The village of Strachan covers 0.1 km2 

on the southern margin of the block. Most of 
the high ground is covered by thin spreads of 
till overlying Dalradian bedrock. 
Mineral-bearing ground is confined to the 
Tillygarmond and Waulkmill Eskers (see glacial 
geomorphology map) and a discontinuous spread 
of fluvioglacial sand and gravel that extends 
north-westwards from Castlehill [658 922]. A 
statistical assessment of the mineral deposits, 
based on five sample points is given Table 10. 

Eskers 

Two NW-SE trending, parallel esker ridges (the 
Tillygarmond Eskers) extend between East 
Tillygarmond [637 932] and the Feughside Inn 
[643 924]. The eskers stand up to 10 m above 
the level of the surrounding ground and they are 
composed of glacial sand and gravel. They were 
laid down subglacially or englacially by 
meltwater streams that also cut a steep-sided 

drainage channel between Shooting Greens 
Cottage [635 942] and Cults [640 935]. The 
esker deposits were formerly worked in a pit 
that is now a caravan site, north of the 
Feughside Inn. The deposits have also been 
worked in a very small pit near East 
Tillygarmond, where a section and pit 
(69 SW 27) proved 2.6 m of poorly sorted 
boulder gravel, not bottomed. The boulder 
gravel becomes more sandy with depth, but the 
large proportion of cobbles and boulders detracts 
from its attractiveness as a potential resource. 

Three sample points were sited on the esker 
ridges north of Waulkmill (the Waulkmill 
Eskers); only one proved the full thickness of 
the deposit. A section and pit (69 SW 25) at the 
northern end of a working in the longest ridge 
proved 3.2m of cobble gravel with lenses of 
pebbly sand; the excavation was terminated on a 
bed of large boulders slightly below the level of 
the worked face, suggesting that little potentially 
workable material is present below this depth. 
Farther to the south, sand and gravel has been 
worked for fill and for making up farm tracks, 
at a temporary working in a 4 m high esker 
ridge. A section and pit (69 SW 24) at the 
eastern end of this working exposed 4.5m of 
coarse gravel, not bottomed. The uppermost 
2.3 m is a 'clayey' clast-supported gravel 

Table 10 Strachan sheet: Data from aample point, a.nd the aaaeasment of reaourcea in Block A 

Data point ~corded thickne11 Mean grading percentage 

(1ize1 in mm) 

Borehole, pit, Total Depth of Intervening Finea Fine Medium Coane Fine Coarae Cobble, Descriptive 
expoaure or mineral burial wute aand aand aand gravel gravel and cat.egory ( aee 
re1i1tivity bouldera the diagram 
aounding m m m - .063 .063-.25 .25-1 1-4 4- 16 16-64 +64 in Appendix C) 

NO 69 SW 23 1.4 0.1 3 2 9 12 15 30 29 G 
NO 69 SW 24 4.5+ 0.1 10 2 8 10 18 37 15 CG 
NO 69 SW 25 3 .2+ 0 .4 2 2 11 13 13 33 26 G 
NO 69 SW 27 2.6+ 0.1 5 6 13 7 8 41 20 G 
NO 69 SE 1 2.3+ 0.3 1 2 14 26 15 30 12 G 

Mean 2.8 0.2 5 3 11 13 14 35 19 G 

Statistical assessment of the fluvioglacial sand and gravel and glacial sand and gravel 
north of the valley of the Water of Feugh 

Total area (excluding the village of 
Strachan) 
Strachan Village (including 0.0 I km2 

of sand and gravel, not assessed) 
Area of discontinuous spreads of mineral 
Total area of mineral-bearing ground 
Area of ground worked for sand and gravel 
Mean thickness of overburden 
Mean thickness of mineral 
Estimated volume of mineral 
Estimated yield of mineral per hectare 

25.43 km2 

0.08 km2 

0.40 km2 

0.40 km2* 
0.02 km2 

0.2m 
2.8m 
1.1 million m3 (± 54% or 0.6 million m3

) 

28 thousand m3 (± 54% or 15 thousand m3
) 

*In the calculation of this figure, 50% of the area of discontinuous spreads is assumed to 
be mineral- bearing 
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containing rounded cobbles of banded psammite, 
porphyry, felsite and psammite; sparse clasts of 
granite are also present. A channel, aligned 
parallel to the ridge-crest and infilled with 
coarse sand, is cut to a depth of I .Om into the 
top of the 'clayey' gravel unit, which rests in 
turn on 2.2 m of imbricated, open-work gravel 
which was not bottomed. An assessment pit 
(69 SW 23) sited on a low esker ridge, 400 m to 
the south-east, exposed 1.4 m of imbricated 
cobble gravel resting on light brown till. 

Fluvioglacial deposits 

Discontinuous spreads of coarse gravel and sand 
underlie an area of undulating moundy 
topography north-west of Castlehill. The sand 
and gravel was laid down as a fluvioglacial fan 
shortly after the Waulkmill eskers had been 
formed, and after the immediate area had 
become free of ice. Mapping indicates that the 
fan deposits are generally clayey and that they 
vary considerably in thickness. A pit (69 SE I) 
near to the toe of the fan, however, proved 
2.3 m of clean, clast-supported gravel, lying 
above the water-table. The gravel, which 
showed well developed horizontal stratification, 
was principally composed of rounded to 
subrounded clasts of granite, psammite, felsite 
and semipelite. 

Sandy flow-till has been worked in a small pit 
(69 SW 2) to the west of Drumhead [606 924). 
The deposit, which grades as 'clayey' sandy 
gravel, overlies Dalradian bedrock; it is used for 
re-surfacing tracks on the Finzean estate . 

Resource block B 

Resource block B contains the most extensive 
spreads of workable sand and gravel in the 
Strachan assessment area. It includes the 
alluvial, glacial and fluvioglacial deposits within 
the valley of the Water of Feugh, together with 
those in the valley of the Water of A ven, 
downstream of the point at which the river 
emerges from its steep-sided valley (500m west 
of Ord of Cuttieshillock [638 902). 

Block B is divided into two sub-blocks for 
assessment purposes. Sub-block B1 includes the 
sand and gravel deposits within the valley of the 
Water of Aven, together with those within the 
valley of the Water of Feugh lying to the west 
of an arbitrary line drawn from Whitestone 
[639 924], on the northern bank of the Water of 
Feugh, to a point 300m south-east of Balblythe 
[637 916] on the eastern bank of the Water of 

29 

Aven. The sub-block corresponds with the 
lower-lying parts of the Feugh and Aven 
catchments, upstream of the confluence of both 
rivers. Sub-block B2 includes all of the alluvial 
and terraced fluvioglacial deposits within the 
valley of the Water of Feugh to the east of the 
sub-block boundary, together with the glacial 
sand and gravel forming eskers in the vicinity of 
Balblythe, Dalbreck [653 917] and Templeton 
[670 916], and moundy deposits of morainic 
drift north and east of Cuttieshillock [645 91 OJ. 

Sub-block B1 

Most of the area is underlain by continuous or 
almost continuous spreads of alluvial sand and 
gravel, overlying fluvioglacial sand and gravel 
and till. 

Barren ground is confined to low hillocks, 
capped by till, in the vicinity of Ordie 
[617 919], Nether Boghead [617 925) and Dalsack 
[605 918], and to outcrops of Kincardine Granite 
near Little Enochie [633 918]. Discontinuous 
spreads of sand and gravel are present within 
alluvial fans in the valley of the Water of Aven 
and the valley of the Water of Feugh, between 
Wester Powlair [620 913] and Mill of Clinter 
[612 920], and in the alluvium and low-lying 
fluvial terraces in the vicinity of Woodside 
[635 926]. 

The flat-lying alluvial deposits north of Ordie 
and Dalsack also contain thin discontinuous 
deposits of sand and gravel; these occur within a 
predominantly silty alluvial sequence. Laterally 
impersistant, thin deposits of gravel also form a 
small terrace to the south of Balblythe. 

A statistical assessment of sub-block B1, based 
on ten data points is given in Table 11. 

Alluvium and terrace deposits of the Water of 
Feugh 

Two assessment boreholes (69 SW 9 and 
69 SW 20) were sited on the ground underlain 
by continuous spreads of sand and gravel in the 
valley of the Water of Feugh upstream of the 
Feugh/ A ven confluence. Both proved 
potentially workable sand and gravel lying close 
to the water-table. Borehole 69 SW 9, east of 
Ordie, proved 1.5 m of alluvial gravel overlying 
3.5 m of fluvioglacial sand and gravel. The 
alluvial deposit is very coarse-grained, with 56 
per cent, by weight , of the material passing the 
+ 16mm sieve. Clasts of granitic rock types 
predominate. The underlying fluvioglacial 



Table 11 Strachan aheet: Data from aample pointa and the assessment of resources in Block B 

Data point Recorded thickneea Mean grading percentage 

(air.ea in mm) 

Total Depth of Intervening Fine, Fine Medium Coarse Fine Coarse Cobble, Descriptive 
mineral burial waste ,and ,and ,and gravel gravel and category (see 

boulders the diagram 

Borehole, pit, 
expoeure or 
resietivity 
eounding m m m - .063 .063- .25 .25-1 1-4 4- 16 16 - 64 +64 in Appendix C) 

Sub-block Bl Fluvioglacial aand and gravel , alluvium and alluvial fan depoaita in the valleys of the Water of Feugh and the 

NO 69 SW 1 
NO 69 SW 5 
NO 69 SW 9 
NO 69 SW 13 
NO 69 SW 15 
NO 69 SW 19 
NO 69 SW 20 
NO 69 SW Rl 
NO 69 SW R3 
NO 69 SW R5 

Mean 

Water of Aven, upatream of their confluence 

15.9+ 0.3 0.8 2 5 
1.5+ 0.5 14 11 
6.0+ 0 .4 4 4 
2.1 0.9 5 4 
2.0+ 0.3 0 .4 6 7 
1.1• 0 .4 4 3 
4 .9 0.3 1.2 3 4 
2.2 0.2 
3 .9 0.2 
4 .1 0.1 

4.3 0.4 0.3 4 5 

23 39 17 10 4 SG 
24 36 13 2 0 CPS 
17 30 16 17 12 SG 
19 28 9 26 9 SG 
16 25 16 19 11 SG 
12 30 18 25 8 G 
22 30 12 17 12 SG 

21 34 15 14 7 SG 

Sub-block B2 

NO 69 SW 21 
NO 69 SW 26 
NO 69 SE 2 
NO 69 SE 3 
NO 69 SE 6 
NO 69 SE 7 
NO 69 SE 9 
NO 69 SE 10 
NO 69 SE 11 
NO 69 SE 13 
NO 69 SE 14 
NO 69 SE 16 
N069SEX1 
NO 69 SE X2 
NO 69 SE X3 
NO 69 SE X7 
NO 69 SE Rl 
NO 69 SE R2 
NO 69 SE R4 
NO 69 SE R6 

Fluvioglacial ,and and gravel, glacial sand and gravel and alluvium in the valley of the Water of Feugh, 
downstream of ita confluence with the Water of Aven 

Mean 

Overall mean 
for whole block 

8.1 
1.5 
8 .2+ 
2 .0 
8.2+ 
4 .2+ 
4.6+ 
14.0+ 
4 .0 
2.4+ 

10.0+ 
3.9 •• 

18.0 
15 .0 
18.9 
8 .1 
1.6 
1.9 
8 .6 

12.5 

7.8 

6 .6 

0 .3 
0.4 
0.2 
0 .3 
0.2 
0 .4 
0.2 
0.3 
0.4 
0 .4 
0 .3 
0 .4 

0 .3 
0.6 
0.2 
0.1 
0.2 
0.1 
0.1 

0.3 

0.3 

0.5 

1.7 

0.5 
1.3 

0.1 

0.9 
0 .9 

3.1 
2.8 

0.6 

0.5 

• Overliea 4 .0m of potentially workable till 
•• Overlies 2.7m of potentially workable till 

Statistical assessment of block B 

Total area 
Area of exposed mineral 
Area of concealed mineral 

4 
19 
4 
7 
2 
9 
4 
3 
1 
5 
1 

18 

Area of discontinuous spreads of mineral 
Total area of mineral-bearing ground 
Area of morainic drift (not assessed) 
Mean thickness of overburden 
Mean thickness of mineral 

Estimated volume of mineral (sub-block B1) 

Estimated yield of mineral per hectare 

Estimated volume of mineral (sub-block B2
) 

Estimated yield of mineral per hectare 

6 
12 
7 
4 
3 

23 
7 
8 
2 
4 
1 

10 

7 

7 

6 

20 
23 
27 
14 
21 
26 
28 
27 
16 
15 
8 

27 

16 

21 

21 

32 
23 
33 
22 
27 
14 
23 
35 
31 
22 
25 
17 

27 

29 

30 

Sub-block B1 

4.45 km 2 

2.06 km 2 

<0.01 km2 

1.57 km 2 

2.86 km2* 

0.4m 
4.3m 

17 
15 
16 
13 
13 

7 
13 
21 
21 
16 
19 
13 

16 

16 

16 

14 
8 

10 
27 
16 
10 
10 
5 

21 
16 
20 
11 

27 

14 

Sub-block B2 

5.17km2 

3.88 km2 

0.39 km 2 

0.33 km2 

0.44 km2* 
0.28 km2 

0.3m 
7.8m 

7 
0 
3 

13 
18 
11 
15 
1 
8 

22 
26 
4 

3 

9 

9 

SG 
CSG 
SG 
G 
SG 
SG 
SG 
SG 
G 
G 
G 
CSG 

SG 

SG 

SG 

12.3 million m3 (± 74% or 9.1 million m3) 

43 thousand m3 (± 74% or 32 thousand m3) 

34.0 million m3 (± 34% or 12.2 million m3i 
78 thousand m3 (± 34% or 28 thousand m ) 

• In the calculation of these figures, 50% of the area of discontinuous spreads is assumed to be 
mineral-bearing 
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deposit is sandier and contains clasts of more 
varied lithologies; pebbles and cobbles of felsite, 
psammite, semipelite, gabbro and vein-quartz 
are present, together with red and pink granite. 
Blocks of decomposed granite were present from 
4.5 to 4. 7 m depth. The fluvioglacial sand and 
gravel rests on 0.6m of silty diamicton 
containing abundant angular fragments of 
granite. The matrix of the diamicton is 
principally composed of silty granitic sand, 
characterised by dark flakes of mica; the deposit 
is either till or decomposed granite. The 
borehole was terminated at 6.4 m depth in 
bedrock. 

Assessment borehole 69 SW 20, sited on a terrace 
to the north- east of Little Enochie, proved 
3.4 m of alluvial sandy gravel, overlying a I .2 m 
thick waste parting on 1.5 m of fluvioglacial 
sand and gravel. A perched water-table was 
struck at 3.1 m depth. The borehole was 
terminated in till , underlying the fluvioglacial 
deposit, at a depth of 7 .5 m. The alluvial and 
fluvioglacial deposits are comparable in terms of 
grading and clast-composition, although pebbles 
of gabbro and fine-grained basic igneous rock 
were only present in the lower deposit. 

In the vicinity of Balblythe, the gravelly alluvial 
terraces stand 3-5 m above the level of the 
floodplain, but mapping indicates that granite 
bedrock is, in places, only a few metres below 
the surface of the terraces. For instance, granite 
crops out in a terrace bluff, less than 100 m to 
the north-east of assessment borehole 69 SW 19, 
which proved 1.7 m of alluvial gravel resting on 
4.0m of flow-till, overlying bedrock. A trial pit 
(69 SW 5) and a resitivity sounding site 
(69 SW R4) were located on the flat-lying 
alluvium to the east of Boghead [614 927]. The 
pit proved I .5m of clayey sand, before 
groundwater prevented further progress. The 
interpretation of the resistivity soundings, taken 
200m south-east of the pit site, indicated that 
3.3 m of clayey alluvium rests on till overlying 
bedrock. 

Alluvial deposits of the Water of Aven 

Because of access problems caused by 
waterlogged ground , no pits or boreholes were 
sited on the floodplain and terraced alluvium of 
the Water of A ven. Mapping indicates, 
however, that considerable (albeit 
water-saturated) deposits of sand and gravel may 
be present. Three trial pits were sited on 
alluvial fan deposits , which stand 3-8 m above 
the floodplain of the Water of A ven. Two of 
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the pits (69 SW 15 and 69 SW 13) proved 
potentially sand and gravel above groundwater 
level, the third (69 SW 12) proved stony clay 
with thin seams of sand to I .9 m depth; 
groundwater halted further progress. The 
alluvial fan deposits are generally more silty 
than those underlying the floodplain and alluvial 
terraces, and potentially workable material is 
only present locally; they are therefore shown as 
a discontinous resource on the assessment map. 

Alluvial fan deposits , eskers and lacustrine 
alluvium in the valley of the Water of Feugh 

Discontinuous spreads of workable sand and 
gravel are present within the alluvial fan 
deposits of the valley of the Water of Feugh to 
the north and to the east of Easter Clune 
[612 915]. Interpretation of resistivity soundings 
(69 SW R3) undertaken on the fan deposit to the 
north of Easter Clune, indicate 1.0 m of dry 
cobble gravel, overlying 2.9 m of damp sandy 
gravel resting on sandy till. 

The thickest deposits of sand and gravel in 
sub-block B1 underlie a spread of Jacustrine 
alluvium to the west of Blackhole [606 915]. An 
assessment borehole (69 SW I) drilled in the 
centre of the spread showed that the alluvium 
rests on an interbedded sequence of fluvioglacial 
sand and gravel and laminated silt. The 
sequence of deposits infills an ice-scoured basin 
on the southern side of the valley of the Water 
of Feugh (see cross-section A-A') . The borehole 
was terminated on an obstruction , possibly 
bedrock, at a depth of 17 .Orn. It proved 15.9m 
of sand and gravel, of which only the uppermost 
1.4m lies above groundwater level. A single 
waste parting, 0.4m thick, was recorded in the 
borehole, but resistivity soundings (69 SW RI) 
taken at the borehole site indicate that numerous 
silty beds may be present within the sequence 
{the resistivity method used had insufficient 
resolution to distinguish between the individual 
sandy and silty layers). A thick deposit of 
glacial sand and gravel may be present to the 
west of the borehole site, because the two 
mounds standing up to 2.0m above the surface 
of the alluvium hereabout, may represent parts 
of an esker that is largely concealed beneath the 
alluvium. 

Sub-block B2 

Potentially workable deposits of sand and gravel 
were proved in each of the five boreholes, two 
trial pits and five sections excavated during the 
assessment of sub-block B2 (Table 11). This 



data, together with that from three site 
investigation boreholes, four resistivity sounding 
sites and a test well for groundwater extraction 
near Castle Hill [657 921 ), forms the basis of a 
statistical assessment of the resources. 

Alluvium and terrace deposits on the southern 
side of the Water of Feugh , upstream from 
Strachan 

Continuous, or almost continuous, surficial 
spreads of sand and gravel lying closely above 
the water-table, are present beneath the 
floodplain and the terraces that extend along 
both sides of valley of the Water of Feugh 
between Whitestone and Templeton Croft 
[674 918]. They are also present on the northern 
side of the valley, in the vicinity of Heugh-head 
[687 929]. An assessment borehole (69 SE 10), 
sited on the floodplain near Haugh of Strachan 
[662 918), proved I.Orn of alluvial gravel 
overlying 13.0m of fluvioglacial sand and gravel, 
intercalated with 1.3 m of laminated clay and 
silt. The borehole was terminated on an 
obstruction, having failed to bottom the 
fluvioglacial deposits at a depth of 15.6m. 
Groundwater was struck at 1.3m depth. 

Thick deposits of water-saturated sand and 
gravel were recorded from site investigation 
boreholes (69 SE XI, X2, and X3) sunk for the 
'Strachan Bridge' improvement. For example, 
18.0m of mineral, overlying 5.4m of waste 
resting on granite bedrock, was recorded in 
borehole 69 SE X I; interpretation of resistivity 
soundings (69 SE R5) taken on the floodplain, 
200m south-west of the borehole site indicated 
12.5m of sand and gravel overlying 
glaciolacustrine deposits. 

Alluvial deposits of the Burn of Strathy 

Low-lying, flat-topped spreads of sand and 
gravel flank the Burn of Strathy downstream of 
the ford [6520 9072). An assessment borehole 
(69 SE 2) sited on the terraced alluvial deposits 
south-west of Dalbreck farm [653 917] proved 
8.2m of sand and gravel, with a waste parting, 
1.7m thick, of glaciolacustrine silt and clay. The 
borehole was terminated on an obstruction at 
10.lm depth; resistivity soundings (69 SE R2) 
taken at the borehole site suggest that granite 
bedrock is present at between 9.7 and 11.7m 
depth. A nearby assessment pit (69 SE 3) 
proved 2.0m of gravelly alluvium overlying 
sandy till, indicating that the sand and gravel 
may thin towards Dalbreck. A borehole 
(69 SW 21) 500m south-west of the farm, 
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however, proved 8.lm of sand and gravel, 
resting on till overlying granite bedrock. A 
waste parting of till was present from 4.5 to 
5.0m depth, which suggests that the till at the 
base of assessment pit 69 SE 3 may merely be a 
waste parting concealing potentially workable 
sand and gravel below. 

Alluvial and terraced deposits of the Water of 
Dye 

Terraces, underlain by spreads of sand and 
gravel, are present on both sides of the Water of 
Dye, downstream from the Bridge of 
Bogendreep [663 91 OJ. Those in the vicinity of 
Muiryhaugh [664 914 ], on the eastern side of the 
river, stand up to 8m above the level of the 
floodplain. Field evidence and res1sttv1ty 
soundings (69 SE R4) indicate that up to 8.6m of 
coarse gravel overlies till and that the gravel lies 
above the water-table. There are no data points 
for the low lying terraces to the west of the 
river, but mapping indicates that several metres 
of water-saturated sand and gravel are present. 

Terraced deposits on the northern side of the 
Water of Feugh 

Terraced alluvial deposits west of the Feughside 
Inn and south-west of Castlehill proved to be 
thinner than anticipated. An assessment 
borehole (69 SW 26), sited on the former 
deposit, proved I .Sm of 'clayey' sand and gravel 
with abundant clasts of Dalradian metamorphic 
rocks overlying stiff, yellowish brown till. 
Water-extraction borehole (69 SE X7), on the 
terrace south-west of Castlehill, proved 0.9m of 
sandy alluvium overlying 2.8m of waste (mainly 
flow-till) . Beneath the waste parting, 7 .2m of 
fluvioglacial sand and gravel was proved, 
overlying a further 1.4m of till; the borehole was 
terminated in granite bedrock, at 12.6m depth. 

Terraced fluvioglacial deposits, standing 8-1 Orn 
above river level are present in the vicinity of 
Heugh-head. An assessment borehole 
(69 SE 15), sited 200m south-west of the farm, 
proved 3.9m of clayey sand and gravel, 
interbedded with flow-till and laminated silt and 
clay; the grading results recorded in the borehole 
log may be unrepresentative owing to 
comminution caused by drilling. 

Minor resources of exposed sand and gravel 
form terraces in the vicinity of Invery House 
[697 940] and north-east of Mains of lnvery 
[696 942). Mapping indicates that thin 
discontinuous spreads of sand and gravel are also 



present within the alluvial deposits of the Water 
of Feugh, downstream of Heugh-head. 

Alluvial fan deposits 

Discontinuous beds of claybound cobble gravel 
are exposed in 3m-high bluffs at the front of an 
alluvial fan that has been formed by the Burn of 
Affrusk where it enters the main valley [693 
933]. Similar gravelly deposits are thought to be 
present within the alluvial fan at the confluence 
of the Water of Feugh and the small tributary 
which drains south-eastwards from Ardlair 
Cottage [673 931 ), but most of the resource has 
been built on. Silty cobble gravel is exposed in 
a 4m-high bluff at the front of an alluvial fan 
at A vendale [664 923) and up to 2m of 
unstratified cobble gravel is exposed in the sides 
of another alluvial fan, north of Mill of Cammie 
[689 921). 

An assessment pit (69 SE 13) dug on the alluvial 
fan at the mouth of the Burn of Rhoda proved 
2.4 m of cobble-gravel, before progress was 
halted by groundwater. The deposit is 
moderately well-sorted and contains subrounded 
clasts of psammite, quartzite and pink granite. 

Floodplain alluvium of the Water of Feugh , 
downstream from Strachan 

Potentially workable deposits of sand and gravel 
are concealed beneath silty alluvium between 
Templeton Croft [674 918) and Kitnaekit Wood 
[690 929]; pebbly sand is exposed in the banks 
of the Water of Feugh, but up to 1.3m of silty 
alluvium has been augered on the floodplain to 
the south of the river. 

Eskers 

The thickest mineral deposits in sub-block B2 

occur as eskers and esker-beads that stand above 
the surface of the alluvial deposits of the valley 
floor. Sections were excavated in five of the 
numerous small-scale workings in the eskers; 
none proved the full thickness of mineral, which 
is thought to extend for many metres below the 
water-table at each site. 

The thickest sequence was recorded in a section 
and pit (69 SE 14) from a working in an 
esker-bead, 300m east of Gateside [678 924), 
which proved 10.0 m of sand and gravel. 
Clast-supported cobble gravel, 7 .4m thick, was 
exposed in the section and 2.6m of iron-stained 
sandy gravel was exposed in a pit dug at the 
base of the face . A section and pit (69 SE 9) in 
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a second esker-bead, north of Haugh of 
Strachan, proved over 4.6m of sand and gravel 
interbedded with thin waste partings of 
laminated silt; the deposit coarsens upwards 
from sandy gravel with tabular cross-bedding 
into clast-supported cobble gravel. 

The Balblythe Eskers rise up to 5m above the 
surface of the alluvial terraces that lie adjacent 
to them. No trial pits or boreholes were sited on 
the eskers, but 2-3m of rounded cobble-gravel, 
overlying coarse-grained sand, was exposed in a 
small face [6400 9189], 400m north-east of 
Balblythe farm. 

The Dalbreck Eskers stand 3-1 Orn above the 
level of the floodplain to the south-east of 
Dalbreck farm . A section (69 SE 6) excavated 
in the esker lying closest to the farm, proved 
8.2m of sand and gravel, not bottomed. The 
upper 5.0m of the deposit comprises 
clast-supported coarse gravel, with poorly 
developed stratification dipping parallel to the 
flanks of the ridge. The gravel unit overlies 
pebbly sand with crude horizontal bedding. 
Clasts of psammite, semipelite, calc-silicate and 
quartzite predominate. Clasts of Dalradian 
metamorphic rocks also constitute most of the 
gravel component in samples taken from a 3-5m 
high esker, 500m east-south-east of Dalbreck. 
A section and pit (69 SE 7), excavated in a small 
working at the southern end of the ridge, 
showed 2. 7m of trough cross-bedded 'clayey' 
pebbly sand, overlying cobble . gravel with 
tabular cross bedding; the excavation was 
abandoned at a depth of 4.6m, without reaching 
the water-table. 

A series of steep-sided, IOm-high eskers, 
trending SW-NE, are present on the southern 
flank of the valley of the Water of Feugh, 
between Muiryhaugh and Templeton Croft. A 
section (69 SE 11) in a small gravel pit in one of 
the eskers at Templeton, showed 4.0m of sand 
and gravel overlying light brown, stiff, silty till. 
The uppermost 1.6m of the deposit is a 
clast-supported, well-sorted gravel which 
coarsens-upwards. Between 2.0 and 3.4m from 
the top of the section, the deposit is poorly 
sorted and more sandy, but below 3.4m depth, 
the sand and gravel is well-sorted and shows 
sub-horizontal stratification. The predominant 
gravel clasts are of granitic rock types, although 
some psammitic and semipelitic rock types are 
also present. 



T&ble 12 Str&ch&n aheet : D&t& from a&mple pointa &nd the uaeaament of resources in Block C 

D&t& point Recorded thicltneaa Mean grading percentage 

(1i&e1 in mm) 

Borehole , pit , Total Depth of Intervening Fines Fine Medium Coarse Fine Coarae Cobblee Descriptive 

expoaure or mineral burial waste a&nd aand aand gravel gravel and category ( see 

reaiativity bouldera the diagram 

aounding m m m -.063 .063- .25 .25-1 1-4 4 - 16 16-64 +64 in Appendix C) 

---
NO 68 NW 6 3.2+ 0 .1 3 1 10 11 16 4 55 G 

NO 68 NE 1 16.3+ 0.4 4 3 18 22 17 20 16 G 

NO 68 NE 2 2.7 8 13 29 25 16 5 4 SG 

NO 68 NE 7 8.8 0.3 4 3 13 18 20 19 23 G 

NO 69 SWR6 4.8 0.1 
NO 69 SE 4 1.2 0.3 3 3 23 22 16 21 13 G 

NO 69 SE 6 12.2+ 0.1 0 .2 4 6 27 27 16 14 8 SG 

NO 69 SE 8 14.9+ 0.2 4.5 6 10 21 26 17 10 10 SG 

NO 69 SE 24 4.4+ 0 .4 1 1 8 18 14 24 34 G 

NO 69 SE X6 1.8+ 0.4 

Me&n 7.0 0.2 0 .5 4 s 19 23 17 15 17 G 

Statistical assessment of the fluvioglacial sand and gravel and glacial sand and gravel of Pitdelphin Wood, 
and the fluvioglacial sand and gravel, glacial sand and gravel, alluvial deposits and morainic drift of the 
valley of the Burn of Brooky (Block C) 

Total area 3.76 km2 

1.76 km2 
Area of exposed mineral 
Area of concealed mineral 
Area of discontinuous spreads of mineral 
Area of morainic drift 
Total area of mineral-bearing ground 
Mean thickness of overburden 

<0.01 km2 

0.26 km2 

0.49 km 2 

2.14 km2* 
0.2m 

Mean thickness of mineral 
Estimated volume of mineral 
Estimated yield of mineral per hectare 

7.0m 
15.0 million m3 (± 60% or 9.0 million m3J 
70 thousand m3 (± 60% or 42 thousand m ) 

*In the calculation of this figure, 50% of the area of discontinuous spreads and 50% of the 
area of morainic drift are assumed to be mineral-bearing 

Morainic drift 

The morainic deposits in the vicinity of 
Cuttieshillock constitute a minor, discontinuous 
resource of sand and gravel. No pits or 
boreholes were sited on the deposits, but 
rounded boulder and cobble-gravel is exposed in 
ridge-ploughing on newly afforested hummocky 
ground to the north of Cuttieshillock. 
Individual hummocks may rise to heights of 6 to 
8m, but the gravel deposits thin abruptly 
between the hummocks. The high proportion of 
cobbles and boulders present suggest that the 
morainic deposits do not represent an attractive 
mineral resource. 

Resource block C 

The boundaries of block C are drawn to include 
all of the moundy and kettled spreads of 
fluvioglacial sand and gravel within the valleys 
of the Burn of Brooky and its tributaries, 
between Greystane Wood [649 872] and Black 
Loch [653 904], and those mantling the 
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interfluve between the Burn of Strathy and the 
Water of Dye, north of Bogarn [657 903]. The 
block also includes moundy deposits of morainic 
drift that occur on the western side of the Burn 
of Brooky, and in the vicinity of Rouchanbeg 
[648 898]. The thin, discontinuous resources of 
sand and gravel contained within the alluvium of 
Burn of Brooky and those underlying the marshy 
ground south -west of Greendams [649 900] are 
also included. 

A statistical assessment is given for the block as 
a whole (Table 12), based on 10 data points, but 
the fluvioglacial, morainic and alluvial deposits 
will each be described separately. 

Fluvioglacial sand and gravel in the valley of the 
Burn of Brooky 

Data from four sample points on the kettled 
spreads of fluvioglacial sand and gravel that 
flank the Burn of Brooky, show that the deposits 
generally lie above the water-table, and that 
they vary considerably in terms of thickness and 



grading. The thickest deposits form steep-sided 
mounds, up to 28m in height, on either side of 
the B947 road, between Cormech [651 901] and 
the disused sand and gravel quarry [6513 8865), 
800m west of Tillyfumerie [659 886). A section 
(68 NE 7) excavated in the quarry showed 8.8m 
of gravel overlying till. Horizontally bedded 
sandy gravel, 2.2m thick, at the top of the 
section, passes down into cross -stratified gravel 
that becomes more clayey below 4.9m depth. A 
pit (68 NE 2) excavated in a small sand and 
gravel working, 200m farther north, proved 
2. 7m of sandy gravel overlying till, indicating 
that the sand and gravel thins northwards 
hereabouts. 

Fluvioglacial sand and gravel forming a 
steep-sided conical mound, 28m high, has been 
worked at Dunniemore Quarry [6530 8978]; a pit 
(68 NE I) excavated at the base of the 15m high 
worked face, failed to bottom the deposit at an 
overall depth of 16. 7m. The top of the working 
lies some I Orn below the mound summit, 
suggesting that more than 25m of sand and 
gravel, lying above the water-table, may be 
present. Cobble gravel, interbedded with trough 
cross-bedded pebbly sand, is present at the top 
of the section; it overlies trough cross-bedded 
sandy gravel, which rests on gravel interbedded 
with ripple-laminated fine-grained sand towards 
the base. 

Cobble gravel is thought to underlie moundy, 
kettled topography that extends 800m 
southwards from Lady's Dowry [649 897). The 
gravel deposits have been dissected by 
steep-sided drainage channels, up to JOm deep, 
some of which have till exposed in their floors. 
No sample points were sited on these 
fluvioglacial deposits, but 2-3m of 
clast-supported gravel, composed almost entirely 
of granite cobbles in a matrix of clayey sand, is 
exposed in the sides of several of the forestry 
tracks which cross the area. 

Fluvioglacial sand and gravel on the interfluves 
of the Burn of Strathy and the Water of Dye 

Thick deposits of fluvioglacial sand and gravel 
form kettled terraces in the vicinity of Woodside 
Cottage [646 905] and Pitdelphin Wood 
[654 907). The Pitdelphin Wood terrace stands 
up to 30m above the level of the adjacent 
floodplain of the Water of Dye, but mapping 
shows that the sand and gravel deposits are 
generally less than 20m thick. They overlie till 
and glaciolacustrine deposits, particularly 
towards the southern margin of the terrace, 
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where an assessment borehole (69 SE 8) proved 
14.lm of fluvioglacial sand and gravel, beneath 
negligible overburden. At this borehole, the 
fluvioglacial deposits fine downwards, from 
clast-supported cobble gravel into sandy · gravel 
and 'very clayey' pebbly sand; they overlie 4.5m 
of varved, glaciolacustrine silt resting in turn on 
sandy gravel interbedded with diamicton. The 
borehole was terminated at 19.6m depth having 
failed to bottom the drift sequence or to reach 
the water-table. An assessment borehole (69 SE 
5) near Pitdelphin Farm [654 911] at the 
north-eastern margin of the fluvioglacial 
deposits, failed to bottom the sand and gravel at 
12.5m depth. Trial pits (69 SE 24 and 
69 SE X6) were also terminated in sand and 
gravel, at depths of 4.8m and 2.2m respectively. 
The samples taken at each data point indicate 
that the sand and gravel has been laid down as 
one, or more, coarsening-upwards units and that 
most of the resource lies well above groundwater 
level. 

The kettled terrace on the western side of the 
Burn of Strathy is underlain by thinner 
fluvioglacial deposits than those forming the 
Pitdelphin Wood terrace. The sand and gravel is 
exposed in faces, 2m high, in a small abandoned 
working at Woodside Cottage; it is seen to 
comprise clast-supported coarse gravel, 
interbedded with pebbly sand. An assessment 
pit (69 SE 4), dug near the north-eastern margin 
of the terrace proved only 1.2m of poorly 
stratified gravel, resting on till. 

Morainic drift 

Four assessment pits (68 NW 5, 6, 7 and 8), 
show that the hummocky spreads of morainic 
drift in block C contain little potentially 
workable sand and gravel. Claybound 
boulder-gravel, with blocks of granite up to 
1.1 m, was recorded in pits 68 NW 6 and 
68 NW 8; stony diamicton overlying granite 
bedrock was exposed in pit 68 NW 7. 
Clast-supported cobble gravel was proved to a 
depth of 3.2m in pit 68 NW 5, but claybound 
boulder gravel and diamicton are seen in many 
small exposures nearby. 

Alluvial deposits 

Thin, laterally discontinuous deposits of sand 
and gravel are exposed in the banks of the Burn 
of Strathy / Burn of Brooky, between the 
northern margin of the resource block and 
northing 89. Sand and gravel is also present 
underlying the marshy ground in the vicinity of 



Table 13 Strachan sheet : Data from aample points and the aaseeament of resources in Block D 

Data point Recorded thickneea Mean grading percentage 

(ai11ea in mm) 

Borehole , pit, Total Depth of Intervening Fines Fine Medium Coane Fine Coane Cobbles Descript ive 

exposure or mineral burial waate aand sand sand gravel gravel and category ( see 

resistivity boulden the diagram 

sounding m m m - .063 .063- .25 .25 - 1 1-4 4- 16 16-64 +64 in Appendix C) 

---
NO 69 SE 12 5.6 0 .2 2 1 14 39 16 12 16 SG 

NO 69 SE 16 6.5 1 1 13 35 13 24 13 G 

NO 69 SE 17 7 .9• 0 .1 9 13 30 19 8 7 14 SG 

NO 69 SE 18 6 .9+ 0.2 2 14 56 26 2 0 0 s 
NO 69 SE 19 4 .1 •• 0.2 5 3 18 31 23 17 3 SG 

N069SE21 12.8+ 3 8 19 28 17 15 10 SG 

NO 69 SE 22 7.3+ 4 4 30 22 12 15 13 SG 

NO 69 SE 23 6.3+ 0 .2 2 3 39 33 10 7 6 PS 

NO 69 SE R6 1.0 0.1 

Mean 6 .4 0.1 4 6 27 28 13 12 10 SG 

• Overlying 2.0m of potentially workable till 

•• Overlying 0 .7m+ of potentially workable till 

Statistical assessment of the fluvioglacial sand and gravel, glacial sand and gravel and alluvial deposits 
between the Slacks of Pitreadie and Affrusk Farm (Block D) 

Total area 
Area of exposed mineral 
Area of discontinuous spreads of mineral 
Total area of mineral-bearing ground 
Area of ground worked for sand and gravel 
Area of morainic drift (not assessed) 
Mean thickness of overburden 
Mean thickness of mineral 
Estimated volume of mineral 
Estimated yield of mineral per hectare 

5.04 km2 

0.91 km2 

0.34 km2 

1.08 km2* 
0.02 km2 

0.75 km2 

O.lm 
6.4m 
6.9 million m3 (± 41 % or 2.8 million m3) 

64 thousand m3 (± 41 % or 26 thousand m3
) 

*In the calculation of this figure, 50% of the area of discontinuous spreads is assumed to 
be mineral-bearing 

Greendams. Resistivity soundings (69 SW R6), 
taken on the alluvial flat 100m north of 
Greendams, indicate that between 3.7m and 
6.0m of pebbly sand may be present, though 
only the top 0.3m of the resource lies above the 
water-table. 

Resource block D 

Block D includes all of the potentially workable 
sand and gravel, between the eastern margin of 
the resource sheet and the alluvial deposits of 
the Water Feugh downstream of Templeton 
Croft. The southern part of the block includes 
the lower reaches of the Burn of Melmannoch, 
but it does not include the morainic ridges to 
the east of the Coves of Curran [693 896] as 
mapping indicates that they contain no 
potentially workable deposits. 

Thick resources of sand and gravel are present 
within moundy fluvioglacial deposits that extend 
between Moss-side [696 916] and Kitalnaekit 
Wood. Thick deposits also flank the floodplain 
of the Water of Feugh between Templeton Croft 
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and Mill of Cammie Farm [688 923]. Thinner 
resources underlie the kettled topography at the 
eastern margin of the block; these extend onto 
ground covered by the adjoining 
Banchory / Stoneha ven resource sheet. Sand and 
gravel also forms steep-sided mounds in the 
valley of the Burn at Melmannoch, especially at 
the confluence of this burn and the Burn of 
Slacks. 

Fluvioglacial deposits are presently being worked 
at Cammie Wood Gravel Pit [695 920]; similar 
material has been worked in a pit 300m 
north-north-west of Blackness [697 929] and 
glacial sand and gravel, forming an esker, has 
been worked at Burn of Rhoda Gravel Pit 
[678 918]. Minor resources of pebbly sand are 
present as thin, discontinuous spreads within the 
lacustrine alluvium and alluvium fan deposits to 
the north of Upper Curran [697 906]; most of 
this material lies close to the water-table. 

The morainic drift deposits in block D have not 
been assessed, because mapping indicates that 
they contain little workable material. A single 



trial pit (69 SE 20) dug into these deposits 
proved only 0.6m of silty sand overlying 0.4m of 
sandy diamicton; the latter rests on decomposed 
granite which grades as 'gravel' and may be 
workable. A statistical assessment (Table 13), 
based on 9 sample points, is given for the block 
as a whole. 

Fluvioglacial deposits 

The kettled spreads of fluvioglacial sand and 
gravel north and west of Moss-side constitute 
the most attractive resources in the area. The 
records of one assessment borehole (69 SE 17), 
two measured sections (69 SE 21 and 22) and 
one trial pit (69 SE 23) sited on these deposits, 
show that, in general, they fine downwards from 
clast-supported gravel, into pebble sand, and 
then into silty sand. The fluvioglacial sand 
gravel was laid down as a series of fan-deltas 
which prograded north- westwards into 
ice-marginal lakes, ponded by ice that occupied 
the valley of the Water of Feugh. One measured 
section (69 SE 18) in a small disused pit 
[6942 9154] south-west of Moss-side, however, 
recorded only 6.9m of cross-bedded sand, 
showing that gravelly deposits are absent locally. 

The thickest sequence of deltaic sediments was 
recorded from one of the working faces in 
Cammie Wood Gravel Pit (69 SE 21) where 
12.8m of sand and gravel was recorded lying 
above the water-table . The surface of the 
ground underlain by sand and gravel rises in 
elevation to the east of the present workings, 
indicating that the thicker deposits may be 
present in this part of the block. Mapping also 
indicates that thick sand and gravel deposits may 
underlie flat-topped mounds that rise 10-l 5m 
above the level of the surrounding ground , 
between Moss-side and Burn of Rhoda farm 
(682 9 I 9], and to the north-east of Mill of 
Cammie [689 921 ]. Assessment borehole 
69 SE 17, sited to the east of the mill , proved 
7 .9m of sand and gravel overlying potentially 
workable flow-till. 

Three flat-topped mounds of fluvioglacial sand 
and gravel on the flanks of the Burn of Affrusk, 
north of Blackness, constitute a minor resource. 
A section and pit (69 SE 16), in a small working 
in one of the mounds, proved 3.4m of 
horizontally bedded gravel overlying 3.lm of 
cross-bedded gravel resting on laminated silt and 
clay; these three units respectively constitute the 
topset, foreset and bottom set beds of a small 
fan-delta. 
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An extensive kettled spread of sand and gravel 
lies to the east of, and rises 7-8m above the 
surface of flat-lying ground underlain by 
lacustrine alluvium to the east of Pitreadie Farm 
[692 910]. An assessment borehole (69 SE 19), 
sited on top of a mound near to the southern 
margin of the spread, proved 4. Im of sandy 
gravel overlying potentially workable flow-till. 
The sand and gravel is known to thicken 
north-eastwards as indicated by an assessment 
borehole (79 SW 2) drilled during the assessment 
of the adjoining Stonehaven/ Banchory area, 
which proved 6.6m of fluvioglacial sand and 
gravel overlying flow-till. 

No quantitative information is available on the 
thickness and quality of the fluvioglacial sand 
and gravel in the valley of the Burn of Slacks 
and in the valley of the Burn of Melmannoch. 
Mapping indicates that workable deposits may 
be up to I Orn in thickness , but their limited 
extent and isolated location detract from their 
potential as a resource. 

Glacial sand and gravel 

Discontinuous steep-sided eskers, trending 
SW-NE, rise 8-15m above the adjacent ground 
surface north of Gally Bank (687 91 I]. No 
sample points were sited on the eskers, but they 
are thought to be a potential source of aggregate 
because clast-supported cobble-gravel and 
pebbly sand can be seen in numerous small 
exposures. 

Glacial sand and gravel , forming a low E-W 
trending esker, has been worked in Burn of 
Rhoda Gravel Pit. A measured section 
(69 SE I 2) at the eastern end of the pit recorded 
1.7m of poorly-sorted cobble-gravel, overlying 
3.9m of sandy gravel with scattered granite 
boulders. The sand and gravel rests on till, 
which forms the floor of the pit. 

Lacustrine alluvium 

Discontinuous beds of silty sand have been 
augered beneath the alluvial flat to the east of 
Pitreadie Farm. The sand, which is interbedded 
with peat and silt, crops out in the banks of the 
Burn of Curran and in the sides of ditches 
which drain the waterlogged ground. The sand 
is of minor interest, in resource terms, and 
resistivity soundings (69 SE R5) indicate that the 
underlying glaciolacustrine deposits are mainly 
composed of water-saturated silt. 

Comparable spreads of sandy lacustrine alluvium 



Table 14 Strachan 1heet : Data from ,ample poinh and the a.uesament o( resource, in Block E 

Data point Recorded thickneaa Mean grading percentage 

(aiua in mm) 

Borehole, pit, Total Depth of Intervening Finea Fine Medium Coarae Fine Coarse Cobbles Descriptive 

expoaure or mineral burial waate ,and aand aand gravel gravel and category ( see 

reaiat ivity bouldera the diagram 

1ounding m m m - .063 .063 -.25 .25 - 1 1-4 4-16 16- 64 + 64 in Appendix C) 

---
NO 68 NW 9 2 .2+ 0 .3 6 3 11 12 14 26 28 G 

NO 69 SW 4 !1.1+ 0 .2 0.1 !I 5 19 24 13 14 22 G 

NO 69 SW 6 4.7 0 .3 2 l 10 20 15 20 32 G 

NO 69 SW 8 4.6+ 0.1 l l 18 39 16 15 10 SG 

NO 69 SW 11 2 .0+ 0.8 3 l 18 31 13 19 15 SG 

NO 69 SW 14 2 .6+ 0.2 2 1 7 20 14 15 41 G 

NO 69 SW 16 4.2+ O.!I 1 1 22 40 11 10 15 SG 

NO 69 SW 18 1.0 O.!I 2 1 9 32 21 26 9 G 

Mean !1 .0 0 .3 2 2 16 28 14 17 22 G 

Statistical assessment of Block E (mainly glacial sand and gravel and morainic drift deposits) 

Total area 
Area of exposed mineral 
Discontinuous spreads of mineral 
Area of morainic drift 
Total area of mineral-bearing ground 
Mean thickness of overburden 
Mean thickness of mineral 
Estimated volume of mineral 
Estimated yield of mineral per hectare 

4. 17 km2 

0.27 km2 

0.40 km2 

l.72 km2 

1.33 km2* 
0.3m 
3.0m 
4.0 million m3 (± 38% or 1.5 million m3

) 

30 thousand m3 (± 38% or l l thousand m3 ) 

*In the calculation of this figure, 50% of the area of discontinuous spreads and 50% of the 
area of morainic drift are assumed to be mineral- bearing 

have been mapped to the south-east of 
Blackness, where they are flanked, to the north, 
by a low-lying terrace composed of fluvioglacial 
sand and gravel. Although both deposits are 
shown on the resource map as continuous 
spreads of exposed sand and gravel, they are 
only of limited interest, as they are thin and lie 
at or near groundwater level. 

Resource block E 

The boundaries of block E are drawn to include 
most of the morainic drift and glacial sand and 
gravel deposits on the southern flank of the 
valley of the Water of Feugh, between the 
western margin of the resource sheet and the 
Feugh/ A ven confluence. The block also 
includes most of the morainic drift and alluvial 
deposits in the valley of the Burn of Greendams 
to the west of Rc:>Uchanbeg and the moraines and 
eskers between The Drummels [629 897] and Ord 
of Cuttieshillock. 

Morainic drift 

Deposits of morainic drift are widespread in 
block E where they constitute a resource of 
poor-grade heterogeneous sand and gravel that 
typically forms very irregular hummocky 
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topography and sandy soils. The deposit has 
been dug on a very small scale to the south of 
Blackhole. A section and pit (69 SW 4) in one 
working, proved 1.5m of poorly sorted cobble 
gravel overlying 1.6m of poorly stratified sandy 
gravel, separated by a waste parting I 0cm thick. 
The excavation was abandoned on large boulders 
of felsitic porphyry at 3.4m depth. A trial pit 
(69 SW 7) sited 700m to the south-east of the 
working proved 1.3m of diamicton with angular 
boulders of coarse-grained granite, resting on 
granite bedrock, illustrating the highly variable 
nature of the morainic drift material. 

Workable sand and gravel was proved at four of 
the six trial pits sited on the morainic drift in 
block E. A pit ( 69 SW 11) at Moss of Powlair 
proved 2.0m of sandy gravel beneath sandy 
diamicton, before the water-table halted further 
progress. Two pits (69 SW 14 and 18), sited on 
the morainic drift on the eastern side of the 
valley of the Water of A ven, proved 2.6m and 
I.Orn of workable sand and gravel respectively. 

No trial pits were dug in the morainic drift in 
the valley of the Burn of Greendams, but 
ridge-ploughing in recently planted coniferous 
forestry plantations, indicates that the deposits 
contain a high proportion of large boulders, thus 



making them unattractive as a source of Other mineral deposits 
aggregate. 

Glacial sand and gravel 

Discontinous esker ridges, up to 15m high, 
composed of poorly sorted glacial sand and 
gravel, were laid down by englacial meltwater 
that drained south-eastwards between Blackhole 
and Rouchan [640 896]. The sand and gravel 
has been dug in numerous small workings to the 
south of Midclune farm [607 916]. The face of 
a small working (69 SW 6), 500m to the 
south-east of the farm, exposed 4.7m of 
clast-supported cobble gravel with prominent 
cross-stratification. The cross-stratification dips 
parallel to the sides of the esker, which, at its 
eastern end, stands up to 8m high. A pit 
excavated at the base of the working face 
showed that the sand and gravel rests on stiff, 
clayey diamicton. 

Glacial sand and gravel also forms a prominent 
sinuous esker, I km long, to the west of Ord of 
Cuttieshillock. Exposures in the sides of a 
newly constructed forestry track show the 
deposit to be composed of poorly stratified 
coarse gravel, containing many boulders of 
coarse-grained pink granite. A pit (69 SW 16), 
excavated mid-way along the esker ridge, 
proved 4.2m of sand and gravel, unbottomed. 

Alluvial deposits 

A single trial pit (68 NW 9) was sited on the 
alluvial deposits in block E. It showed that 2.2m 
of clast-supported gravel, lying above the 
water-table, is present beneath the surface of an 
alluvial fan at Rouchan. Discontinuous 
potentially workable deposits are present close 
by, as indicated by exposures of pebbly sand, 
interbedded with silt and clay, in the banks of 
the Burn of Greendams. The sand, silt and clay 
overlie boulder gravel. Up to 5m of cobble 
gravel is exposed in river cliffs cut into terraced 
alluvial fan deposits upstream of Rouchan; the 
gravel is seen to pass laterally into stiff, sandy, 
stony clay. 

Water-saturated silty sand, underlying humic 
silt, has been augered in places on the alluvial 
flat to the south of Midclune and similar 
material is thought to be present beneath 
waterlogged silty alluvium in the vicinity of 
Rouchan. 
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Two kettled mounds of fluvioglacial sand and 
gravel are present where the Wester Burn and 
Easter Burn converge to form the Burn of 
Greendams. No assessment data are available 
regarding the thickness and grade of these 
deposits, but clast-supported cobble and boulder 
gravel is exposed in a degraded river cliff, about 
17m high, [6254 8860] on the eastern side of the 
larger mound. 

Assessment data for block E is given in Table 
14. 

Resource block F 

This block includes all of the potentially 
workable sand and gravel in the valleys of the 
Water of Dye and its tributaries, between the 
Bridge of Bogendreep and the southern margin 
of the resource sheet. The most extensive 
deposits are found beneath the floodplain of the 
river but they are generally thin and 
water-saturated . They are therefore less 
attractive than thicker, dry deposits of 
fluvioglacial sand and gravel, which form 
moundy topography at Black Hillocks [628 862] 
and Scolly's Cross [652 877], and flat-topped 
terraces, 8- I0m in height, west of 
Heatheryhaugh [658 869] and east of Miller's 
Bog [637 861]. 

Discontinuous resources, of minor importance, 
underlie low-lying terraces on both sides of the 
river in the vicinity of Heatheryhaugh, higher 
terraces near Glen Dye Lodge [645 862] and low 
terraces on the northern side of Mill Burn. 
Small amounts of alluvial sand and gravel are 
present in the valley of Mill Burn and the valley 
of Builg Burn. 

A statistical assessment of block F, based on 
fourteen data points, is given in Table 15. 

Fluvioglacial deposits 

The most attractive resources in the block, form 
steep-sided mounds up to 25m high at Black 
Hillocks. The mounds, which are densely 
forested, are the dissected remnants of a 
fan-delta that was laid down by meltwater that 
debouched from the south-eastern end of the 
Slack of Dye drainage channels. Steep 
topography and inaccessibility meant that the 
sand and gravel could onl y be sampled with 



Table 15 Strachan aheet : Data from aample pointa and the assessment of resources in Block F 

Data point Recorded thickneaa Mean grading percentage 

(sii:es in mm) 

Borehole, pit, Total Depth of Intervening Fines Fine Medium Coarse Fine Coarse Cobbles Descriptive 

exposure or mineral burial waste aand sand sand gravel gravel and category ( see 

resist ivity boulden the diagram 

aounding m m m - .063 .063- .25 .25 - 1 1- 4 4- 16 16-64 +64 in Appendix C) 

NO 68 NW 2 8 .3 0.3 0.7 7 7 33 29 20 4 0 SG 

NO 68 NW 3 2.3 2.5 5 5 17 34 21 18 0 SG 

NO 68 NW 4 2.1+ 0 .3 2 2 11 20 36 25 4 G 

NO 68 NE 3 4 .9 0 .3 0.1 5 11 30 42 12 0 0 PS 

NO 68 NE 5 4.9 0.3 9 9 27 36 16 3 0 PS 

NO 68 NE 6 1.2 0 .6 16 32 42 7 2 0 0 CS 

NO 68 NE Xl 2.7+ 0.5 3 4 22 48 19 4 0 PS 

NO 68 NE X3 2 .0+ 0.2 13 9 19 23 21 11 4 CSG 

NO 68 NE X4 1.5+ 0.2 3 4 10 25 27 23 8 G 

NO 68 NE Rl 2.2 0.1 
NO 68 NE R2 1.4 0.1 
NO 68 NE R3 4.7 0.1 
NO 69 SE X4 6 .9 0.6 l 3 16 26 15 21 18 G 

NO 69 SE XS 2.1 0.7 l 8 15 13 11 29 23 G 

Mean 3 .4 0.5 0.1 5 7 24 30 18 11 5 SG 

Statistical assessment of the fluvioglacial sand and gravel, glacial sand and gravel and alluvial deposits 

at G Jen Dye (Block F) 

Total area 
Area of exposed mineral 
Area of concealed mineral 
Area of discontinuous spreads of mineral 
Total area of mineral-bearing ground 
Mean thickness of overburden 
Mean thickness of mineral 
Estimated volume of mineral 
Estimated yield of mineral per hectare 

6.82 km2 

0.85 km2 

<0 .01 km 2 

1.19 km2 

1.45 km2* 
0.5m 
3.4m 
4.9 million m3 (± 39% or 1.9 million m3) 

34 thousand m3 (± 39% or 13 thousand m3 ) 

*In the calculation of this figure, 50% of the area of discontinuous spreads is assumed to 

be mineral-bearing 

great difficulty, by means of a mechanical 
excavator. A single trial pit (68 NW 4) proved 
2.1 m of clast-supported gravel, becoming finer 

with depth, before the excavation was 
abandoned. Exposures in the sides of a deep 

glacial drainage channel show that fine, angular 
gravel overlies at least 5m of fine-grained sand 

towards the base of the sequence, indicating that 
20-25m of sand and gravel may be present. The 
whole of the resource lies above the water-table. 

An assessment borehole (68 NE 3) sited on 
kettled fluvioglacial deposits that form moundy 

topography at Scolly's Cross proved 4.9m of sand 
and gravel, which becomes more clayey with 

depth. The mineral overlies glaciolacustrine silt, 

which rests on interbedded sandy and clayey 
diamictons overlying granitic gravel (probably 

decomposed bedrock). Similar fluvioglacial 
deposits were thought to underlie an area of 
undulating topography at Bridge of Dye farm 

[652 862]. An assessment borehole (68 NE 4) 
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sited 200m north-west of the farmhouse, 

however, proved only a thinly interbedded 
sequence of sandy diamicton, clayey gravel, silt 

and clay, resting on granite bedrock at 3.5m 
depth. Records of a trial pit (68 NE X I), I OOm 

to the south-west of the borehole site, excavated 
during the site-investigation for the Bridge of 
Dye road improvement, show 2.7m of sand and 
gravel. 

A degraded section, about 8m high, in a terrace 

bluff, indicates that several metres of sand and 
gravel underlies a flat-topped terrace, 300m west 

of Heatheryhaugh. The exposure (68 NE 5) was 
cleaned and sampled by hand, and a pit was dug 

by mechanical excavator at the base of the 

cleaned face . The excavations proved 4.9m of 
pebbly sand overlying 3.3m of glaciolacustrine 
silt. Comparable flat-topped terraces flank Mill 
Burn, where sand and gravel has been dug in 

several workings. A section and pit (68 NW 2) 

in one of the larger workings proved 2.8m of 



'clayey' sandy gravel overlying 0. 7m of waste 
and 4.0m of pebbly sand. The pebbly sand 
overlies glaciolacustrine deposits. The 
contrasting nature of the deposits that form 
terraces in the valley of Mill Burn is illustrated 
by the sequence recorded from a borehole 
(68 NW 3) sited on a terrace on the northern 
side of the burn . This borehole proved 2.3m of 
sand and gravel concealed beneath 2.5m of 
overburden, compnsmg soil, glaciolacustrine 
deposits and flow till. 

Alluvial deposits 

Three resistivity sounding sites (68 NE Rl, R2 
and R3) and one assessment pit (68 NE 6) were 
located on the floodplain and alluvial terraces of 
the Water of Dye, upstream of Builg Pot. Data 
from these sample points, together with the 
records from a site investigation borehole 
(68 NE X3) and a trial pit (68 NE X4), show 
that the mineral deposits in this part of the 
valley comprise a thin, almost continuous, spread 
of alluvial sand and gravel, which overlies 
boulder gravel or Kincardine Granite. The 
mineral, which has a mean thickness of 2.2m, 
lies mainly below the water-table. 

No sample points were sited on the alluvial 
deposits in the valley of the Water of Dye 
downstream of Builg Pot. Mapping suggests that 
the sand and gravel is generally thin and 
laterally impersistant, but the records of two site 
investigation boreholes (68 NE X4 and X5), 
drilled for the proposed Bogendreep Bridge 
Improvement, show 6.9m and 2.lm of sand and 
gravel respectively, underlying the floodplain of 
the river, immediately upstream of the present 
bridge. 

Resource block G 

This block covers most of the southern part of 
the resource sheet. It comprises generally barren 
upland covered by thin deposits of granitic sand 
and thick deposits of peat, overlying Kincardine 
Granite. No volumetric assessment is given for 
the limited resources present. 

Only one sample point (69 SW 3) was sited in 
the block. It proved 5.4m of highly decomposed 
granite, that grades as sandy gravel, overlying 
fresh coarse-grained Kincardine Granite in a 
sand pit west of Bogmore [607 903). Patches of 
similarly altered bedrock are widespread in the 
upland area; their presence is noted on the 
resource map. No attempt has been made to 
place a boundary between altered and fresh 
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bedrock as it is frequently gradational and it 
could not be mapped accurately, particularly 
where it is obscured beneath peat. The only 
other resources identified in block G, comprise 
very thin, terraced spreads of cobble gravel in 
the valley of the Water of A ven. The terraces 
are preserved upstream and downstream of a 
deep gorge cut by the river between 
Creaganducy [60 I 891 J and Meikle Strathvella 
[616 891). 

Total area of block G 45.08km2 

Area of discontinuous spreads of 0.11 km2 

mineral 

DESCRIPTION OF THE AUCHENBLAE
CATTERLINE RESOURCE SHEET 

Resource block A 

Resource block A is confined to the 
south-western part of the resource sheet. Its 
boundary with resource block B is defined by 
the southern and western margins of the 
floodplain of the Bervie Water. The major sand 
and gravel resources in block A are concentrated 
in two linear belts. The larger of these two belts 
flanks the valleys of the Luther Water and its 
tributary, the Burnie Shag, from the area around 
Galloquhine [7230 7946] to Mains of Fordoun 
[7325 7694), and south-eastwards to Whiteriggs 
[7588 7587). This belt consists entirely of 
terraced deposits of fluvioglacial sand and 
gravel. The other belt trends eastwards from 
Auchenblae to the vicinity of East Mondynes 
[7785 7950] and it comprises discontinuous 
ridges and mounds of glacial sand and gravel. 

Weathered conglomerate occurs in a triangular 
area between Glen of Drumtochty, Galloquhine 
and Denside [7170 8123] and it constitutes a less 
attractive resource, as do isolated deposits of 
glacial sand and gravel around Bomershanoe 
Wood [7332 7534] and an alluvial fan 200m 
north-east of West Cairnbeg [7016 7620]. 
Alluvium forms a poor, discontinuous resource 
in the Glen of Drumtochty, in the upper reaches 
of the Burnie Shag and in the low-lying ground 
between Pitrennie Mill [7285 7702] and Redmyre 
[7500 7536). The remainder of the resource 
block is barren, being mapped as exposed 
bedrock and till with small areas of 
glaciolacustrine deposits and lake alluvium. 
Summary assessment statistics and sampling data 



Table 16 Auchenblae-Catterline Resource sheet : Data from sample points and the aaaeaament of resources in Block A 

Data point Recorded thickness Mean grading percentage 

(sir.ea in mm) 

Borehole, pit , Total Depth of Intervening Fines Fine Medium Coarse Fine Coarse Cobbles Descriptive 
exposure or mineral burial waate sand sand sand gravel gravel and category ( see 

resistivity boulders the d iagram 

sounding m m m - .063 .063-.26 .26-1 1-4 4-16 16-64 +64 in Appendix C) 

---
Fluvioglacial sand and gravel 

NO 77 NE 2• 1.8+ 0 .3 10 trace 16 19 33 23 0 CG 
NO 77 NE 3* 2.0 0.6 6 8 63 11 16 8 0 PS 
NO 77 NW 2 3.4 0.3 2.1 6 6 10 20 36 22 2 G 
NO 77 NW 3 7 .3+ 0 .1 1 6 37 20 21 16 1 SG 
NO 77 NW 4 8 .1+ 0.3 1.0 6 7 46 16 18 8 0 SG 
NO 77 NW 6 6.2 4 4 48 41 2 1 0 s 
NO 77 NW 11 6.8 0 .3 6 14 61 14 11 4 0 PS 
NO 78 SW 2 1.0 0 .2 7 3 11 11 28 36 6 G 

Mean 4.6 0 .3 0.4 6 6 32 19 21 16 1 SG 

Glacial sand and gravel: Auchenblae - East Mondynea belt 

NO 77 NE 1 23 .1+ 0 .1 0.3 7 24 38 11 12 7 1 PS 
NO 77 NE 4 1.8 0 .2 6 8 22 6 21 33 4 G 
NO 77 NE 5 1.8+ 0 .9 2 2 16 15 27 35 3 G 
NO 77 NE 8 3 .3+ 0 .3 12 17 25 14 18 13 1 CSG 
NO 77 NE 9 3.8+ 0 .2 9 19 19 10 12 19 12 SG 
NO 77 NW 6 11.6 0 .3 6 6 18 21 28 17 4 G 
NO 77 NW 9 6 .4+ 0 .2 4 7 48 23 9 9 0 PS 
NO 77 NW 10** 18.1+ 0.9 1.6 9 23 26 14 15 11 2 SG 

Mean 8 .7 0 .4 0 .2 7 13 27 14 18 18 3 SG 

Glacial sand and gravel : Bomershanoe Wood 

NO 77 NW 8 4.2+ 0.3 5 4 16 16 26 29 5 G 

Overall mean for 6 .6 0 .3 0 .3 6 9 29 17 20 17 2 PS 
glacial and 
fluvioglacial 
sand and gravel 

Alluvium 

NO 77 NW 7 0 .9 1.5 9 9 16 20 30 17 0 G 

Overall mean for 6 .1 0 .4 0.3 6 9 29 17 20 17 2 G 
sand and gravel 

• shown incorrectly aa glacial sand and gravel in the borehole arrays on the resource map 
•• includes I.Orn of potentially workable flow - till 

Weathered conglomerate 

NO 78 SW 1 3 .2+ 0 .3 3 2 24 49 17 G 

Statistical assessment of glacial and fluvioglacial sand and gravel in block A 

Area of exposed mineral 3.74 km2 

Area of concealed mineral 1.17 km2 

Area of discontinuous mineral 0.86 km2 

Area of ground worked for mineral 0.21 km2 

Area of sterilised ground 0.25 km2 

Total area of mineral-bearing ground 5.34 km2• 

Mean thickness of overburden 0.3 m 
Mean thickness of mineral 6.5 m 
Estimated volume of mineral 34. 7 million m3 (±52% or 18.0 million m3i 
Estimated yield of mineral per hectare 65 thousand m3 (±50% or 34 thousand m ) 

Speculative assessment of weathered conglomerate bedrock in block A 

Area of exposed mineral 2.02 km2 

Total area of mineral-bearing ground 2.02 km2 

Estimated mean thickness of overburden 0.3m 
Estimated mean thickness of mineral 3.2m 
Estimated volume of mineral 6.5 million m3 

Estimated yield of mineral per hectare 32 thousand m3 
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Speculative assessment of alluvial deposits in block A 

Area of exposed mineral 0.06 km2 

Area of discontinuous mineral 1.62 km2 

Total area of mineral-bearing ground 0.87 km2
• 

Estimated mean thickness of overburden 0.9m 
Estimated mean thickness of mineral 0.9m 
Estimated volume of mineral 0.8 million m3 

Estimated yield of mineral per hectare 9 thousand m3 

• In the calculation of these figures, 50 per cent of the area of 
discontinuous spreads is considered to be mineral bearing. 

are presented in Table 16. 

Fluviog/acial sand and gravel 

The fluvioglacial sand and gravel between 
Galloquhine [7230 7946] and Whiteriggs 
[7588 7587] forms a series of dissected terraces 
and ridges; the highest of these features stand 
more than 25m above the floodplain of the 
Luther Water in the ground between Mains of 
Fordoun [7325 7694] and Auchenblae. This sand 
and gravel is considered to have been deposited 
in ice-marginal lakes, ponded between ice 
occupying low ground and higher ground to the 
north-west of Auchenblae. Meltwaters entered 
the lake that occupied the low-lying ground west 
of Mains of Fordoun from the north-north-east, 
down the drainage channels now occupied by the 
Luther Water and Burnie Shag. As ice retreated 
to the south and south-west, meltwaters 
dissected the earlier deposits, forming the 
prominent erosional features seen in the 
Auchenblae area. The terraced deposits between 
Mains of Fordoun and Whiteriggs were probably 
laid down by meltwaters which were constrained 
by ice to flow south-eastwards, joining the 
drainage channel of the Bervie Water south-east 
of Fordoun. 

The greatest thickness of mineral occurs in the 
area between Auchenblae and Mains of Fordoun 
where sampling in pits and sections has proved 
thicknesses in excess of 5m. Trial pit/section 
77 NW 6 proved 5.2m of sand resting on till, 
whereas 77 NW 3, in Gilberts Hill Quarry, and 
77 NW 4 in Drumsleed Quarry, proved in excess 
of 7.3m and 8.lm of sandy gravel respectively. 
The sections show cross-stratified sands and 
gravels that generally coarsen upwards. A 
terraced ridge of sand and gravel to the west of 
the Luther Water, between Cairnton Cottages 
[7279 7722] and Whinhill [7272 7801] was not 
sampled. However, sand and gravel is being 
extracted in a small quarry [7255 7768] 200m 
north of Black Knaps, where a section showed 
more than 6m of clast-supported cobble-gravel. 
Site investigation data confirms that sand and 
gravel underlies the terraces to the east. 

North of Auchenblae, the deposits of sand and 
gravel appear to thin . Borehole 77 NW 2 proved 
3.4m of mineral with a 2. Im waste parting, 
probably consisting of massive boulder gravel. 
Geological mapping of the ground around Fa' 
Hillocks [7320 7923] suggests that several metres 
of sand and gravel are present, but the ground is 
currently occupied by the Auchenblae Golf 
Course. Several metres of mineral are also likely 
to be present in the ground flanking the 
south-western side of the valley of the Luther 
Water north-west of Auchenblae. Parts of 
Auchenblae, including High Street, Inverurie 
Street and Glenfarqhuhar Road, are built on the 
sand and gravel, thus sterilising some of the 
deposit. 

The lower lying, terraced deposits between 
Mains of Fordoun and Whiteriggs [7588 7587] 
are considered to be less continuous than the 
equivalent deposits to the north-west. Borehole 
77 NW 11, sited 200m south of Pittengardner, 
proved 6.8m of pebbly sand resting on till, but 
geological mapping suggests that the thickness of 
mineral is much reduced in other places and it is 
no more than 1 to 1.5m thick to the south-east, 
near Fordoun. Between Fordoun and 
Whiteriggs, four dissected, terraced deposits of 
mineral are present and they are considered to 
be an extension of the terraces to the north-west 
of Fordoun. Pits 77 NE 2 and 77 NE 3 proved 
1.8m and 2.0m of gravel respectively, the former 
being unbottomed. Please note that the 
geological classification of these deposits is 
shown incorrectly in the borehole graphic arrays 
on the resource map; the deposits are 
fluvioglacial and not glacial sand and gravel. 

The deposits between Auchenblae and Mains of 
Fordoun are the most intensively worked of any 
on the Auchenblae-Catterline resource sheet. 
Drumsleed Quarry is by far the largest working, 
with some two-thirds of the ridge between 
Drumalan [7302 7751] and Gilbert's Hill having 
been removed. 

The mean thickness of the fluvioglacial sand and 
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gravel is 4.5m and the mean grading is 6 per 
cent fines, 57 per cent sand and 37 per cent 
gravel; the overall classification is sandy gravel. 
However, as the data in Table 16 show, these 
deposits vary considerably in grading and the 
possibility of higher fines contents occurring in 
places cannot be discounted. 

Glacial sand and gravel 

Auchenblae to East Mondynes 

Glacial sand and gravel between Auchenblae and 
East Mondynes [7785 7950] occurs in a linear 
belt of ridges and mounds. The most extensive 
spreads of mineral occur at the western end of 
this belt, between Auchenblae and 
Hungeral/Nursery Burn; here the ridges exceed 
20m in height and the belt is about a kilometre 
wide. East of Causeywell Brae [7515 7889), the 
deposits of sand and gravel are less abundant 
and more widely scattered, but significant 
resources are present, most notably the 900m 
long ridge of sand and gravel extending 
eastwards from Castleton [7600 7870). In the 
vicinity of Lafton Knowes [7640 7935), ridges of 
sand and gravel occur amidst ice-scoured ridges 
formed of conglomerate; it is likely that the sand 
and gravel is derived directly from the 
conglomerate, indeed trial pit 77 NE 4 proved 
1.8m of gravel on conglomerate in a ridge lOm 
high. 

Exposures in glacial sand and gravel are not 
common and in many areas the sand and gravel 
is blanketted with a thin layer of flow-till up to 
about 2.5m thick. Exposures in pit 77 NW9 
reveal the complex internal structures that can 
occur in these sands and gravels. Beds are 
contorted and faulted and, in the upper part of 
the section, gravels interdigitate with gravelly 
flow-till. The sands and gravels are considered 
to have been deposited in temporary, 
ice-marginal lakes, formed by the ponding of 
meltwaters between ice on high ground to the 
north and ice in Strathmore to the south. 

The glacial sands and gravels vary considerably 
in thickness. The thickest proven deposits occur 
in the ridge between Causeywell Brae 
[7515 7892] and Spy Hillock [7561 7887). 
Boreholes 77 NE I and 77 NW JO proved 23 . Im 
and 18.1 m of mineral, respectively; in both 
boreholes, the mineral was not bottomed and the 
lowest 4 to Sm of the deposit lies below the 
water-table. In these two boreholes, the mineral 
varied from 'clayey' sand and 'clayey' gravel to 
gravel. In the 'clayey' sand horizons, the fines 
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content reaches 25 per cent and the sand is very 
fine-grained. The 'clayey' gravel occurs betwen 
4.9 and 5.9m in 77 NW 10 and is probably a 
flow-till. The overall grading classification for 
77 NE I is pebbly sand and in 77 NW 10, it is 
sandy gravel. In the central part of the belt of 
glacial sands and gravel deposits, west of 
Hungeral/Nursery Burn, borehole 77 NW 5 at 
Bankhead proved 11 .6m of gravel. Trial 
pit/section 77 NW 9 sited in a small working at 
[7457 7877] was unbottomed in 6.4m of mineral 
grading overall as pebbly sand. 

It is considered that the glacial sand and gravel 
east of Castleton [7600 7870] is likely to be 
thinner generally than that to the west. 
However, mineral was only bottomed in trial pit 
77 NE 4 where, as mentioned previously, gravel 
rests on conglomerate. The gravel in pit 
77 NE 5, which was sited on the ridge extending 
eastwards from Castleton, lies beneath 0.9m of 
flow-till, but it is exceptionally clean with a 
fines content of only 2 per cent. Only 1.8m of 
mineral was proved at this site, because the poor 
consolidation of the material caused the sides of 
the pit to collapse, but it looks to be an 
attractive resource. In the area around East 
Mondynes, trial pits 77 NE 8 and 77 NE 9 
proved 3.3 and 3.8 of mineral respectively, 
though both were unbottomed; the mineral here 
is more fines-rich than material farther west and 
it also contains some >64mm material. 

The mean grading of the glacial sand and gravel 
in the Auchenblae/East Mondynes area is 7 per 
cent fines, 54 per cent sand and 39 per cent 
gravel and the overall classification is 'sandy 
gravel'. The mean thickness of the resource is 
8. 7m, but the range is from 1.8m to 23. l m. 
Because of the likelihood of great variability in 
grading within the glacial sand and gravel, the 
mean values given above must be treated with 
caution; variations in both thickness and grading 
may occur rapidly over short distances. 

Bomershanoe Wood 

The glacial sand and gravel deposits in the 
vicinity of Bomershanoe Wood occur as a series 
of mounds and arcuate ridges that are considered 
to have been deposited as eskers. These features 
are about 5m high and give rise to gravelly soils. 
Trial pit 77 NW 8 was sited in the central 
mound and it was unbottomed in 4.2m of gravel. 
The mineral is relatively clean, though it does 
contain some cobbles. None of the other 
mounds were sampled, but 1.8m of gravel 
resting on till is recorded in a trench in the 



south-easternmost mound. Based on the one 
sample point the mean grading is 5 per cent 
fines, 35 per cent sand and 60 per cent gravel. 

The glacial sand and gravel has not been worked 
extensively in resource block A. The only 
working that was active in 1989 was at 
[7450 7877], but this was operated on a very 
small scale. A mound of what was probably 
largely glacial sand and gravel has been removed 
from the area immediately east of Laftan 
Knowes [7670 7926]. 

Alluvium and alluvial fans 

Deposits of alluvial sand and gravel occurring as 
alluvial fans only form minor resources. By and 
large, these deposits are close to, or below, the 
water-table. 

Alluvium Thin discontinuous spreads of 
mineral are considered to be present beneath the 
flat, low-lying and poorly-drained ground 
between Pitrennie Mill [7285 7702] and the area 
just to the north-west of Redmyre [7500 7536]. 
This material is considered to have been 
deposited in ice-scoured basins contammg 
glaciolacustrine deposits and till. Up to I.Sm of 
clast-supported gravel is seen in the banks of 
the Luther Water to the south of Pitrennie Mill. 
However, interpreted res1sttv1ty sounding 
77 NW R2 suggests that the alluvium to the 
south-west of the Mains of Fordoun comprises a 
mixture of clay, silt and sandy gravel and is thus 
considered to be waste. Furthermore, borehole 
77 NW 7 proved only 0.9m of saturated, poorly 
sorted, dirty gravel at a depth of 1.5m. Alluvial 
sands and gravels up to 1.9m thick are recorded 
in a pipeline trench south-east of Auchenzeoch 
[7379 7610] and site investigation boreholes 
record that sand and gravel in excess of 3m 
thick underlies the alluvial flat north-west of 
Redmyre. Available data thus indicates that the 
alluvial deposits vary widely in thickness and 
character and that these variations are likely to 
occur very rapidly, both laterally and vertically. 
Please note that resistivity sounding site 77 NW 
R3 is wrongly positioned on the resource map: 
the correct site is [7274 7545]. 

Alluvium forming the narrow floodplains of the 
Luther Water, north of Cairnton Cottages, 
together with that of the Burnie Shag, is 
considered to contain some sand and gravel. 
However, this is likely to be discontinuous and 
very variable in thickness and grading. 

between Mains of Fordoun [7835 7694] and 
Drumalan [7 302 77 51] is considered to be 
formed largely by an alluvial fan, deposited by 
water debouching from the gorge of the Luther 
Water south of Auchenblae. At its highest 
point, the surface of the fan stands at about Sm 
above the adjacent floodplain . Although not 
sampled, the gravelly soil suggests the presence 
of sand and gravel; any mineral is unlikely to be 
more than 5m thick. It is not a particularly 
attractive resource. 

An alluvial fan immediately north-east of West 
Cairnbeg [7020 7620] stands, at its highest, 3m 
above the level of the surrounding alluvial flat . 
Sections in drainage ditches reveal up to Im of 
fine-grained silty gravels interbedded with sand. 
The material is water-saturated below 0.5m. 

Conglomerate 

Conglomerate cropping out to the north of Glen 
of Drumtochty is weathered and disaggregated 
and thus constitutes a source of coarse aggregate. 
Trial pit 77 SW I, sited immediately to the north 
of a small working at Den of Dash, was 
unbottomed in 3.2m of coarse gravel. The 
mineral here contains only a small amount of 
sand and it becomes increasingly coarse with 
depth, with +64mm material constituting at least 
40 per cent of the sample between 2.3 and 3.5m. 
Some of the upper part of the deposit may have 
been glacially reworked. An exposure in a 
sileage pit at Denside [7170 8124] exposes in 
excess of 4.5m of decomposed conglomerate, but 
the thickness and lateral extent of such material 
will vary widely; as little as 0.8m is recorded at 
the top of the section in a disused quarry 400m 
south-east of Ruehill [7158 8026]. The 
estimated mean thickness of the decomposed 
conglomerate resource is 3.2 m and the mean 
grading is 5 per cent fines, 16 per cent sand and 
79 per cent gravel. 

Resource block B 

The western margin of resource block B is 
defined by the western boundary of the 
alluvium of Bervie Water. The eastern margin 
runs north-south, for the most part, along 
easting gridline 38000. The eastern margin is 
defined so that, as far as possible, potentially 
workable resources of conglomerate are 
contained within a single resource block for 
assessment (block C). 

Alluvial fans The gently undulating ground Much of block B is barren ground with bedrock 
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Table 17 Auchenblae-Catterline Resource sheet : Data from ,ample points and the asaeaament of resources in Block B 

Data point Recorded thickneaa Mean grading percentage 

(aizea in mm) 

Borehole, pit , Total Depth of Intervening Fines Fine Medium Coane Fine Coarae Cobbles Descriptive 
exposure or mineral burial waste aand aand sand gravel gravel and category ( see 
resistivity bouldera the diagram 
sounding m m m - .063 .063-.25 .25-1 1- 4 4-16 16-64 +64 in Appendix C) 

DRUMLITHIE COMPLEX (Glacial sand and gravel) 

a) Eastern marginal belt 

NO 78 SE 6 3 .6+ 0.3 6 8 37 20 18 11 0 SG 
NO 78 SE 7 18.7+ 0.2 1.3 5 16 21 26 16 12 4 SG 
NO 87 NW 1 1.9 0.3 4 5 10 11 16 33 21 G 
NO 88 SW 2 20.4 2.5 18 55 22 2 2 1 trace CG 

Mean 11.1 0.9 8 21 23 15 13 14 6 SG 

b} Central moundy body 

NE 77 NE 10 1.9+ 1.8 7 7 31 26 17 12 0 SG 
NO 77 NE 15 3.2+ 0.7 14 58 24 3 1 trace 0 CS 
NO 77 SE 9 9.1 3.1 10 29 44 10 5 2 0 CPS 
NO 78 SE 10 11.3• 1.3 0 .2 20 54 24 1 1 trace 0 VCS 

Mean 6.4 1.7 13 37 30 10 6 4 0 CPS 

c) Eskera 

NO 77 NE 16 3 .9+ 0.3 4 5 12 15 18 35 11 G 
NO 77 NE 17 4.6+ 0.2 6 8 17 13 18 36 2 G 

Mean 4 .3 0.3 5 7 14 14 18 36 6 G 

d) Peripheral spreads 

Discontinuous and isolated sheets and low mounds 

NO 78 SE 4 3.1 0 .3 13 24 30 15 12 6 0 CPS 
NO 78 SE 8 5.4+ 0 .0 2 2 10 15 26 

Mean 4.3 0 .2 8 13 20 15 19 21 4 SG 

Overall mean for 7.3 0 .9 9 23 24 13 13 15 3 SG 
glacial sand and 
gravel 

THE VALLEYS OF THE BERVIE WATER AND CARRON WATER 

Alluvium (valley floor) 

NO 77 NE 7 1.8 0 .3 
NO 78 SE 2 2.0 0 .3 6 4 10 11 19 32 18 G 
NO 77 NE Rl 1.2 .. 0.2 
NO 78 SW Rl 2.1 0.1 
NO 78 SW R2 1.0 0.1 
NO 78 SE Rl 0.8 0 .1 

Mean 1.5 0.2 

Terraces (valley aide) 

NO 78 SE 1 2.5+ 0 .6 0.4 4 5 11 14 16 32 18 G 

Fluvioglacial sand and gravel 

NO 78 SE 3 1.6+ 0.4 1 6 42 43 8 0 0 PS 

Overall mean for 6.2 0.7 <0.1 6 13 22 17 14 21 7 SG 
whole block 

• including 1.7m of potentially workable flow-till 
• • incorrectly sited on the resource map; correct aite [7672 7557] 
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Statistical assessment of glacial sand and gravel resources in block B 

Area of exposed mineral 2.03 km2 

Area of concealed mineral 1.48 km2 

Area of discontinuous mineral 0.18 km2 

Area of ground worked for mineral 0.09 km2 

Total area of mineral-bearing ground 3.65 km2
• 

Mean thickness of overburden 0.9 m 
Mean thickness of mineral 7.3 m 
Estimated volume of mineral 26.6 million m3 (±59% or 15. 7 million m3i 
Estimated yield of mineral per hectare 73 thousand m3 (±50% or 43 thousand m ) 

Statistical assessment of alluvial, terrace and fluvioglacial 
deposits in the valleys of the Bervie Water and Carron Water, block B 

Area of exposed mineral 0.31 km2 

Area of discontinuous mineral 3.97 km2 

Total area of mineral-bearing ground 3.29 km2
• 

Mean thickness of overburden 0.3 m 
Mean thickness of mineral 1.6 m 
Estimated volume of mineral 5.3 million m3 (±32% or 1. 7 million m3

) 

Estimated yield of mineral per hectare 1.6 thousand m3 (±50% or 0.8 thousand m3
) 

• In the calculation of these figures, 75 per cent of the area of 
discontinuous spreads is considered to be mineral bearing. 

at or near the surface. The sand and gravel 
deposits are concentrated in an area east of 
Drumlithie [7868 8092], extending from 
Pitdrichie [7948 8254] and Keabog [8025 8280], 
in the north, to Mavisbank [7948 7742] in the 
south. These resources consist entirely of glacial 
sands and gravels and they comprise a highly 
complex sequence of deposits . To aid 
description, these sands and gravels will be 
referred to collectively as the 'Drumlithie 
Complex'. 

Minor resources of sand and gravel are found in 
the valleys of the Bervie Water and Carron 
Water. These comprise river terraces and 
floodplain deposits with some very small spreads 
of glacial and fluvioglacial sand and gravel. 

The data from the sample points is summarised 
in Table 17. 

Glacial sands and gravels of the Drumlithie 
Complex 

The deposits within the Drumlithie Complex are 
moundy for the most part, but some are 
terraced, particularly to the west of the Forthie 
Water, between Brinzieshill [7985 7920] and 
Thriepland [8061 8005]. There are also 
low-lying, undulating spreads and two eskers. 

The sand and gravel deposits can be subdivided 
into four suites, each characterised by specific 
sediment and landform assemblages and by 
location and/or spatial association. The four 
suites are defined below in order of their 
importance as resources: 

a: The eastern marginal belt: elongated mounds 
and terraces, composed mainly of sandy gravels 
that form a belt along the eastern margin of the 
Drumlithie Complex. 

b: The central moundy body: This is the central, 
moundy part of the Complex that is roughly 
circular in plan and that extends from 
Drumlithie to the Forthie Water in the south and 
east, and Pade O'France [7832 7986] in the west; 
it is mainly underlain by sand that is concealed 
beneath flow-till up to 3m thick. 

c: eskers: closely related to the deposits in 'a' 
and composed chiefly of gravels. 

d: fringing spreads: isolated, thin spreads and 
low mounds of gravel which lie to the north and 
south of the central body; they mainly occur 
about 300m south of East Kinmonth 
[7874 8147], where they flank the Drumlithie 
Burn, and between Gyratsmyre [7861 7917] and 
Brinzieshill. 

a) The eastern marginal belt . The linear mounds 
which form the belt of sand and gravel deposits 
along the eastern margin of the Drumlithie 
Complex are composed, in the main, of 
relatively clean sands and gravels, though they 
contain some thin bands of clayey silt in places. 

The sands and gravels were deposited by 
meltwaters in an ice-marginal setting as the 
ice-sheet retreated to the south-west; they fill, 
or flank drainage channels that were cut 
subglacially when ice extended over this area. 
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The dissected or fragmented character of these 
deposits indicates that both deposition and 
erosion was occurring at the same time. 

The deposits are predominantly sandy gravels, 
though the deposit around, and to the north of, 
Clearymuir [8003 8107] is a major exception. 
Here, borehole 88 SW 2 proved 20.4m of 'very 
clayey' to 'clayey' sand beneath 2.5m of cobble 
and boulder diamicton. Part of this deposit has 
been worked in a pit [7985 8146] to the 
north-west of the borehole site. Although the 
section here is degraded, the upper 4m of the 
deposit is exposed, showing I .Sm of cobble and 
boulder diamicton overlying cross-stratified 
sands with some fine gravels in the upper metre. 

The deposits vary in thickness from 2m to 22m, 
with the thickest deposits occurring in the 
north-eastern part of the Drumlithie Complex, 
between Clearymuir [8003 8107] and Pitdrichie 
(7948 8254]. The best exposure is in Pitdrichie 
gravel quarry (7988 8191 ], where piecemeal 
working has exposed some 17 .Sm of sand and 
gravel with some interbedded silt and clay. A 
trial pit dug at the base of section 78 SE 7 
proved that the sand and gravel extends at least 
2. 7 m below the base of the working face, so 
that the overall thickness of sand and gravel 
here is in excess of 18.7m (Table 17). 

Low moundy spreads of sand and gravel 
between Forest A venue [7944 8164] and Bridge 
of Fiddes [7997 8057] probably have a 
composition similar to the deposits lying between 
Thriepland and the Forthie Water where 1.9m of 
gravel was proved in borehole 87 NW I. It is 
possible that the sands and gravels in the Forest 
A venue - Bridge of Fiddes area extend in part 
under the central moundy body of the 
Drumlithie Complex (described below); sand and 
gravel may also underlie the alluvium in the 
Forthie Water. 

The mean grading for deposits of the eastern 
marginal belt, based on four sample points, is 8 
per cent fines, 59 per cent sand and 33 per cent 
gravel; the mean thickness is 11.2m. 

a) The central moundy body. The central 
moundy body of the Drumlithie Complex is a 
conspicuous feature when viewed from the A91 
and it extends over an area of about l.5km2. 

The moundy nature of the landform is due to 
the melting out of masses of ice that were 
buried beneath the sediments as they 
accumulated in standing water. This water was 
ponded . up between an ice-front that was 
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retreating to the south-west, and higher ground 
(and possibly stagnant, wasting ice) to the north, 
east and south. Sediment was deposited mainly 
from sediment-rich density flows and cohesive 
mass-flows with little winnowing out of fines . 
Subsequently, the sands and gravels of the 
central moundy body were concealed by 
flow-tills which are 3.1 m thick in borehole 
78 SE 9. 

The kettle-holes resulting from the melting of 
masses of ice trapped in the sediment are 
abundant and they affect the thickness of the 
sands and gravels locally. The large depression 
between Pade O'France [7832 7986] and Candy 
[7941 8008] was probably caused by a large mass 
of wasting ice preventing deposition of sand and 
gravel; the depression is now occupied by about 
3.5m of alluvial silt and clay which sit directly 
on lodgement till (trial pit 78 SE 5). 

Data from the four sai;nple points encountering 
mineral in the central moundy body show that 
the deposits are predominantly fine-grained sand 
and silt with some clay. The level of fines 
varies widely from a mean of 7 per cent in trial 
pit 77 NE 10 to 20 per cent in borehole 
78 SE 10. Trial pit 77 NE I O shows that gravel 
is present locally, but overall the data suggest 
that gravel is not an abundant component of the 
deposits . The mean grading is 13 per cent fines , 
77 per cent sand and I O per cent gravel; the 
mean thickness of mineral is 6.4m. It should be 
noted, however, that these values may not be 
representative, because wide variation in grading 
and thickness is to be expected. The greatest 
thickness proved is 11.3m in borehole 78 SE 10. 

c) The eskers. There are two well-defined eskers 
within the Drumlithie Complex, namely the 
Little Wairds Esker and the Bridge of Fiddes 
Esker (see glacial geomorphology inset map on 
resource sheet). The Little Wairds Esker, though 
somewhat discontinuous, extends north-
north-east from a point some 200m north-west 
of Mavisbank [7949 7748] to Little Wairds 
[7967 7857]. To the north-east of Little Wairds, 
the esker passes into low moundy spreads of 
sand and gravel. The Fiddes Esker runs 
north-north-west from [802 804] to [7990 8098], 
about 140m south-west of Clearymuir. 

The Little Wairds esker has been worked a little 
by farmers for gravel, but is still largely 
untouched. The Fiddes Esker, by contrast, has 
been worked extensively and only about one 
third of the deposit remains, mainly at the 
northern end. Because the bulk of this esker has 



been worked out, it was not sampled during the 
assessment programme. 

Sections in both eskers show the internal 
structure of the deposits. In the Fiddes Esker, 
some 7-8m of material is exposed, revealing 
massive cobble and boulder gravel passing up 
into cross-stratified and laminated finer gravel 
and coarse-grained sand. The top metre of the 
deposit is comprised of coarse gravel with some 
stratification and lenses of finer gravel with a 
sandy, clayey matrix in places. These lenses are 
probably diamictons, deposited as mass flows. 

A good section in the Little Wairds Esker occurs 
at [7968 7790] where a 2-3m face exposes 
massive to stratified clast-supported gravel, 
interbedded with finer sandy gravel and lenses 
of coarse-grained sand. Generally there is a 
sandy matrix, sometimes bound by silt and clay. 
As with the Fiddes Esker, the top 0.5m of the 
deposit comprises coarse, diamictic gravel. Trial 
pit/ section 77 NE 17 proves that the deposit is 
at least 4.8m thick, as the pit was unbottomed in 
gravels 2.6m below the base of the 2.2m section; 
the pit was terminated at the water-table. Trial 
pit/ section 77 NE 16, 280m south of Little 
Wairds, proved 4.2m of gravel (unbottomed). 
Samples from the trial pits all grade as 'gravel' 
with an overall mean of 5 per cent fines, 35 per 
cent sand and 60 per cent gravel. The mean 
proven thickness is 4.3m. 

d ) fringing spreads. These comprise thin, 
discontinuous and isolated spreads and low 
mounds; they are considered to be of minor 
importance as resources compared to those 
described above. They are not thought to be 
more than l -2m in thickness in general. 
However, Orchard Hill [7837 8066], due south of 
Drumlithie, is capped by 3.lm of 'clayey' pebbly 
sand (borehole 78 SE 4) and trial pit/section 
78 SE 8 revealed over 5.4m of very coarse 
gravels with subordinate pebbly sand in a pit 
[7899 8095] to the east of the village. The pit is 
at the western end of a 300m long, 3m high 
linear ridge that is subparallel to the Drumlithie 
Burn; this ridge may be an esker. 

Fluvioglacial sand and gravel 

Sand and gravel classified as fluvioglacial in 
origin is very limited in extent in block B. 
Three mounds are present in the extreme 
north-west of the resource sheet, around 
[706 840], near the confluences of the East and 
West Burns of Builg and the Bervie Water. 
Because of their isolation, the deposits have not 

been examined in detail. However, the largest 
mound is about 12m high and the other two a 
little over 5m high. Geological mapping 
suggests that they are composed of sands with 
some gravels. 

Another two deposits are present immediately to 
the east of Glenbervie House [7649 8035], where 
they form low, rounded, elongated mounds. The 
larger and more westerly of these stretches about 
500m and it was investigated by trial pit 
78 SE 3. This was unbottomed in 1.6m of 
medium and coarse-grained sand with a small 
amount of fine gravel. This deposit is extremely 
clean, with fines at about 1 per cent. 

Alluvial deposits in the Bervie Water 

Deposits of sand and gravel in the valley of the 
Bervie Water are limited, though in the vicinity 
of Glenbervie, isolated terraces on the flanks of 
the valley indicate that perhaps more extensive 
deposits once existed. South of Bridge of 
Mondynes [7822 7966] only patchy spreads of 
sand and gravel flank the floodplain of the 
Bervie Water. These occur east of Fordoun 
[751 758] and they are probably fluvioglacial in 
origin; because they are considered to be part of 
a series of fluvioglacial deposits extending from 
the Auchenblae area, they are described in the 
discussion of block A. Please note that these are 
incorrectly classified as glacial sand and gravel 
in the borehole log and on the graphical 
representation of the borehole log on the map. 
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To aid description, deposits in the valley of the 
Bervie Water are subdivided into those of the 
'valley-floor' and those of the 'valley-side' . 

Valley-/ loor deposits The 'valley-floor' 
deposits form the floodplain and low-lying 
alluvial fans; they are considered to be a poor 
resource and they are almost wholly 
water-saturated. Borehole and depth-resistivity 
sounding data, summarised in Table 17, show 
that the alluvium is generally less than 2m thick, 
resting on lodgement-till or flow-till. The two 
boreholes drilled in the alluvium (77 NE 7, 
78 SE 2) encountered coarse gravels, those in 
77 NE 7 being too coarse to sample. However, 
the depth-resistivity soundings indicate that the 
alluvial deposits vary widely and include clays 
and silts as well as coarse gravels. Please note 
that resistivity sounding site 77 NE Rl is 
wrongly positioned on the resource map; the 
correct site is [7672 7557]. 

The alluvial fans have not been sampled. 



However, geological mapping shows that the 
deposits forming them are very variable, ranging 
from cobble-gravel to silty, clayey sand, and 
that thicknesses range in general from I to 2m. 

Valley-side deposits The 'valley-side' deposits 
consist of the higher alluvial terraces. The 
terraces are developed between Mains of 
Delavaird [7417 8153] and Mill of Glenbervie 
[7641 8043] where they stand between 2m and 
about 6m above the floodplain. The thickest 
deposit occurs north of Auchtochter [7523 8030] 
where trial pit 78 SE I was unbottomed in 3.5m 
of coarse gravel with clasts up to 0.5m across. 
The terraces are degraded somewhat and 
probably formed fairly soon after deglaciation. 
The material forming this terrace is 
well-exposed in a river bluff above the Bervie 
Water in the vicinity of [7549 8053), where 
about 6m of somewhat silty and clayey sand and 
gravel rests on decomposed conglomerate. 
Across the valley and about IOOm to the west of 
Hawkhill, an exposure [7572 8069] in the edge 
of a terrace shows about 4m of interbedded 
clast-supported gravel and sandy gravel with 
some sand and loam. These terrace deposits rest 
upon weathered lodgement till. 

Alluvial deposits in the valley of Carron Water 

The alluvial deposits are likely to be very similar 
to those occurring in the valley of the Bervie 
Water, but less extensive. The glacial sands and 
gravels around Cuttiesouter are thought to be 
dissected kame-terraces and they consist of 
clast-supported, but poorly-sorted, angular 
gravels. 

The mean thickness of the deposits in the valleys 
of the Bervie Water and Carron Water is I .Sm. 
The mean grading is 4 per cent fines, 49 per 
cent sand and 47 per cent gravel. The grading 
characteristics of the fluvioglacial sand and 
gravel contrasts strongly with those of the 
alluvial deposits (Table 17). 

Resource block C 

Block C covers the eastern half of the 
Auchenblae - Catterline resource sheet. Its 
western margin with block B is roughly 
coincident with easting gridline 38000 and its 
eastern margin is formed by the North Sea 
coastline. In contrast to the sand and gravel 
deposits in blocks A and B, which are 
concentrated in two areas, the deposits in block 
C are more widely scattered. The block also 
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contains the greatest area of ground identified as 
contammg potentially workable deposits of 
conglomerate. Glacial sand and gravel is the 
most abundant of the Drift deposit resources; 
fluvioglacial sand and gravel and alluvial 
deposits are much less significant volumetrically. 
The resources are described below roughly in 
order of their size. The glacial, fluvioglacial 
and alluvial sand and gravel deposits are 
described first, followed by a description of the 
potentially workable conglomerate. Note is also 
made of the shingle beaches on the coast. The 
borehole pit and section data are given in Table 
18. 

Glacial and fluvioglacial sand and gravel 

Denhead - Brigstanes - Bell/ ield . The most 
extensive deposit of glacial sand and gravel 
occurs between Denhead [8650 7957] and the 
Glasslin Burn, south of Bellfield [8583 7758). 
The sand and gravel forms undulating 
topography with mounds and ridges reaching 2 
to 3 m in height, separated by shallow 
kettle-holes. The deposit was formed by 
north-eastward flowing meltwaters that 
debouched into an ice-marginal lake, forming a 
delta. Borehole 87 NE 5 proved 12.8 m of 
mineral with an overall grading classification of 
sandy gravel. However, the deposit fines 
downwards at a depth of l 0.4 m from sandy 
gravel into fine- and medium-grained sands 
interdigitating with seams of glaciolacustrine silt 
and clay up to 0. 7 m thick. A 
fining-downwards sequence also occurs at trial 
pit 87 NE I (6.4 m of mineral, unbottomed) and 
trial pit/section 87 NE 2 (6. 7 m of mineral, 
unbottomed). Trial pit/ section 87 NE 3 proved 
5.2 m of mineral with a 0.5 m waste parting 
comprising silt and fine-grained sand at a depth 
of 2.6 m. Water was struck at a depth of about 
6 m at section 87 NE 3 and at about 5 m in 
borehole 87 NE 5. 

To the east of the A92, a steep slope, interpreted 
to be a former ice-contact slope, forms the 
eastern margin of the thicker, more laterally 
extensive part of the resource. To the east of 
this slope, the sand and gravel is probably much 
thinner, discontinuous and interbedded with 
diamicton. 

Based on four sample points, the 
Denhead-Brigstanes-Bellfield deposit has an 
overall grading of 4 per cent fines, 72 per cent 
sand and 23 per cent gravel (Table 18); the 
grading classification, with a sand:gravel ratio of 
3: l, falls at the boundary between 'pebbly sand' 



Table 18Auchenblae-Catterline Resource sheet : Data from sample points and the aaaessment of resources in Block C 

Data point Recorded thickness Mean grading percentage 

(sizes in mm) 

Borehole, pit , Total Depth of Intervening Fines Fine Medium Coane Fine Coane Cobbles Descriptive 
exposure or mineral burial waste aand sand sand gravel gravel and category ( see 
resistivity boulden the diagram 
sounding m m m - .063 .063 -.25 .25-1 1- 4 4-16 16- 64 +64 in Appendix C) 

Glacial sand and gravel and fluvioglllCial sand and gravel 

D enhead - Brigatanea-Bellfield 

NO 87 NE 1 6 .4+ 0 .1 7 46 30 4 4 6 3 PS 
NO 87 NE 2 6 .7+ 0 .3 4 52 37 3 1 3 0 s 
NO 87 NE 3 5.2+ 0.5 0.5 3 8 40 8 21 18 2 SG 
NO 87 NE 5 12.8 0.1 2.0 3 13 29 16 20 18 1 SG 

Mean 7.8 0.3 0.4 4 30 33 8 12 11 2 SG 

Fernyflatt 

NO 87 NE 4 3 .7 0 .3 8 8 16 14 13 28 13 G 

Nether Craighill-Greenden 

NO 87 NW 2 3 .1+ 0.2 2 4 10 8 15 32 29 G 
NO 87 NW 3 6 .2 0.1 8 9 16 13 20 25 9 G 

Mean 4.7 0.2 5 7 13 11 17 28 19 G 

Foggiebrae- Den of Luckyfeal 

NO 88 SW 4 10.7+ 4 4 9 13 24 29 17 G 
NO 88 SW 5 6 .6+ 0 .2 3 12 24 9 12 19 21 G 
NO 88 SW 6 6 .3 2.0 6 7 34 14 18 19 2 SG 

Mean 7 .9 1.1 4 8 23 12 18 22 13 G 

Briggs of Criggie 

NO 88 SW 8 16.5 0 .3 8 34 31 8 8 10 1 PS 

Catterline 

NO 87 NE 6 9.2 2.4 17 66 17 trace trace 0 0 CS 

Brucklaywaird 

NO 88 SW 7 13.1 0.4 9 21 23 7 11 17 12 SG 

Mains of Dunnottar 

NO 88 SE 3 3.4 0 .3 21 42 11 7 8 11 0 YCPS 

East and W eat Carmant 

NO 88 SW 1 3 .8+ 0.1 12 37 20 11 10 7 3 PS 
NO 88 SW 3 3 .7+ 0.1 2 13 38 8 7 21 11 SG 

Mean 3 .8 0 .1 7 25 29 9 9 14 7 SG 

Uras Knapa 

NO 88 SE 4 2.0 0 .3 3 7 35 23 19 13 0 SG 

Mean for 7.0 0 .5 0.2 7 23 25 10 12 16 7 SG 
glacial sand and 
gravel 

Alluvial deposits 
NO 87 NE Rl 1.0 0 .1 

Overall mean 6.7 0.4 0.1 7 23 5 10 2 6 7 G 
for sand and 
gravel 

• lncludea some glacial sand and gravel and mineral bearing glaciolacuatrine deposits 

Weat hered conglomerate 

NO 88 SE 1 3.5+ 0.3 4 10 13 7 14 38 14 G 
NO 88 SE 2 3 .3+ 0 .2 3 5 12 8 13 34 25 G 
NO 88 SE X2 9 .7* 0 .3 13 13 11 15 21 15 12 G 
NO 88 SE X3 2 .7 0 .3 16 17 18 8 12 29 0 CSG 
NO 86 SE X4 5.0 1.0 30 25 21 10 8 5 1 YCPS 
NO 88 SW X2 3 .1 0 .9 8 15 24 5 30 15 3 G 
NO 88 SW X3 3 .5 1.0 3 16 17 12 14 31 7 G 

Overall mean 4.4 0.5 11 15 15 9 16 25 9 G 
for 
conglomerate 

51 



Statistical assessment of glacial and fluvioglacial sand and gravel in block C 

Area of exposed mineral 4.29 km2 

Area of discontinuous mineral 0.65 km2 

Area of worked ground 0.02 km2 

Total area of mineral-bearing ground 4.61 km2
• 

Mean thickness of overburden 0.5 m 
Mean thickness of mineral 7 .0 m 
Estimated volume of mineral 32.3 million m3 (±33% or 10.3 million m" 
Estimated yield of mineral per hectare 70 thousand m3 (±50% or 35 thousand m ) 

Statistical assessment of weathered conglomerate bedrock in block C 

Area of exposed mineral 19.53 km2 

Area of mineral-bearing ground 19.53 km2 

Estimated mean thickness of overburden 0.5m 
Estimated mean thickness of mineral 4.4m 
Estimated volume of mineral 85.9 million m3 (±54% or 46.4 million m" 
Estimated yield of mineral per hectare 44 thousand m3 (±54% or 24 thousand m ) 

Speculative assessment of alluvial deposits in block C 

Area of exposed mineral 0.30 km2 

0.54 km2 

0.03 km2 

0.86 km2 11 

0.1 m 

Area of concealed mineral 
Area of discontinuous mineral 
Total area of mineral-bearing ground 
Estimated mean thickness of overburden 
Estimated mean thickness of mineral 
Estimated volume of mineral 
Estimated yield of mineral per hectare 

1.0 m 
0.9 million m3 

0.9 thousand m3 

• In the calculation of these figures , 50 per cent of the area of discontinuous spreads is considered to 

be mineral bearing. 

and 'sandy gravel'. However, the deposit is 
likely to vary in grading, both laterally and 
vertically. It is probable that the bulk of the 
gravel occurs in the upper parts of the deposit. 
The mean proven thickness is 7 .8 m. 

Fernyflatt. This deposit occurs south of the 
Glasslin Burn, extending as far south as Temple 
(8515 7653 ]. Although mapped as glacial sand 
and gravel, the form of the topograph y and the 
nature of the deposit suggests that at least some 
of it is glacially redistributed conglomerate. In 
the absence of data suggesting otherwise, most 
of the deposit is considered to be a glacial 
outwash fan with an ice-contact feature present 
to the east. The latter is shown by a pecked 
boundary on the resource map . The deposit was 
sampled in borehole 87 NE 4. This proved 
3. 7 m of compact sand and gravel resting on 
hard conglomerate bedrock. The overall grading 
classification for the samples from the borehole 
is 'gravel' with 8 per cent fines, 38 per cent 
sand and 54 per cent gravel (Table 18). The 
deposit, however, was difficult to sample and 
the drilling technique used undoubtedly 
increased the fines content at the expense of 
gravel. 

Nether Craighill-Greenden. The resources in this 

area lie around , and to the north-east of Nether 
Craighill [8072 7746] . The largest resource 
comprises a spread of glacial sand and gravel 
forming undulating , kettled topography, with 
mounds up to 5 m high. This spread of sand 
and gravel is bisected by a glacial drainage 
channel with a fan of fluvioglacial sand and 
gravel lying at its north-eastern end. 

The glacial sand and gravel was sampled in trial 
pit 87 NW 2 and borehole 87 NW 3. The pit 
proved in excess of 3.1 m of gravel. Although 
the fines content of the samples is very low at 2 
per cent, material >64mm is abundant, forming 
29 per cent of the sample. Borehole 87 NW 3 
proved 6.2 m of gravel resting on flow-till. The 
samples grade overall as 'gravel' with a fin es 
content of 8 per cent. The deposits will vary 
widely in grading and thickness, but based on 
the two sample points, the mean grading for the 
glacial sand and gravel is 5 per cent fines , 31 
per cent sand and 65 per cent gravel; the overall 
grading classification is 'gravel' and the mean 
thickness is 4. 7 m (Table 18). The fluvioglacial 
sand and gravel at Nether Craighill was not 
sampled. Field mapping indicates 0.5 to over 
l m of very pebbly sand and sandy gravel, but 
it is probable that most of this deposit lies below 
the water-table. 
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A thin spread of sand and gravel flanks the 
Bridgend Burn at the northern end of a glacial 
meltwater channel that lies to the north-east of 
Hareden [805 784]. There are no sample points 
in this deposit, which is probably heterogeneous 
in lithology. To the south-east of Nether 
Craighill, isolated patches of sandy and gravelly 
flow-till deposits may also contain some sand 
and gravel, though the fines content is likely to 
be high. 

Foggie Brae - Den of Lucky/ea/. This is a 
complex, sinuous deposit which extends from 
the northern end of the prominent glacial 
meltwater channel, called Den of Luckyfeal 
[8167 8356], to Foggie Brae [8274 8448], and 
then eastwards towards the Seggie Burn 
[8312 8449]. The latter part of the deposit is 
dissected by several northwards-trending glacial 
meltwaters channels, including the one occupied 
by the Seggie Burn. 

At the south-western end of the deposit, the 
sand and gravel forms a kettled outwash spread 
that was probably deposited by meltwaters that 
debouched from the Den of Luckyfeal. In 
excess of 6.6 m of very dense, clast-supported 
gravel with abundant cobbles and boulders was 
proved at pit 88 SW 5. To the north-east of 
these deposits, and in the ground 150 m 
south-east of the ruin of Garbertstrypes 
[8173 8398], the deposit thins and it is 
considered to be mostly a sandy, gravelly 
diamicton. Information from a pipeline trench 
in the area shows that gravel is present in places. 

The remainder of the deposit forms a prominent 
sinuous ridge that lies between the small pit 
[8185 8409] to the north-east of Garbertstrypes 
and the Seggie Burn. The ridge probably 
formed in an ice-marginal environment as a 
recessional moraine and hence it comprises a 
greater variety of deposits than if it were an 
esker. The deposit was sampled in trial 
pit/section 88 SW 4 and borehole 88 SW 6. The 
former proved 10.7 m of mineral, unbottomed; 
the lowermost 0.2 m of the deposit being below 
the water-table, probably indicating that till is 
not far beneath the base of the pit. The samples 
grade as 'gravel'; again, cobbles and boulders are 
quite abundant at 17 per cent. Borehole 
88 SW 6 sited on Foggie Brae proved 6.3 m of 
sandy gravel beneath 2.0 m of flow-till; the 
mineral rests on lodgement till at a depth of 
8.3 m. The material here is finer grained than 
that at pit/section 88 SW 4, with +64mm 
material constituting only 2 per cent of the 
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deposit. A wide vanation in grading is likely, 
but the mean grading for this deposit, based on 
three sample points, is 4 per cent fines, 43 per 
cent sand, and 53 per cent gravel; the mean 
thickness is 7 .9 m (Table 18). 

Briggs of Criggie and the Muirtown of Barras 
Esker. These resources comprise glacial sand 
and gravel and they lie west of Briggs of Criggie 
[8426 8234]. The main part of the deposit is a 
deltaic, coarsening upwards sequence, which 
forms an undulating plateau pitted with 
kettle-holes. Fine-grained glaciolacustrine 
deposits crop out on its north-eastern margins. 
The deposit was sampled in borehole 88 SW 8, 
about 200 m south of the former Criggie Smithy. 
This proved 16.5 m of coarsening-upward glacial 
sand and gravel resting on non-mineral 
glaciolacustrine silt, flow-till and lodgement till. 
The uppermost 3.4 m of the deposit is 
unconsolidated, clean gravel. Beneath this is 
6.3 m of pebbly sand resting on 6.8 m of 
'clayey' sand. Overall, the deposit grades as 
'pebbly sand' with 8 per cent fines, 73 per cent 
sand and 19 per cent gravel (Table 18). 
However, this is based on only one sample point 
and wide variations in grading characteristics are 
to be expected within this deposit. 

Lying to the south of the plateau is the 
Muirtown of Barras Esker; this stands about 5 m 
in height and it extends for just over a 
kilometre from Muirton Wood [8358 8106] to 
Bridgend [8418 8192]. The esker was not 
sampled, but it probably comprises 
unconsolidated coarse gravel. Associated with 
this esker are three kames which form 3 to 6 m 
high ridges and mounds to the west of Bridgend 
[8411 8194]. 

Catterline. Deposits of glacial sand and gravel 
form kames around Catterline. The largest 
deposit occurs south-east of Harvieston 
[865 782], forming rolling ground immediately 
west of the gorge cut by the Catterline Burn. 
Borehole 87 NE 6 proved 9.2 m of 'clayey' sand 
beneath 2.4 m of overburden. The top 6 m of 
the sand contains much silt with fines averaging 
23 per cent; 67 per cent of the material is in the 
'fine sand' fraction. The lowermost 3.2 m is 
much less clayey, with an average of 7 per cent 
fines; gravel is present only in trace quantities. 
Geological mapping indicates that the other, 
smaller kame deposits in the vicinity are likely 
to be very similar to the deposits sampled in 
87 NE 6. The mean grading of samples from 
87 NE 6 is given in Table 18. 



Bruck/aywaird. This deposit extends southwards 
from Brucklaywaird [8257 8403] for about 
800 m. The southern half of the deposit is an 
esker standing up to 3 m high. This passes 
northwards into a plateau that is formed of a 
coarsening-upwards, deltaic sequence of glacial 
sand and gravel, and that is fringed by 
fine-grained glaciolacustrine deposits. The 
deposit was formed by northward flowing 
meltwaters that debouched into a temporary 
ice-dammed lake during the deglaciation of the 
area. The deposit was sampled in borehole 
88 SW 7; this proved 13.1 m of sand and gravel 
which graded overall as 'sandy gravel'. (Table 
18). The deposit at the borehole site comprises 
three distinct units. The top unit comprises 
5.8 m of gravel with 26 per cent of >64 mm 
material. The middle unit is made up of 5 m of 
'clayey' pebbly sand which rests on the 
lowermost unit, comprising of 2.3 m of 'clayey' 
sand. The sand and gravel rests on 3.1 m of 
glaciolacustrine deposits, which include 
interstratified flow-till, fine sandy silt and clay. 
The esker forming the southern half of the 
deposit was not sampled, but geological mapping 
indicates the presence of pebbly sand and gravel 
at its southernmost end. 

Mains of Dunnottar. The deposits occur in a 
series of kames and ridges lying adjacent to the 
coastal cliffs. The two larger deposits lie 
immediately east of Mains of Dunnottar 
[8752 8383] and are fringed to the north and east 
by fine-grained glaciolacustrine deposits. Once 
again, the deposits reveal coarsening-upward 
sequences, as shown by data from borehole 
88 SE 3, which proved 3.4 m of mineral resting 
on glaciolacustrine deposits. Although the 
overall grading is 'very clayey' pebbly sand 
(Table 18), the uppermost 1.4 m is sandy gravel. 
This rests on 2.0 m of 'very clayey' sand with a 
fines content of 30 per cent. 

East and West Carmont. Small isolated kames 
occur around West Carmont [8080 8435] and east 
of East Carmont [8143 8455]. The sand and 
gravel forms mounds up to about 10 m high. 
Trial pit 88 SW I at West Carmont was 
unbottomed in 3.8 m of mineral. The deposit 
varies from 'very clayey' sand to sandy gravel 
and it grades overall as ' clayey' pebbly sand. 
The largest of the kames at East Carmont was 
sampled in trial pit 88 SW 3. This pit was also 
unbottomed in mineral, proving 3.7 m of sandy 
gravel. The mean grading and thickness data are 
given in Table 18. 

Uras Knaps. The largest deposit hereabouts is 
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an 11 m high kame; it is fringed to the east by 
fine-grained glaciolacustrine deposits which are 
proved to extend beneath the sandy gravel in 
borehole 88 SE 4. The deposit has been worked 
in two small pits on the south- western side of 
the kame where a section shows 10 m of pebbly 
sand and sandy gravel. However, only 2 m of 
sandy gravel was proved in the borehole (Table 
18), indicating uneven, complex internal 
relationships between mineral and non-mineral 
within the deposit. Little is known about the 
two smaller deposits of glacial sand and gravel 
that lie to the south-west of Uras Knaps, but 
they are not thought to be very thick. 

Keabog. Several kames formed of glacial sand 
and gravel occur east of Kea bog [8013 8285]. 
However, the boundaries of these deposits are 
difficult to delineate and it is not known for 
certain whether all of them actually are formed 
of sand and gravel. The ambiguity is caused by 
the presence of conglomerate bedrock, which, in 
the weathered state, can easily be confused with 
glacial sand and gravel. Field mapping suggests 
that the deposits consist mainly of silty pebbly 
sand and sandy gravel. They have not been 
sampled. 

The deposits in the vicinity of Collieston 
[809 815] and four small isolated deposits around 
Clochnahill [824 825] are probably similar to 
those at Keabog. A 1.5 m thick unconsolidated 
deposit of sand and gravel, overlying a dense, 
clast-supported till derived almost wholly from 
weathered conglomerate, was worked in a small 
borrow pit [8242 8226] to the south of 
Clochnahill during the improvement of the A94 
in 1988. 

Dunnottar Square. This deposit occurs 
north-east of Dunnottar Square [8621 8468] and 
it is a continuation of the deposit mapped as 
fluvioglacial sand and gravel on the adjoining 
resource sheet to the north (Auton, Merritt and 
Ross, 1988 ); the classification on this sheet has 
been revised to glacial sand and gravel. The 
sand and gravel forms moundy topography, the 
two principal mounds being between 7 m and 
12 m high. Although the deposit was not 
sampled, data from trial pit/section 88 NE 11 in 
Auton, Merritt and Ross (I 988) indicates that it 
is likely to consist of several metres of pebbly 
sand or sandy gravel, with a low fines content. 

A site investigation borehole (88 SE X l) sited 
within the Den of Glaslaw, 1.25 km to the 
south-west of Dunnotter Square, proved 7.5 m 
of sand and gravel. 
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Fawsyde Esker. This esker forms a sinuous 4 to 
5 m high ridge extending over about 550 m to 
the north and west of Fawsyde [8460 7712]. 
Limited geological information suggests that it is 
made up of coarse gravel. The sand and gravel 
was laid down in an ice-walled tunnel by 
north-eastwardly flowing meltwaters that cut the 
Den of Ery glacial drainage channel to the 
south-west (see geomorphology map on the 
resource sheet). 

Largie. Several isolated kames occur around 
Largie [8356 7600]. The main group flank the 
Broggie Burn 500 m south-west of Largie, with 
a smaller group 300 m to the north. The 
mounds are generally about 3 m high and 
geological mapping indicates that they consist of 
silty fine-grained sand and coarse gravel. 

Pitcar/es Esker. This small 2 m to 3 m high 
esker lies 400 m to the east of Pitcarles 
(8061 7538]. Trending north-eastwards over 
some 250 m, it splits into two ridges about 
halfway along its length. Geological mapping 
shows that the esker consists of pebbly sand and 
coarse gravel, but the deposit is unlikely to be 
more than a few metres thick. 

Alluvial deposits. Apart from the alluvium of 
the River Carron along the northern margin of 
the resource sheet, the only alluvial spread 
considered to contain potentially workable sand 
and gravel occurs in a shallow, ice-scoured 
depression to the north of Mill of Barras 
[8495 7932]. The Lumgair Burn and the 
Catterline Burn have both formed alluvial fans 
at the points where they enter the depression . 
The fans are composed mainly of sand and 
gravel. The rest of the depression appears to 
contain silt overlying coarse gravel. Resistivity 
sounding 87 NE R I is interpreted as indicating 
the presence of 1.1 m of dry gravel overlying 
bedrock. The total thickness of the gravel is not 
considered to exceed 3 m and most of the 
deposit is thought to lie beneath the water-table. 
Downstream of this depression there are 
fragmentary alluvial terraces in the vicinity of 
Catterline, but they are unlikely to form 
significant resources. 

Weathered conglomerate. Potentially workable 
bedrock in the form of deeply weathered Old 
Red Sandstone conglomerate has been identified 
over a large area in block C. The largest area 
occurs in the north of the resource block, with 
smaller patches in the extreme south. The 
conglomerate resources are depicted on the 
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Auchenblae-Catterline resource sheet in a 
distinctive ornamant. Precise delineation of 
resources of workable conglomerate is not 
possible, but a zig-zag boundary has been used 
to define those areas considered most likely to 
contain potentially workable material. 

The resource has been sampled in a series of 
trial pits and this data supplements records from 
the BGS data archive. Only the resources in the 
north have been investigated in this way. 

Trial pit/section 88 SE I was dug at the base of 
a section in Lochburn Quarry [8539 8305], where 
conglomerate is worked intermittantly; it proved 
weathered conglomerate to a depth of 3.5 m 
before the deposit became too hard to dig. The 
samples grade as 'gravel' with cobbles and 
boulders being abundant, especially in the lower 
part of the section. The uppermost I to 2 m of 
the conglomerate is glacially disturbed and 
partially re-sedimented. Original bedding is 
commonly preserved, however, indicating that 
much of the rock has been weathered in situ. In 
pit 88 SE 2, 3.3 m of dense, clast-supported 
gravel was proven, but the pit was unbottomed. 
This deposit has almost certainly been glacially 
re-distributed. Again the material grades as 
'gravel', with 25 per cent of the material 
comprising cobbles and boulders. The 
supplementary data on the map (pits and 
boreholes 88 SE X2 to 88 SE X4 and 88 SW X2 
to 88 SW X3) also show that most of the 
potentially workable conglomerate is coarse 
gravel with little sand and that thicknesses reach 
6.0 m. Clasts may exceed 200 mm in diameter 
and most are well-rounded. 

A wide range of lithologies is present; some of 
these, including quartzite, psammite and some 
granite, are sound, but the deposits also contain 
a large proportion of potentially deleterious 
clasts of weathered volcanic rocks and schists. 
The sand is rich in rock fragments, many of 
which are volcanic in origin and are badly 
weathered. Many of the cobbles have been 
shattered by faulting. The conglomerate 
material described above is not a very attractive 
resource, but it is useful for bulk fill. It was 
exploited in a temporary quarry [8535 8345] as 
bottoming for the improvement of the A94 road 
in 1988. 

The mean thickness of the weathered, glacially 
re-distributed conglomerate is 4.4 m and the 
mean grading is 11 per cent fines, 39 per cent 
sand and 50 per cent gravel; the overall 



classification is 'gravel'. 

Shingle beaches. Shingle beaches are common at 
the heads of sheltered bays along the coast. 
Much of the shingle is derived from the erosion 
of the conglomerate cliffs. The clasts are 
well-rounded and consist generally of tough 
lithologies, the deleterious ones having been 
destroyed, by wave action. The beach deposits 
are well-graded with clasts from 'coarse gravel' 
to 'boulder size' . They have not been sampled 
or examined in detail. While they represent a 
potential resource, they are not considered to be 
important in terms of the overall resources of 
the sheet, principally because they are very 
coarse and because any working is likely to be 
considered undesirable environmentally. 

CONCLUSION 

Background 

The sand and gravel resources of the assessment 
area have been described systematically and the 
results of the volumetric calculations summarised 
in Table 9. The survey concerns the estimation 
of resources rather than reserves and the 
assessment of the deposits is judged solely in 
terms of the limiting physical criteria that have 
been adopted here to define potentially workable 
material. These criteria are that a deposit is at 
least one metre thick; that the ratio of 
overburden to mineral does not exceed 3: I; that 
the proportion of fines does not exceed 40 per 
cent; and that it must lie within 25 m of the 
surface. No account is taken of prevailing 
economic considerations and the quoted 
volumetric estimates bear no simple relationship 
to the amount of sand and gravel that might be 
extracted in practice. 

The assessment survey reported here has been 
undertaken essentially to provide the physical 
planner with data on the extent and character of 
the potentially workable sand and gravel 
resources lying to the south-west of Aberdeen. 
The hinterland of Aberdeen is an area identified 
by the Scottish Development Department as 
having a high priority for investigation on 
planning grounds because of the large demand 
for aggregates and the consequent land-use 
problems around this rapidly expanding city. 

The sand and gravel resources in the immediate 
vicinity of Aberdeen have been exploited for 
many years and many of them have been either 
exhausted or sterilised by buildings and 
infrastructure. Of the remaining resources, few 
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are available for extraction because they lie close 
to settlements and pipelines or they occur in 
environmentally sensitive areas . In order to 
ensure continuity of supply of sand and gravel 
to the local market, it consequently has been 
necessary to take stock of the resources lying 
farther afield, around Strachan, and between 
Auchenblae and Catterline. 

The results of surveys such as this one provide 
planning authorities with an independent, 
geologically-based assessment which is required 
to enable them to develop coherent minerals 
policies. These policies are necessary in order to 
help prevent further sterilisation of potential 
resources and to rationalise the conflicts which 
may occur between conservation and mineral 
exploitation. 

Geological mapping 

The Drift deposits of the entire area described 
in this report, 274 km2

, was re-surveyed at the 
1:10,000 scale prior to drilling and sampling. 
This mapping exercise was required because the 
primary geological survey of the area undertaken 
in the nineteenth century was not sufficiently 
detailed for the purposes of resource evaluation 
at the level of accuracy required here. The 
mapping involved a thorough walk-over survey 
(135 man days) following an initial 
interpretation of the ground using aerial 
photographs . 

Two important resources of sand and gravel 
have been delineated for the first time in the 
Strachan area, in the vicinity of Pitdelphin Wood 
[653 906] and Black Hillocks [627 863]. Neither 
of these resources were distinguished from the 
extensive spreads of morainic deposits shown on 
the maps of the primary survey. Furthermore, 
the numerous eskers and glacial meltwater 
channels occurring on both sheets have been 
located accurately for the first time. This 
geomorphological information has been 
summarised in the inset maps on the two 
resource sheets. Whereas more sand and gravel 
has been located on the Strachan sheet than was 
mapped hitherto, less has been found on the 
Auchenblae-Catterline sheet. The latter has 
resulted partly from the separate identification 
in the modern survey of the deposits of 
weathered and ice-transported conglomerate. 
Some of this material was shown as glacial sand 
and gravel on the published one-inch 
solid-and-drift edition of sheet 67 . When the 
sand , gravel and conglomerate is taken together, 
however, there is also more mineral-bearing 
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ground on the Auchenblae-Catterline sheet than 
anticipated before. 

Method of investigation 

Patchy, heterogeneous deposits of sand and 
gravel, such as that occur in the study area, are 
more difficult and costly to assess than 
widespread deposits. As far as possible pits 
have been dug to extend nearby sections, in 
order to avoid drilling expensive boreholes. This 
has been particularly successful throughout 
north-east Scotland where deposits are generally 
thin. Pits and sections have the added advantage 
over boreholes (apart from time and cost) in 
allowing close inspection of sedimentary 
structures within the drift deposits; pits cannot, 
however, reach far below the water-table. 

Following the successful application of the 
Offset-Wenner method of ground resistivity 
sounding (see Appendix D) to the assessment of 
sand and gravel resources in the previous survey 
west of Aberdeen (Auton, Merritt and Ross, 
1988 ), the method was used again here to 
provide site specific information akin to drilling 
results . The method is especially useful for 
estimating the total thickness of sand and gravel 
at sites (mainly pits) where the mineral deposit 
has not been bottomed, where drilling has to be 
abandoned owing to slow progress, and at sites 
where access is physically or otherwise difficult. 
The main disadvantages of ground resistivity (or 
any geophysical method) are, firstly, that its 
success is entirely dependent on the skill and 
prior knowledge of the interpreter, which is 
based largely on good borehole control and, 
secondly, that it cannot provide samples of sand 
and gravel for laboratory analysis. Furthermore, 
although initially quick on the ground, the 
interpretation of the results of the soundings is 
time-consuming; it also requires sophisticated 
computer back-up. In conclusion, ground 
resistivity has been proved again to be a 
valuable additional tool, allowing improved 
interpolation between sample points and some 
decrease in the total number of boreholes 
required. The method is not, however, a 
complete substitute for drilling. 

Resources 

Factors that govern the attractiveness of a sand 
and gravel deposit for exploitation (leaving aside 
the environmental and economic factors which 
are outwith the remit of this report), include 
deposit grade, deposit thickness, overburden 
thickness and gravel quality. However, because 

it is customary not to permit the dredging of 
wet deposits in Scotland, a most important factor 
governing the future development of sand and 
gravel resources in the area is the disposition of 
the material relative to the water-table. 

Relation to the water-table 

As far as possible, resources have been divid ed, 
for the purposes of assessment, into those lying 
mainly above and those lying mainly below the 
water-table and they are described in respect to 
their position relative to the water-table in the 
detailed notes on the resource blocks. 
Water-saturated sand and gravel deposits mainly 
underlie river floodplains, but they also underlie 
many of the low-lying spreads of peat and 
alluvium. 

Grade and thickness 

The terraced deposits are perhaps the most 
attractive type of resource of coarse aggregate as 
they are relatively consistent in terms of 
thickness, grading and lateral continuity. Apart 
from kettle-hole infills, overburden is generally 
thin. The moundy deposits are more numerous, 
but they tend to be more variable in thickness 
and grading over short distances; they also 
incorporate waste (silt , clay and clayey 
diamicton) in amounts that are very difficult to 
predict and which will require a great deal of 
site investigation to delimit in detail. On the 
other hand, moundy deposits may be much 
thicker than the average terrace deposit; they 
also tend to be more available to exploitation 
because they often form land of quite low 
agricultural potential that might be significantly 
improved by levelling. Furthermore, because 
the moundy deposits are more variable in 
grading, they have a potential for producing a 
wider range of aggregates. Indeed, most of the 
resources of fine to medium-grained sand in 
north-east Scotland form mounds. 

Composition and end uses 

The results of the limited number of 
pebble-counts and mechanical and physical tests 
that were undertaken have been given in Tables 
6, 7 and 8. On the whole, the gravels in the 
Strachan assessment area should be suitable for 
most purposes, provided that an appropriate 
form of processing is used and the petrography 
and soundness of the material is duly taken into 
account in the choice of end-use. Granite is the 
most common constituent of the gravel and the 
sand is formed mainly of comminuted granite 
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(quartz, feldspar and a little mica). 

Psammite, quartzite and indurated sandstone are 
collectively the most abundant constituents of 
the gravels in the Auchenblae-Catterline area. 
Whilst these rock-types are potentially stronger 
and more durable than granite, the relatively 
large proportion of mudstone, friable sandstone 
and weathered lava occurring in these aggregates 
is a major drawback. The presence of these 
rock-types restricts the range of end-uses to 
which the gravels are suited and hence it 
seriously reduces their potential value. The 
sands occurring in the Auchenblae-Catterline 
area are composed mostly of quartz with little or 
no mudstone or weathered lava; hence their 
potential end-uses are not so restricted. The 
sands are, however, often very silty and 
micaceous and they consequently need to be 
washed thoroughly before they are suitable for 
most value-added applications. 

There are large resources of weathered and 
ice-transported conglomerate in the 
Auchenblae-Catterline area, but the large 
proportion of cobbles and boulders , the common 
absence of sand, and the abundance of deeply 
weathered clasts in these deposits, seriously 
diminishes their potential. The material is 
useful for bulk fill, and for making unmetalled 
roads. 

Selection of resource targets 

Many of the resources identified on the 
accompanying maps and described in this report 
will repay further, more detailed, investigation 
by the industry as potential reserves for future 
exploitation. Selecting targets is difficult as 
there are many variables to consider and, with 
the still limited amounts of data available, 
judgements cannot be wholly objective, but 
some of the more noteworthy resources are listed 
below. 
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Strachan sheet 

The largest resources of sand and gravel occur 
within block B (see Table 9), especially block 
B2, but apart from isolated mounds and ridges, 
most of the mineral lies below the water-table. 
More attractive resources occur in the form of 
kame-terraces around Pitdelphin Wood in block 
C and Cammie Wood, in block D, but the 
presence of kettle-holes reduces the reserves that 
might otherwise have been present. An 
attractive, but geographically remote resource 
occurs in the vicinity of Black Hillocks in the 
south-west of block F. Pockets of weathered, 
disaggregated granite bedrock occur widely. 
This material has been used successfully for 
bedding pipelines and for making unmetalled 
tracks, but the degree of weathering of the 
material is very variable and it has not been 
possible to delineate such resources in detail. 

Auchenblae-Catterline sheet 

The most attractive resources of gravel occur in 
the vicinity of Auchenblae, in block A, and 
between Denhead, Brigstanes and Bellfield, in 
block C. These deposits contain comparatively 
little mudstone and weathered lava compared 
with other gravels in the area, but even the 
presence of small amounts of these potentially 
deleterious rock-types can reduce their value. 
Large resources of glacial sand occur in block B, 
between Drumlithie, Pitdrichie and the Forthie 
Water; smaller, more isolated resources occur in 
block C, most notable at Criggie. 

The sands occurring in the 
Auchenblae- Catterline area are generally finer 
in grain-size than the granitic sands of the 
Strachan sheet, and consequently they have a 
better potential for use in asphalt, and in 
building and mortaring. 
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GLOSSARY• 

DIAMICTON. A sedimentary deposit 
(irrespective of origin) characterised by a lack of 
sorting; commonly a mixture of clay, sand and 
angular boulders 

ENGLACIAL. Formed within a glacier or 
ice-sheet 

ESKER. A sinuous steep-sided ridge of 
irregularly stratified sand and gravel originally 
deposited by a subglacial or englacial meltwater 
stream. A beaded-esker is an esker with 
numerous bulges and swellings (commonly 
representing fans and deltas) along its length 

FLOW-TILL. A supraglacial till that is 
modified and transported by plastic mass flow; it 
forms thin, discontinuous sheets overlying 
lodgement till, sand and gravel or bedrock 

FLUVIOGLACIAL (GLACIOFLUVIAL). 
Pertaining to meltwater streams flowing from (or 
beyond) the margins of wasting ice-sheets and 
glaciers; especially applied to deposits and 
landforms produced by such streams 

FLUVIOGLACIAL SAND AND GRAVEL. 
Characteristically moderately well sorted and 
bedded sand and gravel, often forming 
flat-topped mounds and terraces 

FLUVIAL. Pertaining to river action 

GLACIAL. Pertaining to the action of glacier 
ice or ice-sheets. Glacial material is produced, 
deposited by, or derived directly from such ice 

GLACIAL SAND AND GRAVEL. 
Characteristically heterogeneous, poorly sorted 
and unstratified sand and gravel, deposited in 
contact with glacier ice or an ice-sheet; often 
forming steep ridges or hummocky topography 

GLACIOLACUSTRINE. Pertaining to 
deposition in temporary lakes bordering a glacier 
or ice-sheet 

INTERST ADIAL. A warmer climatic episode 
within a glaciation during which a secondary 
recession, or still-stand, of glaciers took place 

INTERFL UVE. The ground between two 
adjacent river or stream valleys 

INTERGLACIAL. A period of relatively warm 



climate between two periods of glaciation 

KAME. A mound or lenticular ridge of 
stratified sand and gravel, deposited as a fan or 
delta, at the margin of a glacier or ice-sheet by 
a subglacial or englacial stream, 

KAME-TERRACE. Stratified fluvioglacial sand 
and gravel, laid down from meltwater flowing 
between a melting glacier or stagnant ice-lobe 
and a valley side or lateral moraine, and left 
standing as a flat-topped terrace after the 
disappearance of the ice 

KETTLE-HOLE. A steep-sided depression in a 
glacial or fluvioglacial deposit, formed by the 
melting of a large detached block of stagnant 
ice, that was partly or wholly buried in the 
deposit 

LATERAL MORAINE. A morainic ridge 
deposited at the side of a valley glacier 

LODGEMENT TILL. A poorly-sorted, 
compact, fissile till (often clay-rich), laid down 
beneath an active ice-sheet or glacier; it forms 
extensive, undulating sheets covering the 
bedrock on most of the low ground 

MASS WASTING. A general term for the 
dislodgement and downslope transport of soil 
and rock material under the force of gravity 

MELT -OUT TILL. Till derived from the slow 
melting of a thick mass of debris-rich stagnant 
ice, buried beneath sufficient overburden to 
inhibit deformation under gravity; it forms, 
irregular lenses overlying lodgement till and sand 
and gravel locally 

MORAINE. A mound or ridge of poorly sorted 
unstratified glacial debris, deposited in contact 
with the margins of a glacier or ice-sheet 
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PERIGLACIAL. Pertaining to the processes, 
areas, climate and topographic features at the 
margins of areas covered by glaciers and 
ice-sheets 

PROGRADE. To build forward or outward into 
a body of water 

PSAMMITE. A metamorphosed sandstone 

SOLIFLUCTION. The slow, viscous, downslope 
flow of waterlogged soil and other 
unconsolidated superficial material. Common in 
regions underlain by frozen ground 

SUBGLACIAL. Formed, or accumulated in, at 
the base of a glacier or ice-sheet 

SUPRAGLACIAL. Formed, or accumulated on 
top of a glacier or ice-sheet 

ST ADIAL. A climatic episode within a 
glaciation, during which a secondary advance of 
glaciers took place 

TERMINAL MORAINE. Morainic ridge 
deposited in front of a valley glacier at its 
maximum extent 

TILL. Dominantly unsorted and unstratified 
glacial diamicton, consisting of a heterogeneous 
mixture of clay, silt, sand and gravel, and 
boulders; typically occurs as laterally extensive 
sheets of variable thickness 

• A comprehensive glossary of geological terms is 
given in Bates and Jackson ( 1987) 



APPENDIX A 
FIELD AND LABORATORY PROCEDURE 

Earlier studies of the laterally extensive glacial 
deposits of East Anglia and Essex showed that 
an absolute minimum of five sample points 
evenly distributed across a deposit of sand and 
gravel are needed to provide a worthwhile 
statistical assessment, but that, where possible, 
there should not be less than ten. In the present 
area of study, as elsewhere in northern Britain, 
the glacial deposits are patchy and 
heterogeneous; it is not always possible to 
provide as many as ten sample points in such 
discontinuous deposits. Sample points are any 
points for which adequate information exists 
about the nature and thickness of the deposit 
and may include boreholes other than those 
drilled during the survey, together with trial pits 
and exposures. In particular, the cooperation of 
sand and gravel operators ensures that boreholes 
are not drilled where reliable information is 
already available; although this information may 
be used in the calculations, it is held 
confidentially by BGS and cannot be disclosed 
without the permission of the company or 
person concerned. 

The mineral shown on each l :25 OOO sheet is 
divided into resource blocks. The arbitrary size 
selected is a compromise to meet the aims of the 
survey by providing sufficient sample points in 
each block. As far as possible the block 
boundaries are determined by geological 
boundaries so that , for example, glacial and 
terraced river gravels are separated. Otherwise 
the division is by arbitrary lines, which may 
bear no simple relationship to the geology. The 
blocks are drawn provisionally before sampling 
begins. 

A reconnaissance of the ground is carried out to 
record any exposures and enquiries are made to 
ascertain what borehole information is available. 
Borehole and trial pit sites are then selected to 
provide as even a pattern of sample points as is 
practicable at a density of approximately one per 
square kilometre. However, because broad 
trends are independently overlain by smaller 
scale, characteristically random variations, it is 
not been found necessary to adhere strictly to a 
square grid pattern. Thus such factors as ease of 
access, the need to minimise disturbance to land 
and to the public are also taken into account in 
siting the holes; at the same time, it is necessary 
to guard against the possibility that ease of 
access (th.;it is, the positions of roads and farms) 
may reflect particular geological conditions 
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which may bias the sampling results. 

The drilling machine employed should be 
capable of providing a continuous series of 
samples representative of all unconsolidated 
deposits, so that the in-situ grading can be 
determined, if necessary, to a depth of 30m 
beneath different types of overburden. The 
drilling machine should be reliable, quiet, 
mobile and relatively small (so that it can be 
moved to sites of difficult access). Shell and 
auger rigs have proved to be almost ideal. 

The rigs were modified to enable deposits above 
the water-table to be drilled 'dry', (instead of 
with water added to facilitate the drilling), in 
order to minimise the amount of material drawn 
in from outside the limits of the hole. The 
samples thus obtained are representative of the 
in-situ grading, and satisfy one of the most 
important aims of the survey. Below the 
water-table the rigs are used conventionally, 
although this results in the loss of some of the 
fines fraction . The pumping action of the bailer 
tends to draw material into the hole from the 
sides and the bottom, but care is taken to 
discard, as far as possible, this unwanted 
material. 

Thin spreads of sand and gravel are sampled by 
means of shallow trial pits. 

A continuous series of bulk samples was taken 
throughout the sand and gravel. Ideally, samples 
were composed exclusively of the whole of the 
material encountered in the borehole or pit, 
between stated depths. A new sample was 
commenced whenever there is an appreciable 
lithological change within the sand and gravel, 
or at every Im depth. The samples, each 
weighing between 25 and 45kg, are despatched 
in heavy duty polythene bags to a laboratory for 
grading. The results are reported as cumulative 
particle size distribution curves, examples of 
which are shown in Figure 6. The grading 
procedure is based on British Standard 1377 
(1975). Random checks on the accuracy of the 
grading are made by BGS staff. 

In the current survey, additional data on the 
thickness and extent of the mineral deposits 
have been obtained in some areas by 
measurements of ground resistivity following the 
methods outlined in Clarke and others ( 1982). 
The methods employed and the results obtained 
are discussed in more detail in Appendix D. 

All data were coded up for analysis by 
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computer. Abbreviated logs of assessment 
boreholes, trial pits and measured sections 
together with grading data are reproduced in 
Appendix F. Resistivity sounding measurements 
together with interpreted geological logs are 
presented in Appendix H. 

Detailed records may be consulted on application 
to the Manager, Highlands and Islands Group, 
Murchison House, West Mains Road, Edinburgh 
EH9 3LA. 

APPENDIX B 
STATISTICAL PROCEDURES 

Statistical assessment 

1. A statistical assessment can be made if there 
is a minimum of five evenly spaced sample 
points in the resource block (for smaller areas 
see paragraph 12 below). 

2. The simple methods used in the calculations 
are consistent with the amount of data provided 
by the survey (Hull, 1981 ). Conventional 
symmetrical confidence limits are calculated for 
the 95 per cent probability level; that is, there is 
a 5 per cent or one in twenty chance of a result 
falling outside the stated limits. 

3. The volume estimate (V) for the mineral in a 
given block is the product of the two variables, 
the sampled area (A) and the mean thickness dm 
calculated from the individual thicknesses at the 
sample points. The standard deviations (S) for 
these variables are related such that 

[l] 
m 

4 The above relationship may be transposed such 
that 

X (I X SA2/S;r 2t [2] 
m 

From this it can be seen that as SA 2 /S'if 2 tends to 
0 whereas Sy tends to Sa-

m 

If, therefore, the standard deviation for area is 
small with respect to that for mean thickness, 
the standard deviation for volume approximates 
to that for mean thickness. 

5 Given that the number of approximately 
evenly spaced sample points in the sampled area 
is n, with mineral thickness measurements 

dm' dm ... dm' 
1 2 n 

then the best estimate of mean thickness, dm, is 
given by 
:E (dm + dm .. . dm )/n . 

1 2 n 

For groups of closely spaced boreholes a 
discretionary weighting factor may be applied to 
avoid bias (see note on weighting below). The 
standard deviation for mean thickness Sdm 
expressed as a proportion of the mean thickness, 
is given by 

S;r = (lfcr )[:E(d - d )2/(n-1))1. 
m m m m 

where dm is any value in the series dm to dm . 
1 n 

6 The mineral- bearing areas in each resource 
block are coloured pink on the map. Wherever 
possible, calculations relate to the mineral within 
mapped geological boundaries (which may not 
necessarily correspond to the limits of deposit). 
Where the area is not defined by a mapped 
boundary, that is, where the boundary is 
inferred, a distinctive symbol is used. 

Experience suggests that the errors in 
determining area are usually small relative to 
those in thickness. The relationship SA/ Sa :5 1 /3 
is assumed in all cases. m 

It follows from equation [2] that 

S;r :5 Sy :5 l .05S;r 
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m m 

7 The limits on the estimate of mean thickness 
of mineral, LcL,, may be expressed 
in absolute units ± (t/ n1)Sa or as a percentage 

m 

±(t/ni)S;r (100/cr) per cent, where t is Student's 
m m 

t at the 95 per cent probability level for (n-1) 
degrees of freedom, evaluated by reference to 
statistical tables. (In applying Student's t it is 
assumed that the measurements are distributed 
normally). 

8 Values of t at the 95 per cent probability level 
for values of n up to 20 are as follows: 



Assessment details 

Area 
Block: 
Mineral: 

Mean thickness 
Overburden: 
Mineral: 

Volume 
Overburden: 
Mineral: 

ll.08km 2 

8.32 km 2 

2.5 m 
6.5 m 

21 million m' 
54 million m' 

Confidence limits of the estimate of mineral volume at 
the 95 per cent probability level: .::. 20 per cent 

That is, the volume of mineral (with 95 per cent 
probability): 54.::. 11 million m' 

Calculation of mean thickness 

Sample Weight- Overburden Mineral Remarks 
point ing w 

lo w!0 lm wlm 
---------

SE 14 1 1.5 1.5 9.4 9.4 
SE 18 1 3.3 3.3 5.8 5.8 
SE 20 1 nil 6.9 6.9 
SE 22 1 0.7 0.7 6.4 6.4 BGS 
SE 23 1 6.2 6.2 4.1 4.1 boreholes 
SE 24 1 4.3 4.3 6.4 6.4 

SE 17 I ;:~}1.6 :::}1.2 l 

123/ 45 i Hydrogeology 
Unit record 

I 
1 1' 'J ''} Close group 
2 I t! 2.6 ~:~ 5.8 

of four 1' 

3 I boreholes ' 4 I 2.8 5.9 (corn merciall ' 
Totals Ew= 8 l: w!0 = 20 .2 Ew!m = 52.0 
Means W! 0 = 2.5 wlm = 6.5 

Example of fictitious 
resource block 
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64 

0 2 k1lomerres 

SE24 

0 
4.3 
64 

0 

BG S borehole 

OM~erbu,rden} Thickness in metres 
mera 

Other boreholes 

--- Boundary of resource block 

----- Boundary of sand and gravel deposit 

Calculation of confidence limits 

Wlm I (wlm - wlm) I (wlm - w!ml' 

9.4 2.9 8.-11 
5.8 0.7 0..19 
6.9 0.4 0.16 
6.4 0.1 0.01 
4.1 2.4 5.76 
6.4 0.1 0.01 
7.2 0.7 0.49 
5.8 0.7 0.49 

l:( w!m - w!ml' = 15.82 

n=8 
t = 2.365 

L Vis calculated as 

1.05 (t/ w!ml I[ l:( w!m - w!ml 2 
/ n (n - l)] x 100 

= 1.05 x (2.365/ 6.5) I [15.82/ (8 x 7)] x 100 

= 20.3 

:: 20 per cent. 

Figure 7. Example of a statistical assessment of a fictitious resource block 
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n t n t 

1 infinity 11 2.228 
2 12.706 12 2.201 
3 4.303 13 2.179 
4 3.182 14 2.160 
5 2.776 15 2.145 
6 2.571 16 2.131 
7 2.447 17 2.120 
8 2.365 18 2.110 
9 2.306 19 2.101 
10 2.262 20 2.093 

(from Table 12, Biometrika Tables for 
Statisticians, Volume 1, Second Edition, 
Cambridge University Press, 1962). When n is 
greater than 20, 1.96 is used (the value of t 
when n is infinity). 

9 In calculating confidence limits for volume, 
Ly, the following inequality corresponding to 
equation [3] is applied: 

L;r :sLv :s l .05La-
m m 

10 In summary, for values of n between 5 and 
20, Ly is calculated as 

and when n is greater than 20, as 

[(1.05 X 1.96)/dm] X [I:(dm-dm}2/n(n-1}]1 X 100 
(weighting factors may be included: see 
paragraph 15). 

11 The application of this procedure to a 
fictitious area is illustrated in Figure 7. 

Inferred assessment 
12 If the sampled area of mineral in a resource 
block contains less than five sample points, an 
assessment is in/ erred. The volume of mineral is 
calculated as the product of the area, measured 
from field data, and the estimated thickness. 
Confidence limits are not calculated. 

Speculative assessment 
13 In some cases a resource block may include 
deposits for which little information is available 
or it may include an area within which mineral 
(as defined) is interpreted to be patchy or 
generally absent. If there is reason to believe 
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that some mineral may be present, a speculative 
assessment may be made. 

14 Note on weighting. The thickness of a 
deposit at any point may be governed solely by 
the position of the point in relation to a broad 
trend. However, most sand and gravel deposits 
also exhibit a random pattern of local, and 
sometimes considerable, variation in thickness. 
Thus the distribution of sample points need be 
only approximately regular and in estimating the 
mean thickness only simple weighting is 
necessary. In practice, equal weighting can 
often be applied to thicknesses at all sample 
points. If, however, there is a distinctly unequal 
distribution of points, bias is avoided by 
dividing the sampled area into broad zones, to 
each of which a value roughly proportional to its 
area is assigned. The value is then shared 
between the data points within the zone as the 
weighting factor. 

APPENDIX C 
CLASSIFICATION AND DESCRIPTION OF 
SAND AND GRAVEL 

For the purposes of assessing resources of sand 
and gravel a classification should take account of 
economically important characteristics of the 
deposits, in particular the absolute content of 
fines and the ratio of sand to gravel. 

The terminology commonly used by geologists 
when describing sedimentary rocks (Wentworth, 
1922) is not entirely satisfactory for this 
purpose. For example, Wentworth proposed that 
a deposit should be described as a 'gravelly sand' 
when it contains more sand than gravel and 
there is at least 10 per cent of gravel, provided 
that there is less than 10 per cent of material 
finer than sand (less than 0.063 mm) and coarser 
than pebbles (more than 64 mm in diameter). 
Because deposits containing more than 10 per 
cent fines are not embraced by this system a 
modified binary classification based on Willman 
(1942) has been adopted here. The twelve 
descriptive categories that result from this 
modified scheme are shown in Figure 8. 

When the fines content exceeds 40 per cent the 
material is not considered to be potentially 
workable and falls outwith the definition of 
mineral. Deposits which contain 40 per cent 
fines or less are classified primarily on the ratio 
of sand to gravel. For example, the boundaries 
between sand, pebbly sand, sandy gravel and 
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Figure 8. Diagram showing the descriptive categories used in the classification of sand and 
gravel 

Table 19. Classification of gravel , sand and fines 

Size limits 

256 mm 

64 mm 

16 mm 

4 mm 

l mm 

0.25 mm 

0.063 mm 

Grain-size 
description 

Boulder 

Cobble 

Pebble 

Sand 

Fines 
(sil t and clay) 

Qualification 

Coarse 

Fine 

Coarse 

Medium 

Fine 
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Gravel 

Sand 

Fines 

Primary 
classi fic:i tion 



gravel are drawn at sand to gravel ratios of 19: I, 
3: I and I: I respectively. This primary 
classification is qualified in the light of the fines 
content, as follows: less than 10 per cent fines -
no qualification; I O to 20 per · cent fines -
'clayey'; 20 to 40 per cent fines - 'very clayey'. 

The term 'clay' (as written, with single quote 
marks) is used to describe all material passing 
0.063 mm. Thus, it has no mineralogical 
significance and includes particles falling within 
the size range of silt (0.063mm to 0.0039mm) 
and clay (less than 0.0039mm). The normal 
meaning of the term clay applies where it does 
not appear in single quotation marks. 

The procedure to classify mineral into one of 
the twelve descriptive categories shown in 
Figure 8 is thus as follows: 

I Classify according to ratio of sand to gravel. 
2 Classify according to fines content 

For example, a deposit grading 32 per cent 
gravel, 59 per cent sand and 19 per cent fines is 
classified as 'clayey' sandy gravel. This short 
description is included in the borehole log (see 
Note 11, Appendi'x E). 

Many differing proposals exist for the 
classification of the grain size of sediments 
(Atterberg, 1905; Udden, 1914; Wentworth, 
1922, 1935; Allen, 1936; Twenhofel, 1937; Lane 
and others, 1974). As Archer (I970a,b) has 
emphasised, there is a pressing need for a simple 
metric scale acceptable to both scientific and 
engineering interests, for which the class limit 
sizes correspond closely with certain marked 
changes in the natural properties of mineral 
particles. For example, there is an important 
change in the degree of cohesion between 
particles at about the 0.063 mm size, which 
approximates to the generally accepted boundary 
between silt and sand. These and other 
requirements are met by a system based on 
Udden's geometric scale and a simplified form 
of Wentworth's terminology, which is used in 
this report (Table 19). 

The fairly wide intervals in the scale are 
consistent with the general level of accuracy of 
the quantitative assessments of the resource 
blocks. Three sizes of sand are recognised, fine 
(0.063-0.25mm), medium (0.25 mm- I mm) and 
coarse (l-4 mm). The boundary at 16 mm 
distinguishes a range of finer gravel (from 4 mm 
to 16 mm), often characterised by abundance of 
worn, tough pebbles of vein-quartz, from larger 
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pebbles, often of notably different materials. 
Boundaries at 64 mm and 256 mm distinguish 
pebbles from cobbles and cobbles from boulders 
respectively. The term 'gravel' is used loosely to 
denote both pebble-sized and cobble-sized 
material. 

The size distribution of borehole samples is 
determined by sieve analysis (British Standard 
1377: 1975), which is presented by the laboratory 
as logarithmic cumulative curves. In this report 
the grading is tabulated in the assessment 
records (Appendix F), the intercepts 
corresponding with the simple geometric scale 
0.063 mm, 0.25 mm, I mm, 4 mm, 16 mm and 
so on, as required. All of the original sample 
grading curves are kept in the BGS archives and 
they may be seen on request. 

Each bulk sample is described, subjectively, by 
a geologist at the borehole site. Being based on 
visual examination, the initial description of the 
grading is inexact, the accuracy depending on 
the experience of the observer. The descriptions 
recorded are modified, as necessary, when the 
laboratory results become available. 

The relative proportions of the rock types 
present in the gravel fraction are indicated by 
the use of the words 'and' or 'with'. For 
example, 'gab bro and schist' indicates 
approximately equal proportions of each rock 
type with neither constituent accounting for less 
than about 25 per cent of the whole; 'gabbro 
with schist' indicates that gabbro is dominant 
and schist, the principal accessory rock type, 
comprises 5 to 25 per cent of the whole. Where 
the accessory material accounts for less than 5 
per cent of the whole, but is still readily 
apparent, the phrase 'with some' has been used. 
Minor constituents are referred to as 'rare' or as 
'trace'. 

The terms used in the field to describe the 
degree of rounding of particles are concerned 
with the sharpness of the edges and corners of 
clasts and not their shape (Pettijohn, 197 5 ). 
They are as follows: 

Angular: showing little or no evidence of wear; 
sharp edges and corners. 

Subangular: showing definite effects of wear. 
Fragments still have their original form but 
edges and corners begin to be rounded off. 



Subrounded: showing considerable wear. The 
edges and corners are rounded off to smooth 
curves. Original grain shape is still distinct. 

Rounded: original faces completely destroyed, 
but some comparatively flat surfaces may still 
remain. All original edges and corners have 
been smoothed off to rather broad curves. 
Original shape is still apparent. 

Well-rounded: no original faces, edges or corners 
left. The entire surface consists of broad curves; 
flat areas are absent. The original shape is 
suggested by the present form of the grain. 

APPENDIX D 
GEOPHYSICAL INVESTIGATIONS 

Resistivity survey 

In order to evaluate various techniques for the 
assessment of scattered sand and gravel deposits, 
the former Industrial Minerals Assessment Unit 
of the Institute of Geological Sciences (now 
British Geological Survey, BGS), conducted a 
feasibility study in the Redditch-Solihull area of 
the English Midlands during 1981 (Clarke and 
others, 1982). The new techniques that were 
investigated included various drilling, 
geophysical and remote sensing methods. It 
become apparent that drilling boreholes using 
shell and auger drilling rigs in the manner of 
previous sand and gravel assessments remained 
the best method of obtaining reliable data on the 
thickness and composition of concealed deposits 
of sand and gravel. Of the geophysical methods 
investigated ground resistivity surveying, and, in 
particular, the Offset Wenner sounding system 
was found to be the most effective. This 
method has subsequently been used successfully 
to supplement the data obtained from shell and 
auger drilling in the assessment of sand and 
gravel resources in other parts of England. 

Ground resistivity measurements have also 
proved useful in extrapolating the thickness and 
extend of sand and gravel deposits between the 
sites of assessment boreholes and trial pits in 
north-east Scotland, where the deposits are 
generally small (but sometimes thick) and 
scattered. Soundings made, with the Offset 
Wenner array have been used in previous sand 
and gravel surveys around Aberdeen (Auton, 
Merritt and Ross, 1988) and have also been used 
during this assessment of the Strachan and 
A uchen blae-Catterline areas. 

Theory and methods 

Resistivity is defined as the resistance to 
electrical flow of a volume of ground of unit 
length and unit cross-sectional area. Apparent 
resistivity (measured in ohm.metres, ohm.m) is a 
weighted combination of the resistivities of 
sub-surface layers, and it is obtained by passing 
a current (I) between two current electrodes (Cl 
and C2) and measuring the potential difference 
(~ V) between two potential electrodes (PI and 
P2). By changing the positions of the electrodes 
systematically for a particular configuration, a 
series of apparent resistivity readings may be 
obtained in order to resolve the sub-surface 
layering. For the Wenner electrode 
configuration, (Figure 9a) the apparent 
resistivity (pa) is given by:-

p=21r a~ V / I 

where (a) is the electrode separation. 
I 

J P,~P, t, 
-a a a---1 

a. Wenner 

2 3 4 5 electrodes 

C1 P, P2 C2 RA 
C 
.!? 

C1 C2 ;;; P1 P2 R9 
:i 
Cl 

i c, P1 C2 P2 Re 
0 
<.> 

C1 P1 

C1 

C2 
Ro} RD 

P2 C2 Ro2 P1 
measured 
resistance 

b. Offset Wenner (five electrode array) 

Figure 9. Example of the Wenner and Offset 
Wenner five electrode array 

At all of the ground resistivity sites in the 
present survey, the Off set Wenner sounding 
system was used, in conjunction with a 
measuring instrument (in this case an ABEM 
Terrameter SAS 300) which incorporated a signal 
averaging system for improved accuracy of the 
results and a digital read-out of the measured 
resistances. The Offset Wenner system was 
designed for operation with two multi-core 
cables containing metal connections for each of 
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the electrode positions, which feed back to a 
central switching box. This technique uses a 
central electrode in addition to the conventional 
Wenner array electrode positions. The distance 
of each pair of electrodes (from the central 
electrode} doubles for succeeding sets of 
measurements. This can be seen in Figure 9b, 
where for the first set of readings (RA), 
electrode 3 is the central electrode, numbers 2 
and 4 are the pair of potential electrodes (both 
0.5m from electrode 3); numbers 1 and 5 are the 
pair of current electrodes (both 1 m away from 
electrode 3). In the present study, a maximum 
of nine pairs of electrodes were used, the 
farthest pair of electrodes being spaced 128m 
either side of the central electrode (giving a total 
array length of 256m). 

The depth of investigation of an electrode 
configuration can be considered as a depth 
below which there is little contribution to the 
measured signal; for homogeneous ground using 
the Wenner electrode configuration. This has 
been evaluated as 0.11 D, where D is the distance 
between the outermost two electrodes. The 
maximum depth of investigation theoretically 
possible using a total array length of 256m (for 
homogeneous ground) is between 
0.11 x 256m = 28.2m (Roy and Apparo, 1971) 
and 0.17 x 256m = 43.5m (Edwards, 1976), 
which exceeds the maximum depth (25m) to 
which assessment boreholes are drilled (see 
Appendix A}. In practice, drift sequences are 
often very heterogeneous and the depth of 
penetration may be increased or decreased as a 
result. 

By combining measurements from different 
electrode configurations (such as R8 , Re, R01 
and R02, selected by using the switching box), it 
is possible to check the consistency of the 
reading, to compensate for the effect of 
near-surface lateral variations and to reduce the 
total number of electrode positions occupied. By 
this means, all the electrodes can be planted and 
connected at the same time, making the system 
practical for one-man operation as well as being 
rapid and cost-effective. 

In many instances, the sites chosen for resistivity 
sounding measurements are surrounded by 
fences, hedges or buildings, which restrict the 
length of the array that can be used. In fact, it 
requires a much larger area of ground than 
might at first be thought to enable two 
soundings to be made along straight arrays (both 
256m long) centred at the same point. 
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The res1st1v1ty readings obtained from the 
ABEM terrameter were plotted in the field using 
log-log graph paper in order to obtain 
preliminary 'field curves'. These give an 
immediate indication of the likely geological 
sequence encountered and the depth to 
rock-head. Detailed interpretation of the data 
was achieved in the laboratory by a 
curve-matching process , which involved the 
production of geo-electric models (resistivity 
curves) using a suite of computer programs 
developed specifically for this process by BGS. 
The programs are based on those published by 
Finch (1984), but modified to run on a VAX 
8600 main-frame computer. This 
computer-generated output forms the basis of 
the geological interpretation of the resistivity 
sounding data presented in the detailed 
resistivity records given in Appendix H . 

RESULTS 

The Offset Wenner sounding system was 
operated at 22 sites in which 44 resistivity 
soundings were measured, 26 in the Strachan 
area and 18 in the Auchenblae-Catterline area. 
These two areas are underlain by distinctly 
different suites of bedrock: 

a) Strachan: Caledonian (Kincardine) Granite 
and Dalradian metamorphic rocks. 

b) Auchenblae-Catterline: Mainly Old Red 
Sandstone strata comprising conglomerates, 
sandstones and mudstones intercalated with 
basaltic lavas and tuffs . 

Previous work from an adjacent area to the 
north (Auton, Merritt and Ross, 1988) showed 
that there were likely to be difficulties in 
determining the nature and thickness of 
superficial deposits in the assessment area using 
resistivity soundings, due primarily to a lack of 
sufficient resistivity contrast between the drift 
deposits and the bedrock. This problem was 
expected to emerge in the Strachan area because 
of the sandy nature of the drift sequence as a 
whole and the till deposits in particular. In the 
Auchenblae-Catterline area, however, it was 
expected that the sand and gravel component of 
the drift would be more readily identified, 
because of the greater resistivity contrast 
between the Red Series clayey tills and 
glaciolacustrine deposits and the sandy mineral 
deposits . 

As a result of experience gained during the 
previous assessment, it was decided that 



resistivity soundings would be restricted to sites 
located on the alluvium of the river valleys and 
to terraced deposits of sand and gravel flanking 
the alluvium, thereby limiting the variety of 
stratigraphic settings for which interpretations 
would be required. This restriction in the type 
of sites investigated made the interpretation of 
the resistivity data easier than would have 
otherwise been the case. Distinguishing between 
the superficial deposits and the underlying 
bedrock was also aided by the contrast afforded 
by a low to medium resistivity layer of till or 
glaciolacustrine deposits, that was found to 
directly overlie the bedrock, and underlie the 
alluvial and fluvioglacial deposits at most 
sounding sites. 

Measurements. The level of confidence for any 
geological interpretation that utilises resistivity 
data is greatly improved when it can be 
calibrated against other field evidence. About 
half of the soundings were therefore positioned 
in close proximity to either boreholes, trial pits 
or measured sections. Two series of soundings, 
taken as near to 90 degrees apart as possible, 
were measured at each site. Allowance was 
made for fences, hedges and burns and 
advantage was taken of the open ground at 
Strachan Bridge, where a Schlumberger sounding 
was conducted to compare the cost-effectiveness 
of this well-established technique to soundings 
made using the Offset-Wenner array. 

A frequency distribution plot displaying ground 
resistivity values has been constructed from the 
interpreted values and is shown in Figure 10. 
Detailed interpreted resistivity values for the 
types of drift is shown below: 

STRACHAN AREA: 

a) Mineral: Alluvial and fluvioglacial sand and 
gravel deposits have an overall interpreted 
resistivity range of 146-15444 ohm.m, with a 
mean value of 3750 ohm.m, but most ranged 
between 5000 and 15000 ohm.m, particularly 
when coarse gravels and cobbles (in a sandy 
matrix) were encountered lying above the 
water-table as at Dalbreck (69 SE R2) and 
Ordie (69 SW R5). The thickest mineral 
deposit was recorded in soundings taken near 
Strachan Bridge, (69 SE R5), where sand and 
gravel with an interpreted thickness of 
between 11.7 m and 13.2 m overlies sandy 
and silty glaciolacustrine deposits . 
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b} Waste: The glaciolacustrine and till deposits 
had a similar interpreted range of 
147-934 ohm.m, with a mean value of about 
500 ohm.m. These values reflect the sandy 
and gravelly nature of such deposits; the site 
at Blackhole (69 SW Rl) is a good example. 
These deposits reach a maximum thickness 
of 20 metres at the Castle Hill site 
(69 SE Rl}. 

c) Bedrock: The granite bedrock gave 
interpreted resistivity values of between 
842 ohm.m, when decomposed, and up to 
14428 ohm.m when fractured. Typically, the 
values for fresh granite were in the range 
2500-6000 ohm.m. The resistivity soundings 
taken on the flat-lying alluvium at Boghead 
(69 SW R4) indicated that metamorphic rock 
produced interpreted values, attributed to 
semipelite, of 575 and 699 ohm.m. A value 
of 62 ohm.m was obtained for pelite. 

AUCHENBLAE-CATTERLINE AREA 

a) Mineral: The interpreted resistivities for the 
alluvial and fluvioglacial sand and gravel 
deposits range from 334-4709 ohm.m, with a 
mean value of 1000 ohm.m. Dry 
gravelly /cobble deposits lying above the 
water-table, such as those at Tipperty 
(78 SW R2) and Hawkshill Farm (78 SE RI }, 
produced values >2000 ohm.m. Values for 
mineral deposits lying below the water-table 
were typically around 1 OOO ohm.m. Where the 
sand and gravel is predominantly silty, 
resistivities were much lower, in the range of 
350-1 OOO ohm.m. The interpreted maximum 
thickness of mineral deposits encountered was 
2.3 m at the Mains of Fordoun (77 NW R2B). 

b) Waste: The till and glaciolacustrine deposits 
have an interpreted resistivity range of 
134-798 ohm.m, with a mean value of 
350 ohm.m. This reflects the more silty/ clayey 
nature of the drift which overlies the Old Red 
Sandstone in the Auchenblae-Catterline area, as 
seen in the soundings taken at Pittarrow 
(77 NW R3) and Pitskelly (77 NE R2). The 
soundings at Tipperty (78 SW R2) showed the 
thickest interpreted sequence of 5.0 metres. 

c) Bedrock: The Old Red Sandstone sequence 
gave interpreted resistivity values ranging from 
15 ohm.m to 100 ohm.m for lavas and 
mudstone/siltstone lithologies, and 
200-400 ohm.m for sandstone and conglomerate. 
Soundings at the Tipperty site (78 SW R2) gave 
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interpreted resistivity values for the Highland 
Border Complex (interstratified basaltic lava and 
chert) at between 180 and 400 ohm.m. 

General 

In the Strachan area, the resistivity results 
indicated that the sandy nature of the drift 
proved in the boreholes and pits and seen to be 
due to derivation from the underlying crystalline 
bedrock is maintained between the sampling 
points. The additional information provided by 
the ·Strachan Bridge' site investigation boreholes 
helped to calibrate the resistivity and confirm 
the depth to bedrock. The soundings 
(69 SE RSA and R5B) were in close agreement 
with the borehole data, recording a considerable 
thickness of sand and gravel in the area. 
However, the borehole logs depicted many thin 
silty horizons within the sand and gravel that the 
resistivity method was unable to resolve. This 
resulted in several broad groupings, with an 
obvious loss of stratigraphic detail. Resistivity 
data from the 13 sites in the Strachan area 
indicated a mean drift thickness of 16.4 m. 

The low resistivity of the Old Red Sandstone 
bedrock in the Auchenblae- Catterline area 
resulted in moderate resistivity values (mean 
value of I OOO ohm.m for the sand and gravel 
derived from it, compared to a mean value of 
3750 ohm.m, for sand and gravel derived from 
Kincardine Granite bedrock in the Strachan 
area. 

In contrast to the Strachan area, resistivity data 
indicated a thin spread of drift with an average 
thickness of only 3.8 m. With the comparatively 
short resistivity range of the sand and gravel, 
allied to the good bedrock resistivity contrast, 
interpretation was often quick and simple. The 
low resistivity layer apparent at the base of the 
drift in most of the soundings was again 
attributed to either sandy till or glaciolacustrine 
deposits. Without borehole control it was 
difficult to establish which type of deposit 
formed this layer at individual sites as the 
respective resistivity ranges of both till and 
glaciolacustrine deposits (I 50-900 ohm.m) are 
almost identical. 

Conclusions: 

The Wenner array system has proved to be a 
useful and rapid tool in extending the broad 
stratigraphy of the glacial drift in the assessment 
area. It also accurately determined the total 
thickness of the drift sequence at Strachan 
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Bridge, where there was little lateral variation 
and confirmation from close borehole control. 
Overall the system was more successful in the 
Auchenblae-Catterline area, because the greater 
resistivity contrast between the bedrock and 
overlying drift permitted a quicker and more 
accurate curve matching and interpretation. 
This differed from the Strachan area, where the 
contrast was reduced due to the very sandy 
nature of the whole drift sequence. Overall, the 
interpretation of the resistivity data proved 
much slower than expected, due to the very high 
resistivities of the sand and gravel and the 
variable sand/clay content of the tills and 
glaciolacustrine deposits . Certainly this masking 
and overlapping, coupled to the rapid increases 
and decreases in resistivity values, made the 
curve matching process more difficult and 
ultimately less accurate in the Strachan area. As 
the sounding at Strachan Bridge proved, good 
borehole control is always necessary. At some 
of the other sites where good control was 
available, however, the resulting res1st1v1ty 
interpretations looked poor. This is probably 
due to the patchy nature of the mineral deposits 
and it is assumed that lateral variation had a 
major effect and, as previously discussed, there 
is some averaging, with the resistivity failing to 
discriminate thin layers within an otherwise 
homogeneous unit. 

Resistivity soundings were particularly successful 
in areas underlain by coarse gravels where shell 
and auger drilling to bedrock was almost 
impossible as well as prohibitively expensive. 
However, the reliability of interpretation of the 
drift sequence in an area containing rapidly 
varying deposits decreases with distance away 
from boreholes, pits or measured sections which 
provide control. 

The results obtained from the Schlumberger 
sounding near Strachan Bridge are comparable to 
those obtained using the Wenner array system. 
Both gave similar interpreted curve shapes, but 
the Schlumberger method indicated a slightly 
greater depth to bedrock. Although both 
systems gave very good results at this site, the 
Wenner array proved to be the more practicable 
system. Firstly, once laid out it is a static 
operation and can be operated by two men very 
quickly. In comparison, Schlumberger soundings 
require at least 3 field operators and can take 
significantly longer as electrodes have to be 
moved after each reading; secondly, the Wenner 
system operates on ground where space is 
limited and it also functions more accurately in 
areas where sequences are laterally variable. 



The Offset-Wenner system can, therefore, be 
confidently recommended as being cost effective 
as an additional assessment tool, given reasonable 
geological control. 

Overall, the res1sttv1ty survey in the 
Strachan-Catterline assessment area has been less 
successful than the earlier survey in the 
Inverurie-Stonehaven area. This is due mainly 
to problems in resolving and interpreting the 
resistivities as well as the pocket-like nature of 
the drift deposits in some of the higher valley 
sites of the Strachan area. 
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The following reports relate particularly to bulk mineral 
resources 

Reports of the Institute of Geological Sciences 

Assessment of British Sand and Gravel Resources 

I The sand and gravel resources of the country south-east 
of Norwich, Norfolk: Resource sheet TG 20. 
E. F . P. Nickless. 
Report 71/20 ISBN O 11 880216 X £1.15 

2 The sand and gravel resources of the country around 
Witham, Essex: Resource sheet TL 81. H.J. E. Haggard. 
Report 72/ 6 ISBN O 11 880588 6 £1.20 

3 The sand and gravel resources of the country south and 
west of Woodbridge, Suffolk: Resource sheet TM 24. 
R. Allender and S. E.Hollyer. 
Report 72/ 9 ISBN O 11 880596 7 £1.70 

4 The sand and gravel resources of the country around 
Maldon, Essex: Resource sheet TL 80. J. D. Ambrose 
Report 73/ 1 ISBN O 11 880600 9 £1 .20 

5 The sand and gravel resources of the country around 
Hethersett , Norfolk: Resource sheet TG 10. 
E. F. P. Nickless. 
Report 73/ 4 ISBN O 11 880606 8 £1.60 

6 The sand and gravel resources of the country around 
Terling, Essex: Resource sheet TL 71. C. H. Eaton . 
Report 73 / 5 ISBN O 11 880608 4 £1.20 

7 The sand and gravel resources of the country around 
Layer Breton and Tolleshunt D' Arey, Essex: Resource sheet 
TL 91 and part 90. J. D. Ambrose. 
Report 73/ 8 ISBN O 11 880614 9 £1 .30 

8 The sand and gravel resources of the country around 
Shatley and Felixstowe, Suffolk: Resource sheet TM 23 . 
R. Allender and S. E. Hollyer. 
Report 73 / 13 ISBN O 11 880625 4 £1 .60 

9 The sand and gravel resources of the country around 
Attlebridge, Norfolk : Resource sheet TG 11. 
E. F. P. Nickless . 
Report 73 / 15 ISBN O II 880658 0 £1.85 

10 The sand and gravel resources of the country west of 
Colchester, Essex: Resource sheet TL 92. J . D. Ambrose. 
Report 74/ 6 ISBN O II 880671 8 £1.45 

11 The sand and gravel resources of the country around 
Tattingstone, Suffolk: Resource sheet TM 13 . S. E . Hollyer. 
Report 74/ 9 ISBN O 11 880675 0 £1.95 

12 The sand and gravel resources of the country around 
Gerrards Cross, Buckinghamshire: Resource sheet SU 99, 
TQ 08, 09. H. C. Squirrell. 
Report 74/ 14 ISBN O 11 880710 2 £2 .20 

Mineral Assessment Reports (Institute of Geological Sciences) 

13 The sand and gravel resources of the country east of 
Chelmsford, Essex: Resource sheet TL 70. M. R. Clarke. 
ISBN O 11 880744 7 £3 .50 
14 The sand and gravel resources of the country east of 
Colchester, Essex: Resource sheet TM 02. J. D. Ambrose. 
ISBN O 11 880745 5 £3 .25 
15 The sand and gravel resources of the country around 
Newton on Trent, Lincolnshire: Resource sheet SK 87. 
D. Price. 
ISBN O 11 880746 3 £3.00 

16 The sand and gravel resources of the country around 
Braintree , Essex: Resource sheet TL 72. M. R. Clarke. 
ISBN O 11 880747 I £3.50 

17 The sand and gravel resources of the country around 
Besthorpe , Nottinghamshire: Resource sheet SK 86 and 
part 76. J . R. Gozzard. 
ISBN O 11 880748 X £3.00 

18 The sand and gravel resources of the Thames Valley, 
the country around Cricklade, Wiltshire: Resource sheet 
SU 09, 19 and parts SP 00, 10. P R. Robson. 
ISBN O 11 880749 8 £3.00 

19 The sand and gravel resources of the country south of 
Gainsborough, Lincolnshire: Resource sheet SK 88 and 
part 78 . J .H. Lovell. 
ISBN O 11 880750 I £2.50 

20 The sand and gravel resources of the country east of 
Newark upon Trent , Nottinghamshire : Resource sheet SK 85 . 
J . R. Gozzard . 
ISBN O 11 880751 X £2. 75 

21 The sand and gravel resources of the Thames and 
Kennet Valleys, the country around Pangboume, Berkshire : 
Resource sheet SU 67. H. C. Squirrell . 
ISBN O II 880752 8 £3.25 

22 The sand and gravel resources of the country north-west 
of Scunthorpe, Humberside: Resource sheet SE 81. 
J . W. C. James . 
ISBN O 11 880753 6 £3.00 

23 The sand and gravel resources of the Thames Valley, 
the country between Lechlade and Standlake: Resource sheet 
SP 30 and parts SP 20, SU 29, 39. P. Robson. 
ISBN O II 881252 I £7.25 

24 The sand and gravel resources of the country around 
Aldermaston, Berkshire: Resource sheet SU 56 , 66. 
H. C. Squirrell. 
ISBN O II 881253 X £5 .00 

25 The celestite resources of the area north-east of Bristol: 
Resource sheet ST 68 and parts 59 , 69 , 79, 58 , 68 , 78 , 77 . 
E. F. P . Nickless, S. J. Booth and P . N. Mosley. 
ISBN O II 881262 9 £5.00 

26 The limestone and dolomite resources of the country 
around Monyash, Derbyshire : Resource sheet SK 16. 
F. C. Cox and D. McC. Bridge. 
ISBN O II 881263 7 £7 .00 

27 The sand and gravel resources of the country west and 
south of Lincoln, Lincolnshire : Resource sheets SK 95 and 
part 96, and SK 97 and part 96. I. Jackson. 
ISBN O 11 884003 7 £6.00 

28 The sand and gravel resources of the country around 
Eynsham, Oxfordshire: Resource sheet SP 40 and part 41. 
W. J . R. Harries. 
ISBN O II 884012 6 £3.00 

29 The sand and gravel resources of the country south-west 
of Scunthorpe, Humberside: Resource sheet SE 80. 
J . H. Lovell. 
ISBN O 11 884013 4 £3 .50 

30 Procedure for the assessment of limestone resources. 
F . C. Cox, D. McC. Bridge and J . H. Hull. 
ISBN O 11 884030 4 £1 .25 

31 The sand and gravel resources of the country west of 
Newark upon Trent, Nottinghamshire : Resource sheet SK 75. 
D. Price and P. J . Rogers. 
ISBN O II 884031 2 £3. 50 

32 The sand and gravel resources of the country around 
Sonning and Henley, Berkshire, Oxfordshire and 
Buckinghamshire: Resource sheet SU i7, 78 . 
H. C. Squirrell. 
ISBN O 11 884032 0 £5.25 

33 The sand and gravel resources of the country north of 
Gainsborough, Lincolnshire : Resource sheet SK 89. 
J. R. Gozzard and D. Price. 
ISBN O 11 884033 9 £4.50 

34 The sand and gravel resources of the Dengie Peninsula, 
Essex: Resource sheet TL 90 and parts 80, TM 00, 
TQ 89, 99, TR 09. M. B. Simmons. 
ISBN O II 884081 9 £5.00 

35 The sand and gravel resources of the country around 
Darvel, Strathclyde: Resource sheet comprising parts of 
NS 53, 54, 63, 64. E . F. P . Nickless, A. M. Aitken and 
A. A. McMillan. 
ISBN O 11 884082 7 £7 .00 



36 The sand and gravel resources of the country around 
Southend-on-Sea, Essex: Resource sheets comprising parts 
of TQ 88, 89, 98 , 99, TR 08, 09; and TQ 78 , 79 and parts 
of 88, 89. S. E. Hollyer and M. B. Simmons. 
ISBN O 11 884083 5 £7 .50 
37 The sand and gravel resources of the country around 
Bawtry, South Yorkshire: Resource sheet SK 69. 
A. R. Clayton. 
ISBN O 11 884053 3 £5.75 
38 The sand and gravel resources of the country around 
Abingdon , Oxfordshire: Resource sheet SU 49, 59, SP 40, 50. 
C. E . Corser. 
ISBN O 11 884084 5 £5.50 
39 The sand and gravel resources of the Blackwater Valley 
(Aldershot) area: Resource sheet SU 85, 86 and pans 84, 94, 
95, 96. M. R. Clarke, A. J. Dixon and M. Kubala. 
ISBN O 11 884085 I £7 .00 
40 The sand and gravel resources of the country west of 

· Darlington, County Durham: Resource sheet NZ 11, 21. 
A. Smith. 
ISBN O 11 884086 X £5.00 
41 The sand and gravel resources of the country around 
Garmouth, Grampian Region : Resource sheet NJ 36. 
A. M. Aitken, J . W. Merritt and A. J. Shaw. 
ISBN O 11 884090 8 £8 . 75 
42 The sand and gravel resources of the country around 
Maidenhead and Marlow: Resource sheet SU 88 and 
parts 87, 97, 98. P. N. Dunkley. 
ISBN O 11 884091 6 £5.00 
43 The sand and gravel resources of the country around 
Misterton, Nottinghamshire: Resource sheet SK 79. 
D. Thomas and D. Price. 
ISBN O 11 884092 4 £5.25 

44 The sand and gravel resources of the country around 
Sedgefield, Durham: Resource sheet NZ 32. M. D. A. Samuel. 
ISBN O 11 884093 2 £5. 75 

45 The sand and gravel resources of the country around 
Brampton, Cumbria: Resource sheet NY 55, part 56. I. Jackson. 
ISBN O II 884094 0 £6.75 
46 The sand and gravel resources of the country north of 
Harlow, Essex: Resource sheet TL 41. P. M. Hopson . 
ISBN O 11 884107 6 £9.50 
47 The limestone and dolomite resources of the country 
around Wirksworth, Derbyshire: Resource sheet SK 25 and 
part 35 . F . C. Cox and D. J . Harrison . 
ISBN O II 884108 4 £15.00 

48 The sand and gravel resources of the Loddon Valley 
area: Resource sheet SU 75, 76, and parts 64, 65 , 66, 74. 
M. R. Clarke, E. J. Raynor and R. A. Sobey. 
ISBN O 11 884109 2 £8. 75 
49 The sand and gravel resources of the country around 
Lanark, Strathclyde Region : Resource sheet NS 94 and 
part 84. J . L. Laxton and E. F. P . Nickless . 
ISBN O 11 884110 6 £11.00 
50 The sand and gravel resources of the country around 
Fordingbridge, Hampshire : Resource sheet SU 11 and parts 
00, 01 , 10, 20, 21. M . Kubala. 
ISBN0118841114 £7 .75 
51 The sand and gravel resources of the country north of 
Bournemouth, Dorset : Resource sheet SU 00, 10, 20, SZ 09, 
19, 29. M. R. Clarke. 
ISBN O 11 884112 2 £9 .75 

52 The sand and gravel resources of the country between 
Hatfield Heath and Great Waltham, Essex: Resource sheet 
TL 51, 61. R. J. Marks. 
ISBN O 11 884113 0 £8 .00 

53 The sand and gravel resources of the country around 
Cottenham, Cambridgeshire: Resource sheet TL 46, 47 . 
A. J. Dixon. 
ISBN O 11 884114 9 £9.25 

54 The sand and gravel resources of the country around 
Huntingdon and St Ives, Cambridgeshire: Resource sheets 
comprising parts of TL 16, 17, 26, 27; and TL 26, 27, 36, 37. 
R. W. Gatliff. 
ISBN O 11 884115 7 £8. 75 

55 The sand and gravel resources of the country around 
Ipswich, Suffolk: Resource sheet TM 14. R. Allender and 
S. E . Hollyer. 
ISBN O II 884116 5 £10.00 

56 Procedure for the assessment of the conglomerate resources 
of the Sherwood Sandstone Group. D. P. Piper and P. J. Rogers. 
ISBN O 11 884143 2 £1.25 

57 The conglomerate resources of the Sherwood Sandstone 
Group of the country around Cheadle, Staffordshire: Resource 
sheet SK 04. P. J . Rogers, D. P . Piper and T. J. Charsley. 
ISBN O II 884144 0 £7 .75 

58 The sand and gravel resources of the country west of 
Peterhead, Grampian Region : Resource sheet NK 04 and 
parts NK 05, 14, 15, NJ 94, 95 . A . A. Mc:Vtillan and 
A . M . Aitken . 
ISBN O 11 884145 9 £12 .00 
59 The sand and gravel resources of the country around 
Newbury, Berkshire: Resource sheet SU 46, 47 and parts 36, 
37, 47. J. R. Gozzard. 
ISBN O 11 884146 7 £11.50 

60 The sand and gravel resources of the country south-west 
of Peterborough , in Cambridgeshire and east Northampton
shire: Resource sheets TL 09, 19 and SP 98, TL 08. 
A . M . Harrisson. 
ISBN O 11 884147 5 £15 .50 

61 The sand and gravel resources of the country north of 
Wrexham, Clwyd: Resource sheet SJ 35 and part 25 . 
P. N. Dunkley. 
ISBN O 11 884148 3 £11.75 

62 The sand and gravel resources of the country around 
Dolphinton, Strathclyde Region, and West Linton, Borders 
Region: Resource sheet NT 04, 14 and parts 05 15. 
A . A . McMillan, J. L. Laxton and A. J . Shaw. 
ISBN O 11 884149 I £8 .00 

63 The sand and gravel resources of the valley of the 
Douglas Water, Strathclyde Region : Resource sheet NS 83 
and parts 82, 92, 93 . A. J . Shaw and E. F. P . Nickless . 
ISBN O II 884150 5 £11.50 

64 The sand and gravel resources of the country between 
Wallingford and Goring, Oxfordshire: Resource sheet Sl.i 68 
and part 58. C. E. Corser. 
ISBN O 11 884151 3 £11.50 

65 The sand and gravel resources of the country around 
Hexham, Northumberland : Resource sheet NY 86, 96. 
J. H . Lovell. 
ISBN O 11 884152 I £7 .50 

66 The sand and gravel resources of the country west of 
Chelmsford, Essex: Resource sheet TL 60. P . M. Hopson. 
ISBN O 11 884153 X £8.50 

67 The sand and gravel resources of the country around 
Hatfield and Cheshunt, Hertfordshire: Resource sheet 
TL 20, 30 and parts TQ 29, 39. J . R. Gozzard. 
ISBN O 11 884167 X £10.00 
68 The sand and gravel resources of the country north-east 
of Halstead, Essex: Resource sheet TL 83. R. J. Marks 
and J . W. Merritt. 
ISBN O 11 884168 8 £13 .25 

69 The sand and gravel resources of the country around 
Welwyn Garden City, Hertfordshire: Resource sheet TL 11 , 21. 
J. R. Gozzard . 
ISBN O 11 884169 6 £10.50 

70 The sand and gravel resources of the country east of 
Harrogate, North Yorkshire: Resource sheet SE 35 . 
D. L. Dundas. 
ISBN0118841707 £15 .50 



71 The sand and gravel resources of the country around 
Herne! Hempstead, St Albans and Watford: Resource sheet 
TL 00, 10, and parts TQ 09, 19. 
W . J. R. Harries, S. E. Hollyer and P. M. Hopson. 
ISBN O 11 884171 8 £12.00 

72 The sand and gravel resources of the country around 
Bury St Edmunds, Suffolk: Resource sheet TL 86. 
M. P . Hawkins. 
ISBN O 11 884172 6 £10.50 

73 The sand and gravel resources of the country between 
Ely and Cambridge, Cambridgeshire: Resource sheet 
TL 56, 57. A. R. Clayton. 
ISBN O 11 884173 4 £9.50 

74 The sand and gravel resources of the country around 
Blaydon, Tyne and Wear: Resource sheet NZ 06, 16. 
J . R. A . Giles. 
ISBN O 11 884174 2 £10.50 

75 The sand and gravel resources of the country around 
Stokesley, North Yorkshire: Resource sheet NZ 40, 50, and 
parts 41, 51. R. G. Crofts . 
ISBN0118841750 £11.50 

76 The sand and gravel resources of the country around 
Ellon, Grampian Region: Resource sheets NJ 93 with 
parts 82, 83, 92, and NK 03 with parts 02, 13. J. W . Merritt. 
ISBN O 11 884176 9 £15.00 

77 The limestone and dolomite resources of the country 
around Buxton, Derbyshire: Resource sheet SK 07 and 
parts 06, 08 . D . J. Harrison. 
ISBN O II 884177 7 £13 .50 

78 The sand and gravel resources of the country west of 
Boroughbridge, North Yorkshire: Resource sheet SE 36. 
D. A. Abraham. 
ISBN O 11 884178 5 £12.75 

79 The limestone and dolomite resources of the country 
around Bakewell, Derbyshire: Resource sheet SK 26 and 
part 27. D. McC. Bridge and J . R. Gozzard . 
ISBN O 11 884179 3 £10.50 

80 The sand and gravel resources of the country between 
Stamford, Lincolnshire, and Peterborough, Cambridgeshire : 
Resource sheet TF 00, 10. S. J . Booth. 
ISBN O 11 884180 7 £14.50 

81 The sand and gravel resources of the country around 
Dorchester and Watlington, Oxfordshire : Resource sheet 
SU 69 and part 59. C. E . Corser. 
ISBN O 11 884204 8 £ 14.25 

82 The sand and gravel resources of the country around 
Sible Hedingham, Essex: Resource sheet TL 73. 
R. J. Marks and D. W. Murray. 
ISBN O 11 884205 6 £10. 75 

83 The sand and gravel resources of the country around 
Hollesley, Suffolk: Resource sheet TM 34. 
S. E. Hollyer and R. Allender. 
ISBN O 11 884206 4 £13.25 

84 The sand and gravel resources of the country around 
Kirk Hammerton, North Yorkshire: Resource sheet SE 45 . 
J. R . A . Giles. 
ISBN O 11 884207 2 £10.00 

85 The sand and gravel resources of the country around 
Nayland, Suffolk: Resource sheet TL 93. P. M . Hopson. 
ISBN O 11 884208 0 £11.25 

86 The sand and gravel resources of the country around 
Wern, Shropshire: Resource sheet SJ 42 , 52. 
B. Cannell and W. J. R. Harries. 
ISBN O 11 884209 9 £15.50 

87 The sand and gravel resources of the country around 
Ranskill and East Retford, Nottinghamshire: Resource sheet 
SK 68 and part 78. D. Thomas. 
ISBN O 11 884210 2 £8 .50 

88 The sand and gravel resources of the country around 
Tholthorpe, North Yorkshire : Resource sheet SE 46. 
R. Stanczyszyn. 
ISBN O 11 884211 0 £13.00 

89 The sand and gravel resources of the country around 
Newport-on-Tay, Fife Region : Resource sheet NO 42 and 
parts 32, 52 . J . L. Laxton and D . L. Ross . 
ISBN O II 887413 6 £12 .75 

90 The sand and gravel resources o f the country around 
Shrewsbury, Shropshire : Resource sheet SJ 41 , 51. 
B. Cannell. 
ISBN O 11 884213 7 £17 .00 

91 The conglomerate resources o f the Sherwood Sandstone 
Group of the country east of Stoke-on-Trent , Staffordshire : 
Resource sheet SJ 94. D. Piper. 
ISBN O II 884214 5 £7 .00 

92 The sand and gravel resources of the country around 
Armthorpe, South Yorkshire : Resource sheet 
SE 60. D . Price and D . P . Best. 
ISBN O 11 884215 3 £10.00 

93 The sand and gravel resources o f the country around 
Whittlesey, Cambridgeshire: Resource sheet TF 20, TL 29 . 
S. J . Booth. 
ISBN O 11 884216 l £12 .50 

94 The sand and gravel resources of the country north and 
west of Woodhall Spa, Lincolnshire : Resource sheet TF 16 
and part 17. I. Jackson . 
ISBN O 11 884217 X £14 .75 

95 The sand and gravel resources of the country around 
Biggar, Strathclyde Region: Resource sheet NS 93 , NT 03 , 
and parts NS 92, NT 02 . A . J . Shaw and J. W. Merritt. 
ISBN O 11 887414 4 £15 .00 

96 The sand and gravel resources o f the country around 
Potter Hanworth and Reepham, Lincolnshire: Resource 
sheet TF 06, 07. R . G. Crofts. 
ISBN O II 884219 6 £9 .75 

97 The sand and gravel resources of the country around 
Clare, Suffolk : Resource sheet TL 74. R. Marks. 
ISBN O 11 884297 8 £10.00 

98 The limestone and dolomite resources of the country 
around Tideswell, Derbyshire: Resource sheet SK 17 and 
parts 18, 27 . R. W. Gatliff. 
ISBN O 11 884298 6 £14.50 

99 The sand and gravel resources of the country north and 
west of Billingham, Cleveland: Resource sheer ;,,;z 42 and 
part 52. J. W. C. James. 
ISBN O 11 884299 4 £10.50 

100 The sand and gravel resources of the country around 
Billinghay, Lincolnshire: Resource sheet TF 15 and part 05. 
J . B. L. Wild. 
ISBN O 11 884300 I £13 .75 

101 The sand and gravel resources of the country around 
Glenrothes, Fife Region: Resource sheet NO 20 and 
parts 21 , 30, 31. A. M . Aitken and D . L. Ross. 
ISBN O 11 887415 2 £15 .00 

102 The sand and gravel resources of the country around 
Coggeshall, Essex : Resource sheet TL 82 . S. J . Booth and 
J. W. Merritt. 
ISBN O 11 887416 0 £16 .00 

103 The sand and gravel resources of the country between 
Dorchester and Wareham, Dorset: Resource sheets 
comprising parts of SY 68, 69, 78, 79, 88 , 89, 98 , 99 . 
S. J . Mathers . 
ISBN O 11 884303 6 £17 .00 

104 The sand and gravel resources of the country around 
Stansted Mountfitchet , Essex : Resource sheet TL 52. 
P . M. Hopson . 
ISBN O 11 884304 4 £11.75 



I 

105 The sand and gravel resources of the Welshampton 
area, Shropshire and Clwyd: Resource sheet SJ 43 . 
Institute of Geological Sciences. 
ISBN O 11 884305 2 £12.00 

106 The sand and gravel resources of the country south of 
Wrexham, Clwyd: Resource sheet SJ 34 and part 24. 
D. F. Ball. 
ISBN O 11 884306 0 £11.00 

107 The sand and gravel resources of the country between 
Rugby and Northampton , Warwickshire and Northampton
shire: Resource sheet SP 66 and parts 56, 57 , 65, 67, 75 
and 76. M. R. Clarke and E. R. Moczarski. 
ISBN O 11 884307 9 £20.00 

108 The sand and gravel resources of the country south of 
Horncastle, Lincolnshire: Resource sheet TF 26. 
G. Power and J . B. L. Wild. 
ISBN O 11 884308 7 £9 .75 

109 The sand and gravel resources of the country around 
Great Dunmow, Essex: Resource sheet TL 62 . 
C. W. Thomas . 
ISBN O 11 884309 5 £12. 75 

110 The sand and gravel resources of the country north of 
Newmarket, Cambridgeshire and Suffol k: Resource sheet 
TL 67 and part 66. C. E. Corser . 
ISBN O 11 884310 9 £14.50 

111 The sand and gravel resources of the country east and 
south-east of Darlington, Durham: Resource sheet NZ 30, 31. 
J . R. Gozzard and D. Price. 
ISBN O 11 884311 7 £14.25 

112 The sand and gravel resources of the country around 
Hertford , Hertfordshire : Resource sheet TL 31. 
P. M. Hopson and M. D. A. Samuel. 
ISBN O II 884312 5 £11.75 

113 The sand and gravel resources of the country around 
Mold, Clwyd: Resource sheet SJ 26 and pan 16. D. F . Ball 
and K. A. McL. Adlam . 
ISBN O 11 884313 3 £12.00 

114 The sand and gravel resources of the country around 
Kettering and Wellingborough, in pans of Northampton
shire , Cambridgeshire and Bedfordshire: Resource sheets 
SP 97 and parts SP 87, TL 07; and SP 86, 96. 
A. M . Harrisson . 
ISBN O II 884314 I £18.00 

115 The sand and gravel resources of the country east of 
Solihull, Warwickshire: Resource sheet comprising pans of 
SP 17, 18, 27, 28. B. Cannell. 
ISBN O 11 884315 X £10.75 

116 The limestone resources of the Craven Lowlands: 
Resource sheet comprising pans of I :50000 geological sheets 
59, 69, 61 , 67, 68 and 69. D. J. Harrison . 
ISBN O II 884316 8 £15.00 

117 The sand and gravel resources of the country around 
Redgrave, Suffolk: Resource sheet TM 07 and pan 08 . 
C. A. Auton . 
ISBN O 11 884317 6 £15 .00 

118 The sand and gravel resources of the country around 
Sudbury, Suffolk : Resource sheet TL 84. P . M. Hopson. 
ISBN O II 884318 4 £12 .50 

119 The sand and gravel resources of the country around 
Bedale, North Yorkshire: Resource sheet SE 28. 
J . R. A. Giles . 
ISBN O 118843192 £11.75 

120 The sand and gravel resources of the country around 
Catterick, North Yorkshire: Resource sheet SE 29. 
J. H . Lovell. 
ISBN O 11 884320 6 £10. 75 

121 The sand and gravel resources of the country around 
Callander and Dunblane, Central Region: Resource sheet 
NN 60, 70. J. W. Merritt and J. L. Laxton. 
ISBN O II 887417 9 £15 .00 

122 The sand and gravel resources of the country around 
Lymington and Beaulieu, Hampshire: Resource sheet 
comprising parts of SU 20, 30, 40, and SZ 29, 39, 49. 
S. J. Mathers . 
ISBN O 11 884322 2 £17 .00 

123 The sand and gravel resources of the country between 
Mildenhall and Barrow, Suffolk: Resource sheet TL 76, 77 
and part 87. A. R. Clayton. 
ISBN O 11 884323 0 £15 .50 

124 The sand and gravel resources of the country around 
Chatteris, Cambridgeshire: Resource sheet TL 38 and pan 37. 
J. R. Gozzard. 
ISBN O 11 884324 9 £12.50 

125 The sand and gravel resources of the country between 
Coventry and Rugby, Warwickshire: Resource sheet SP 47 
and part 37. 
ISBN O 11 884325 7 £12. 75 

126 The limestone and dolomite resources of the country 
around Settle and Malham, North Yorkshire: Resource sheet 
comprising parts of I :50000 geological sheets 50 and 60. 
D. W. Murray . 
ISBN O 11 884326 5 £9. 75 

127 The sand and gravel resources of the country around 
Woolpit, Suffolk : Resource sheet TL 96 . M. R. Clarke . 
ISBN O 11 884327 3 £13.00 

128 The sand and gravel resources of the country around 
Coningsby, Lincolnshire: Resource sheet TF 25. I. Jackson 
and M. D. Issaias. 
ISBN O 11 884328 I £11 . 75 

129 The limestone and dolomite resources of the country 
north and west of Ashbourne, Derbyshire: Resource sheet 
SK 15 and parts 04, 05 , 14. D. McC. Bridge and 
D. S. Kneebone 
ISBN O 11 884329 X £15 .25 

130 The sand and gravel resources of the country between 
Bourne and Crowland, Lincolnshire : Resource sheet TF 11 
and parts 01 , 21. S. J. Booth . 
ISBN O 11 884430 X £20.00 

131 The sand and gravel resources of the country west of 
Stirling, Central Region : Resource sheet NS 69, 79. 
J. L. Laxton and D. L. Ross 
ISBN O 11 887421 7 £14 .50 

132 The sand and gravel resources of Strathallan , Tayside 
Region : Resource sheet comprising parts of NN 80, 81, 90, 91. 
A. M. Aitken and A. J . Shaw. 
ISBN O 11 887422 5 £15 .50 

133 The sand and gravel resources of the country north
east of Thaxted, Essex: Resource sheet 
TL 63 . R. J . Marks. 
ISBN O 11 884433 4 £11 .50 

134 The sand and gravel resources of the country around 
Prees, Shropshire: Resource sheet SJ 53 . J. W. C. James. 
ISBN O 11 884434 2 £16.00 

135 The sand and gravel resources of the country around 
West Tanfield , North Yorkshire: Resource sheet SE 27. 
G. E. Strong and J . R. A. Giles. 
ISBN O 11 884435 0 £10.75 

136 The sand and gravel resources of the country around 
Whitchurch and Malpas, Clwyd, Cheshire and Shropshire: 
Resource sheet SJ 44, 54. I. Jackson, D. J . Lowe, 
A. N. Morigi and S. J . Mathers. 
ISBN O 11 884436 9 £16.00 

137 The sand and gravel resources of the country around 
Diss, Norfolk : Resource sheet TM 17 and pan 18. 
C. J. Wilcox and R. Stanczyszyn. 
ISBN O 11 884437 7 £15 .00 

138 The sand and gravel resources of the country around 
Chichester and north of Bogner Regis , Sussex: Resource 
sheet SU 80, 90. J . H. Lovell and P. H. A. Nancarrow. 
ISBN O 11 884438 5 £16 .00 



139 The sand and gravel resources of the country around 
Kinross, Tayside Region : Resource sheet NO 00, 10, and 
parts NT 09, 19. J . W. Merritt and D . L. Ross. 
ISBN O 11 887423 3 £17.50 

Mineral Assessment Reports (British Geological Survey) 
140 The sand and gravel resources of the country around 
Dalkeith and Temple, Lothian Region: Resource sheets 
NT 25 and 26, and NT 35 and 36. A . M. Aitken, J . H. 
Lovell, A . J . Shaw and C . W . Thomas . 
ISBN O 11 887526 4 £20.00 
141 The hard-rock resources of the country around 
Caerphilly, South Wales : Resource sheet comprising pans of 
I :50000 geological sheets 249 and 263. K. A. McL. Adlam, 
D . J. Harrison and J. B. L. Wild . 
ISBN O 11 884441 5 £11.50 
142 The sand and gravel resources of the country around 
Henley-in-Arden, Warwickshire: Resource sheet SP 16 and 
parts 15, 17, 25, 26, 27. B. Cannell and R. G. Crofts. 
ISBN O 11 884442 3 £25 .00 
143 The sand and gravel resources of the country north-east 
of Ripon, North Yorkshire: Resource sheet SE 37 and part 47. 
A . N. Morigi and J. W . C. James. 
ISBN O 11 884443 I £16.50 
144 Limestones of the Peak: a guide to the limestone and 
dolomite resources of the Peak District of Derbyshire and 
Staffordshire: Resource sheet comprising parts of I :50 OOO 
geological sheets 99, Ill, 112, 124and 125. 
D. J. Harrison and K. A. McL. Adlam. 
ISBN O 11 884444 X £5 .00 
145 The sand and gravel resources of the country around 
Harleston and Bungay, Norfolk: Resource sheet comprising 
parts of TM 27, 28, 38 and 39. C . A. Auton , A . N. Morigi 
and D . Price . 
ISBN O 85272 090 4 £15.00. 
146 The sand and gravel resources of the country around 
Aberdeen, Grampian Region : Resource sheets NJ 71, 80 , 81 
and 91, and parts NJ 61, 90, 92 and NO 89, 99. C. A . 
Auton and R. G. Crofts. 
ISBN O 85272 089 0 £20 .00 
147 The sand and gravel resources of the country around 
Humbie and East Linton, Lothian Region . Resource sheet 
NT 46, 56, 57, 67 . A. M. Aitken and D. L. Ross. 
ISBN O 85272 092 0 
148 The sand and gravel resources of the country around 
Inverurie and Dunecht, and between Banchory and Stone
haven, Grampian Region : Resource sheets NJ 72 , and 
NJ 70, NO 79, and parts NO 88, 89, 99 . C. W. Auton, 
J. W . Merritt and D . L. Ross . [BGS Technical Report 
WF/ 88/ 1.] 
149 The sand and gravel resources of the country around 
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APPENDIX E: EXPLANATION OF THE ASSESSMENT RECORDS 
ANNOTATFD FICTITIOUS EXAMPLE 

NO 79 NE 201 

4 Surface level c+83m 
Water struck'at c+77m5 

6 250 and 200mm percussion 
September 1989 

Valleyside Farm3 

Overburden 
Mineral I 
Waste 
Mineral II 
Waste 
Bedrock 

0.2m7 

3.3m 
1.7m 
1.3m 
2.9m 

9 0.4m+ 

10 Geological 11 Lithology Thickness Depth8 

classification 

?Glacial sand 
and gravel 

Glaciolacustrine 
deposits 

Flow-till 

Soil, clayey and sandy, pale, 
brown 

a 'Clayey' sandy gravel 
Gravel: coarse and fine, with 
some cobbles, subangular to 
rounded, _red and pink granite,_ 
basic igneous rocks and pink 
quartzite; some schist and grey 
granite 
Sand: medium with coarse and 
fine, angular quartz and rock 
Fines: silt and clay, loosely 
binding the deposit; moderate 
reddish brown {lOR 4/6) becoming 
moderate yellowish brown · 
(lOYR 5/3) with depth 

. Clay, sandy, moderate reddish 
brown (lOR 4/6), interlaminated 
with clayey silt; thin stringers 
of vein-quartz and red granite 
pebbles 

Silt, clayey, sandy, laminated, 
reddish to light olive brown, 
(5Y 5/6) abundant pebbles 

· (?drops tones) of granite, quartz 
and schist 

b 'Very clayey' pebbly sand, 
cleaner with depth 
Gravel: fine and coarse, 
rounded, red quartzite and 
schist with some granite 
Sand: medium and coarse with 
fine, angular, quartz and rock 
Fines: silt and clay binding 
deposit above 6.0m depth, 
moderate, olive brown (5Y 4/4) 
to dark yellowish brown {lOR 
4/2) 

2 

m m 
? 

0.2 0.2-

3.3 3.5 

0.5 4.0 

1.2 5.2 

1.3 6.5 



Till Clay, sandy, very compact, 2.9 9.4 
brown. Angular pebbles of 
schist, brown (Devonian) 
sandstone, vein-quartz and 
granite 

Caledonian Basic rock, hard, greenish black o.4+ 9.8 
(5GY 2/1), possibly 
metamorphosed 

Grading 

15 12 
Mean for Deposit Depth below 

13 
percentages surface (m) percentages 

Pines Sand Gravel · Pines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 19 49 32 0.2- 1.2 14 20 27 12 17 10 0 

1.2- 2. 5 30 11 24 14 11 10 0 

2.5- 3.5 11 11 12 16 18 26 6 

Mean 19 14 21 14 .. 15 15 2 

b 28 53 19 5.2- 6.0 37 10 27 .16 8 2 0 

6.o- 6.5 14 12 20 21 14 19 0 $14 

Mean 28 . 11 24 18 10 9 0 

a&b 22 50 28 Mean 22 13 22 15 14 13 1 
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The numbered paragraphs below correspond 
with the annotations given on the specimen 
record above. 

1 Sample point registration number 
Each British Geological Survey (BGS) borehole, 
shallow pit or measured section is identified by 
a . registration number.· This consists of two 
statements: 

1 .The number of the 1:25 OOO sheet on which 
the sample point lies, for example ·No 79 

2 The quarter of the 1:25 OOO sheet on which 
the sample point lies and its · number in a 
series for that quarter, for example NE 20 

Thus the full registration number is NO 79 NE 
20. 

2 The National Grid reference . 
All ·National Grid references in this publication 
lie within the 100-km square NO. Grid 
references are given to eight figures, accurate to 
within 1 Orn for sample point locations. 

3 Location 
Tffe -p~sition of the ·sample point=is referrect to 
the nearest named locality on the 1:25 OOO base 
map. 

4 Surface level 
The surface level at the sample point, given in 
metres above Ordnance Datum, is estimated 
from contours on 1:10 OOO base maps. 

S Groundwater conditions 
If groundwater was present the level· at which it 
was encountered is normally given (in metres 
above Ordnance Datum). 

6 Method and date of sampling 
Modified shell and auger rigs were used for the 
drilling of boreholes in this survey. The drilling 
method, the external diameter of the casing 
used, and the month and year of completion of 
the borehole are given. Where appropriate, 
other methods of sampling are stated (for 
example shallow pits and sections sampled by 
hand). 

7 Overburden, mineral, waste and bedrock 
Mineral is sand and gravel which, as part of a 
deposit, falls within the arbitrary definition of 
potentially workable material. Mineral I is 
potentially workable sand and gravel; Mineral II 
is potentially workable till (or potentially 
workable weathered rock). Bedrock is the 
'formation', 'country rock' or 'rock head' below 
which potentially workable sand and gravel will 
not be found. Waste is any material other than 
bedrock or mineral. Where . waste occurs 

4 

between the surfac~ and mineral it is classified 
as overburden. 

8 Thickness and depth 
All measurements· were made in metres. 

9 The plus sign ( +) indicates that the base of the 
deposit was not reached during drilling. 

10 Geological classification 
The geological classification is given · whenever 
possible. 

11 Lithological description 
When sand and gravel is recorded a general 
description based · on the mean grading 
characteristics (for details see Appendix C) is 
followed by more detailed particulars. The 
description of other rocks is based on visual 
examination, in the field. Details of colour are 
based on the Rock-color Chart distributed by 
the Geological Survey of America: the colour is 
followed by the relevent colour code. 

12 Sampling 
A contfouous series of bulk samples is taken 
through the thickness of sand and gravel. A 
new-sample is "commenced" whenever there· is~an -
appreciable lithological change within the sand 
and gravel. 

13 Grading results 
The results are expressed as per cent by weight 
passing on British Standard sieves whose 
aperture sizes are given in millimetres or 
fractions thereof. 

14 Bailed samples 
Fully representative sampling of sand and gravel 
is difficult to achieve, particularly where 
groundwater levels are high. Comparison 
between boreholes and adjacent exposures 
suggests that in borehole samples the proportion 
of sand may be high_er and the proportion of 
fines and coarse gravel (+16mm) may be lower. 
Samples obtained by the bailing technique (that 
is, from deposits below the water-table) are 
indicated thus: $. 

15 Mean grading 
The grading of the full thickness of the mineral 
deposit identified in the log is the mean of the 
individual sample gradings weighted by the 
thickness represented. A grain size category 
with a mean grading between 0-1 % is indicated 
as 'trace'. The classification· used is shown in 
Table 19. Where two or more units of mineral 
are distinguished, the mean grading for each is 
given in addition to the combined calculation for 
all of the graded deposits. For multiple mineral 
units, each is designated by a letter, for 
example, a, b, etc. 



APPENDIX F: BRITISH GEOLOOICAL SURVEY BOREHOLE, SECTION AND SHALLOW PIT LOOS 

STRACHAN RESOURCE SHEET 

NO 68. NW 1 

Surface level c~144m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Caledonian 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

21 55 24 

6338 8961 The Drummels 

Lithology 

Soil; sandy, humic 

'Very clayey' sandy gravel 
{decomposed granite gruss) 
Gravei: fine, angular quartz 
and decomposed granite 
Sand: coarse with medium, 
angular quartz and granite 
Fines: silt and clay minerals 
formed of decomposed feldspar 
and mica. Moderate red 
{5R 4/6) 

Depth below 

surface (ml 

from to 

0.2- 2.8 

percentages 

Fines Sand 

-1/16 +l/i6-l/4 +l/4-1_ +1-4 

21 6 18 31 

5 

Overburden 0.2m 
Mineral II 2.6m+ 

Thickness Depth 

Gravel 

+4-16 

23 

m m 

0.2 

2.6+ 

0.2 

2.8 

+16-64 +64 mm 

1 0 



NO 68 NW 2 6386 8601 Miller's Bog 

Surface level c~85m 
Water struck at c~75;7m 
Section and Pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 
(Topset beds) 

(Foreset beds) 

Glaciolacustrine 
deposits 
(Bottomset beds) 

Lithology 

Soil, pebbly 

a 'Clayey' sandy gravel, with 
large scale trough 
cross-bedding; becoming cleaner 
below 0.9m depth 
Gravel: fine and coarse, 
subangular; coarse-grained pink 
-granite, with- some felsite, 
fine-grained basic rock and 
vein-quartz 

·san.a.: medium and coarse, angular 
to subangular granite, quartz 
and feldspar 
Fines: silt and clay, binding 
top 0.6m and draping trough 
cross-bedding; light brown 
(5YR 6/4) 

b Pebbly sand; well-sorted, in 
tabular cross-beds up to 10cm 
thick 
Gravel: fine, subangular, mainly 
granite 
Sand: coarse and medium, with 
some fine, angular quartz, 
feldspar and some mica 
Fines: mainly silt, forming 
·finely laminated partings; light 
brown (5YR 6/4) 

Sand and silt, interlaminated 
with silty clay; forming planar 
horizontal beds 2-8cm and 
mottled, light brown (5YR 5/6), 
yellowish grey (SY 7/2) and 
light olive grey (SY 5/2) 

6 

Overburden·o.3m 
Mineral I 6.8m 
Waste 0.7m 
Mineral I 1.5m 
Waste 2.0m+ 

Thickness Depth 

m m 

0.3 0.3 

2.8 3.1 

4.0 7.1 

0.7 7.8 



Fluvioglacial c Sandy gravel, forming tabular 1.5 9.3 
sand and gravel cross-beds 

Gravel: mainly fine, subangular 
granite 
Sand:mainly medium and coarse; 
subangular quartz, granite and 
feldspar; some mica 
Fines: silt and clay, as thin 
partings; light brown (5YR·5/6) 

Glaciolacustrine Silt and clay; firm,· especially 2.0+ 11.3 
deposits below 9.6m depth. Fine 

horizontal lamination. Mottled 
light brown (5YR 5/6) and light 
olive brown (5Y 5/6) 

Pit terminated, wet silty clay 
collapsing in from.the sides 

Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---. 

a . 17 58 25 0.3- 3.1 17 6 29 23 -15 10 0 

b 2 78 20 3.1- 7.1 2 10 33 35 20 trace 0 

C 4 67 29 7.8- 9.3 4 2 36 29 27 2 0 

a&b 8 70 22 Mean 8 8 32 30 18 4 0 

a-c 7 69 24 Mean 7 7 33 29 20 4 0 
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NO 68 NW 3 6410 8619 Glendye Lodge 

Surface level c+75m 
Water struck at ct69.2m 
250mm percussion 
July 1989 

LOG 

Geological 
classification 

Glaciolacustrine 
deposits 

?Flow-till 

Flm,ioglacial 
sand and gravel 

Till 

Lithology 

Soil; sandy and silty 

Clay; silty and sandy, stiff, a 
bed of clay-bound gravel from 
1.4 to 1.5m depth. Finely 
laminated, abundant carbonaceous 
fragments from 0;4 to 1.3m and 
below 1.5m depth. Finely-graded 
laminae(? varves) towards the 
base," light brown (5YR 5/6) to 
reddish orange (lOYR 6/6), 
becoming moderate reddish brown 
(lOYR 4/6) and light grey (N7) 
below the bed of gravel 

Clay-bound gravel, interbedded 
with sandy diamicton, stiff. 
Clasts mainly of pink granite. 
Moderate reddish brown 
(lOYR 4/6). 

Sandy gravel,·with a small lens 
of fine sand below 4.2m 
Gravei: fine and coarse, well
rounded to subrounded; 
porphyritic and equigranular 
white granite, often decomposed 
to kaolinite below 3.7m, some 
aplogranite 
_Sand: mainly coarse, subangular 
granite, quartz, and feldspar; 
some fine quartz and mica 
Fines: silt, disseminated, 
moderate brown (5YR 4/4) to 
3.2m, light brown (5YR 5/6) from 
3.2 to 4.lm. Strong iron and 
manganese stain below 4.4m 

Diamicton, clayey, stiff, 
angular clasts, mainly of 

8 

Overburden 
. Mineral I 
Waste 
Bedrock 

2.5m 
2.3m 
3.lm 
O.lm+ 

Thickness Depth 

m 

o.4 

1.8 

0.3 

2.3 

3.1 

m 

o.4 

2.2 

2.5 

4.8 

7.9 



Caledonian 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

5 56 39 

porphyritic felsite and 
megacrystic pink granite; some 
subrounded clasts of quartzite 
and psammite. Light brown (5YR 
5/6) to moderate reddish brown 
(lOR 4/6) 

Granite; fresh, coarse to 
medium-grained, pink to orange 
pink (lOR 7/5) 

Depth below 

surface (ml , percentages 

Fines Sand 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 

2.5- 3.7 5 5 18 34 

3.7- 4.8 6 5 16 35 

Mean 5 5 17 34 
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0.1+ 8.0 

Gravel 

+4-16 +16-64 +64 mm 

19 19 0 

22 16 0 

21 18 0 



NO 68 NW 4 

Surface level c..+145m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

2 33 65 

6304 8608 Black Hillocks 

Lithology 

Soil; humic to O.lm, silty below 

Gravel; clast-supported, 
becoming coarser with depth 
Gravel: coarse, cobble and fine, 
mainly angular to subangular 
coarse and medium-grained pink 
granite, some tabular felsite 
and"microgranite; sparse 
metamorphic clasts 
Sand: mainly coarse, angular 
granite, quartz and feldspar 
Fines: silt, disseminated, 
moderate brown (5YR 4/4) 

Pit terminated, bedded gravel 
collapsing in from the sides 

Depth below 

surface (m) 

from to 

0.3- 1.8 

1.8- 2.4 

Mean 

percentages 

Fines Sand 

-1/16 - +1/16-1/4 +1/4-1 +1-4 

3 3 12. 19 

1 1 9 23 

2 2 11 20 

10 

Overburden 0.3m 
Mineral I 2.lm+ 

Thiclmess Depth 

m 

0.3 

2.1+ 

m 

0.3 

2.4 

Gravel 

+4-16 +16-64 +64 mm 

37 20 6 

32 34 0 

36 25 4 



NO 68 NW 5 

Surface level c~178m 
Water.not struck 
Pit 
May, 1989 

LOG 

Geological 
classification 

Morainic drift 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

3 22 75 

6457 8871 

Lithology 

Soil, silty, humic 

Cobble gravel; angular boulders 
up to 50cm, between 2.0m and 
2.7m. Poorly-sorted, crude 
cross-bedding; a bed of silty 
fine sand between 1.5m and 
2.0m depth 
Gravel: cobble with some fine, 
rounded to subrounded; mainly 
coarse-grained pink granite, 
with some felsite and 
microgranite 
Sand: coarse and medium, 
angular, sharp; mainly granite, 
quartz and pink feldspar 
Fines: silt, disseminated, light 
brown {5YR 5/6) 

Pit terminated, pebbly sand 
collapsing in from the sides 

Depth below 

surface (ml 

from to 

0.1- 3.3 

percentages 

Fine.a Sand 

-1/16 +1/16-1/4 +1/4-1 +1-4 

3 1 10 11 

11 

Minster's Burn 

Soil O. lm 
Mineral I 3.2m+ 

Thickness Depth 

m 

0.1 

3.2+ 

m 

0.1 

3.3 

Gravel 

+4-16 +16-64 +64 mm 

16 4 55 



NO 68 NW·6 

Surface level c~133m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Morainic drift 

Flow-till 

6498 8924 South of Lady's Dowry 

Lithology 

Soil; humic 

Boulder gravel and diamicton; 
clast-supported cobbles and 
boulders up to 1.lm; poorly 
developed tabular cross
stratifi~ation in top metre. 
Clasts: poorly sorted, rounded 
to subrounded, coarse and 
medium-grained-pink,and.red 
granite; some angular pelitic 
schist, gneiss, psammite and 
pegmatite. Silt and clay, 
disseminated, moderate to light 
brown (5YR 4/4 - 5/6); binding 
deposit, especially below 1.5m 
depth 

Diamicton, firm, sandy clay and 
silt with tabular and 
subangular pebbles and cobbles 
of granite, banded psammite, 
semipelitic schist and 
porphyritic felsite. Moderate 
yellowish brown (lOYR 5/4); two 
thin beds of silt in top 0.2m 

12 

Waste 4.3m+ 

Thickness Depth 

m m 

0.2 

3.2 

0.9+ 

0.2 

4.3 



NO 68 NW 7 

Surface level c~182m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Morainic drift 

Caledonian 

6457 8871 Craigangower 

Lithology 

Soil, silty 

Pebbly clay silty and sandy. 
Strong orange 

Diamicton: sandy, with angular 
boulders and cobbles of 
coarse-grained pink granite up to 
0.8m: scattered pebbles of 
fine-grained basic igneous rock, 
felsite, psammite, microgranite 
and coarse-grained granodiorite. 
Clay, binding deposit below 1.3m 
depth 

Granite, fresh, coarse-grained, 
pale pink 
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Waste 2.2m 
Bedrock 0.2m+ 

Thiclmess 

m 

0.1 

o.4 

1. 7 

0.2+ 

Depth 

m 

0.1 

0.5 

2.2 

2.4 



NO 68 NW 8 6463 8959 Rouchanbeg 

Surface level c~126m 
Water not struck 
Pi·t 
May 1989 

LOG 

Geological 
classification 

Morainic drift 

Lithology 

Soil; sandy, humic 

Boulder gravel; poorly-sorted, 
·with crude horizontal bedding and 
a matrix of hard, friable silt 
and clay binding top 0.5m. 
Angular to subangular clasts up 
to 1.2m, chiefly coarse-grained 
piruc granit~•~_some_ f_elsite. Well
developed horizontal · 
stratification between 1.0m and 
1.3m depth. Moderate brown 
(5YR 4/4) 

Pit terminated on a layer of 
large boulders 

14 

Waste 

Thickness 

m 

0.1 

2.1+ 

2.2m+ 

Depth 

m 

0.1 

2.2 



NO 68 NW 9 

Surface level c.+121m 
Pit 

6406 8963 Rouchan 

Water struck at c~118.5m 
May 1989 

LOG 

Geological 
classification 

Alluvial fan 

Lithology 

Soil, sandy and humic 

Gravel; silty to 0.9m, becoming 
cleaner with abundant cobbles and 
boulders below 1.2m. A bed of 
interlaminated silt and sand 
containing charcoal fragments, 
infilling a shallow,channel from 
0.9m to 1.2m 
Gravel: cobble and coarse, with 
some fine, subangular to 
subrounded; mainly coarse, medium 
and fine-grained pink and orange 
granite, some felsite 
Sand: coarse and medium, 
subangular to angular, quartz and 
lithic grains, sharp, dirty 
Fines: silt and clay~ 
disseminated, dark orange brown, 
strong iron stain from 0.3 to 
0.9m depth; finely laminated silt 
and clay, filling channel, light 
olive grey (5Y 3/2) to black 
(Nl). Patches of clast-supported 
diamicton below 2.0m depth. 

Pit abandoned at water table, 
still in gravel 
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Overburden 0.3m 
Mineral I 2."2m+ 

Thiclmess 

m 

0.3 

2.2+ 

Depth 

m 

0.3 

2.5 



NO 68 NW 9 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

6 • 26 68 

Depth below 

surface (m) 

from to 

0.3- 1. 7 

1.7- 2.5 

Mean 

percentages 

Fines 

-1/16 

9 

2 

6 

Sand 

+l/16-1/4 +l/4-1 

5 

1 

3 

16 

14 

5 

11 

+1-4 

16 

7 

12 

Gravel 

+4-16 

16 

11 

14 

+16-64 

29 

17 

26 

+64 mm 

11 

57 

28 



NO 68 NE 1 

Surface level ~~140m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 
(Topset beds} 

(Foreset.beds} 

6528 8975 Dunniemore Quarry 

Lithology 

Soil; pebbly and sandy 

a Gravel, interbedded with coarse 
sand in horizontal units to 1.5m 
depth. Upper 3.0m cut by channel 
infilled with fine gravel and 

-cross-bedded sand 
Gravei: cobble with coarse and 
fine, in beds 0.5 to 1.0m thick. 
Well-sorted, bedded; claybound 
from 1.5m to 3.0m depth. Well
rounded to subangular, mainly 
coarse-grained pink granite, some 
felsite, banded psammite and 
fine-grained basic igneous rock. 
Sand: mainly coarse and medium, .. 
subangular to subrounded granite, 
quartz and feldspar 
Fines: silt and clay, 
disseminated, moderate yellowish 
brown (lOYR 5/4) to light brown 
(5YR 5/4) 

b Sandy gravel, in upward-fining 
trough cross-bedded units up to 
0.7m thick 
Gravei: mainly fine, subrounded 
to subangular, medium and 
fine-grained pink and white 
granite, with felsite, quartzite, 
porphyry, psammite and 
fine-grained gabbro 
Sand: medium and coarse, 
subangular and subrounded, 
granite, quartz and feldspar 
Fines: silt, disseminated, light 
brown (5YR 5/4) 

c Gravel: in tabular cross-bedded 
units, interbedded with trough 
cross-bedded fine sand with 
ripple-drift lamination 
Gravei: cobble and fine, with 
coarse, subrounded to subangular; 
mainly granite, with some 

17 

Overburden 0.4m 
Mineral I l6.3m+ 

Thickness Depth 

0.4 o.4 

4.3 4.7 

2.7 7.4 

9.3+ 16.7 



Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

a 5 28 67 

b 4 63 33 

C 3 46 51 

a&b 5 41 54 

a-c 4 43 53 

felsite, gabbro, porphyry and 
psammite 
Sand: mainly coarse and medium, 
subangular and subrounded quartz, 
granite and feldspar 
Fines: silt, disseminated, 
draping foresets and as basal lag 
on trough cross-bedded units; 
pale yellowish brown (lOYR 6/2). 
Angular and rounded intraclasts, 
up to 20cm of stiff waxy 
clay, from 16.3m depth; varigated 
light brown (5YR 5/6) to 
yellowish grey (5Y 7/2) 

Pit abandoned, sand and gravel 
collapsing in from the sides 

Depth below 

surface (m} percentages 

Fines Sand 

from to -1/16 +1/16-1/4 +1/4-1 ·+1-4 

0.4- 4.7 5 2 11 15 

4.7- 7.4 4 3 30 30 

7.4-12.2 3 4 17 24 

12.2-16.7 2 3 17 25 

Mean 3 4 17 25 

Mean 5 2 19 20 

Mean 4 '3 18 22 
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Gravel 

+4-16 +16-64 +64 mm 

14 18 35 

27 6 0 

12 31 9 

20 18 15 

15 24 12 

19 14 21 

17 20 16 



NO 68 NE 2 

Surface level c.+173m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Till 

6516 8880 Ord of Tillyfumerie 

Mineral I 
Waste 

Lithology 

Sandy gravel; interbedded with 
silty fine sand. Beds 20 to 30cm 
thick, becoming sandier with 
depth; some cross-bedded units 
and lenses of diamicton from 2.2m 
depth. Gravel in discrete 
upwardly fining lenses. 
Gravel: mainly fine with some 
coarse, occasional cobbles, 
tabular to subrounded; pale pink 
coarse-grained granite, some 
vein-quartz, psammite and 
felsite 
Sand: medium and coarse with 
fine, subangular quartz and pink 
feldspar; as thin graded beds . 

. Fines: silt and clay, firm, 
finely laminated; involuted and 
contorted, especially in top 
1. Om; modera t·e yellowish brown 
(lOYR 5/4) 

Diamicton, clayey and sandy, very 
stiff; subrounded and subangular 
boulders, up to 50cm, of 
coarse-grained pink granite, 
medium-grained granodiorite, and 
porphyritic felsite below 3.7m 
depth; occasional cobbles of 
aplite and vein-quartz. Moderate 
yellowish brown (lOYR 5/4) 

Pit abandoned in till 
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Thiclmess 

m 

1.3+ 

2.7m 
1.3m+ 

Depth 

m 

4.0 



NO 68 NE 2 
Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

8 67 25 

Depth below 

surface (ml 

from to 

o.o- 2.7 

percentages 

Fines Sand Gravel 

-1/16 +1/16-1/4 +1/4-1 -+1-4 +4-16 +16-64 +64 mm 

8 13 29 25 16 5 4 

20 



NO 68 NE 3 6553 8791 

Surface level c+175m 
Water struck at c+169.5m and ct165.9m 
250mm percussion 
July 1989 

LOG 

Scolly's Cross 

Overburden 
Mineral I 
Waste 
Mineral I 
Waste 
Mineral II 

0.3m 
3.5m 
O.lm 
1.4m 
3.4m 
0.2m+ 

Geological 
classification 

Lithology Thickness Depth 

Fluvioglacial 
sand and gravel 

Glaciolacustrine 
deposits 

Soil; sandy 

a Pebbly sand: a bed of silty 
micaceous ~and from 2.3m to 2.5m 
Gravel: fine, subangular to 
angular, granite and sparse 
felsite 
Sand: coarse with medium, 
subangular, quartz and feldspar; 
some granite 
Fines: silt and clay, 
disseminated; iron stain to 1.0m. 
Moderate brown (5YR 4/4) to pale 
yellowish brown (lOYR 6/2). Thin 
beds of laminated silt towards 
the base 

Silt: sandy, micaceous, firm, 
horizontally laminated. Moderate 
yellowish brown (lOYR 5/4) to 
light brown (5YR 5/6) 

b 'Clayey' pebbly sand 
Gravel: fine, subangular granite 
and sparse subrounded semipelite 
Sand: coarse and medium with 
fine, subangular, quartz, with 
some feldspar and mica 
Fines: silt and clay, 
disseminated and as thin 
discontinous finely laminated 
beds. A bed of sandy micaceous 
silt from 5.0m to 5.1m. Moderate 
brown (5YR 4/4) to moderate 
yellowish brown (lOYR 5/4) 

Silt, clayey, micaceous, stiff. 
Prominent lamination; moderate 
brown.(5YR 4/4) to moderate 
yellowish brown (lOYR 4/4) 
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m 

0.3 

3.5 

0.1 

1.4 

0.2 

m 

0.3 

3.8 

3.9 

5.3 

5.5 



Flow-till 

Till 

?Caledonian 

Diamicton, sandy and clayey, firm 
to friable. Fine angular clasts 
of medium-gra~ned pink granite 
and felsite; some vein-quartz and 
fine-grained basic rock. · 
Moderate brown (5YR 4/4) 

Sand, silty, medium to fine, 
quartz and feldspar. Moderate 
yellowish brown (lOYR 5/4) 

Diamicton, clayey and sandy, 
stiff. Clasts mainly fine, 
angular, medium-grained 
orange-pink granite, some 
felsite, vein-quartz and 
fine-grained basic rock. A bed 
of gravelly clay with abundant 
angular felsite clasts from 7.7m 
to 8.0m. Moderate reddish brown 
(lOYR 4/6) to 8.0m, strong 
reddish brown (lOR 3/6) towards 
the base. 

c Sandy gravel 
Gravel.: mainly fine, angular 
fragments Qf c:parse-grained , __ pirµ< 
and grey megacrystic granite 
Sand: coarse with medium, 
angular, granite, quartz and 
feldspar 
Fines: silt and clay minerals, 
formed of decomposed feldspar and 
mica 

Borehole terminated owing to 
slow progress; probably in 
decomposed granitic bedrock 
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0.1 5.6 

0.1 5.7 

3.4 9.1 

0.2+ 9.3 



NO 68 NE 3 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 3 84 13 0.3- 1.5 2 5 25 54 14 0 0 

1. 5- 2.5 3 8 29 50 9 1 0 

2.5- 3.8 4 12 38 31 15 0 0 

Mean 3 8 31 45 13 trace 0 

b 10 78 12 3.9- 5.0 8 17 31 31 12 1 0 

5.0- 5.3 17 25 21 28 9 0 0 $ 

Mean 10 19 29 30 11 1 0 

C 6 61 33 9.1- 9.3 6 5 24 32 28 5 0 $ 

a&b 5 83 12 Mean 5 11 30 42 12 trace 0 

a-c 5 81 14 Mean 5 11 30 40 13 1 0 
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NO 68 NE 4 

Surface level c+175m 
Water not struck 
250mm percussion 
July 1989 

LOG 

Geological 
classification 

Flow-till 

Fluvioglacial 
sand and gravel 

Glaciolacustrine 
deposits 

Flow-till 

Glaciolacustrine 
deposits 

Till 

6519 8630 Bridge Wood 

Lithology 

Soil; silty, firm 

Diamicton; silty and sandy; firm, 
becoming more sandy and friable 
with depth. Crude subhorizontal 
lamination and wisps of orange 
sand. Angular pebbles of 
granite. Light brown {5YR 5/6) 

Clayey gravel in beds 3-5cm 
thick, Fine angular gravel 
clasts·, -chiefly medium ~and
coarse-grained pink granite. 
Matrix mainly coarse to fine 
angular granite, quartz and 
feldspar sand; some silt and clay 
binding the deposit. Moderate· 
yellowish brown {lOYR 5/4) to 
light brown {5YR 5/6) 

Clay; silty, stiff, laminated. 
Mottled moderate reddish orange 
{lOR 6/6), light brown 
{5YR 5/6) and yellowish grey 
{5Y 7/2) 

Diamicton, friable; with a 
matrix of silty granitic sand. 
Sparse cobbles of reddish orange 
granite. Moderate reddish orange 
{lOR 6/6) 

Silt; firm, finely laminated, 
interbedded with coarse-grained 
pebbly granitic sand. Light 
brown {5YR 6/4) 

Diamicton; clayey, stiff. Angular 
clasts, chiefly coarse-grained 
reddish orange, dark grey and 
pink granite. Moderate reddish 
brown to moderate reddish orange 
{lOR 4/6-6/6) 
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Waste 
Bedrock 

3.5m 
0.6m+ 

Thickness Depth 

m 

o.4 

0.6 

0.5 

0.2 

0.1 

0.4 

1.3 

m 

0.4 

1.0 

1.5 

1. 7 

1.8 

2.2 

3.5 



Caledonian Aplogranite; fresh, fine to 
medium-grained, saccharoidal 
texture. Greyish orange pink 
(5YR 7/2) 
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0.6+ 4.1 



NO 68 NE 5 

Surface level c+142m 
Section and pit 
Water not struck 
June 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Glaciolacustrine 
deposits 

6543 8697 North East of Smithy Wood 

Lithology 

Soil, sandy 

Pebbly sand; cryoburtated above 
0.6m, becoming more·silty and 
sandy with depth 
Gravel: mainly fine, subangular 
pink granite; some angular 
felsite and vein-quartz 
Sand: coarse with medium and 
fine, subangular, quartz and 
feldspar; some fine mica 
Fines: silt and clay, 
disseminated; a bed of stiff 
finely laminated silty clay from 
0.6m to 0.9m. Pale yellowish 
brown (lOYR 6/2) to light brown 
(5YR 5/6) 

Silt and clay, stiff, waxy, 
massive; becoming sandy from 
6.6m. Mottled, light brown 
(5YR 5/6) and light olive grey 
(5Y 6/1) 

Clay, sandy and silty, horizontal 
lamination. Sparse rounded 
cobbles of granite (dropstones). 
Light olive grey (5Y 6/1) 

26 

Overburden 0.3m 
Mineral I 4.9m 
Waste 3.3m+ 

Thickness Depth 

m m 

0.3 

4.9 

2.6 

0.3 

5.2 

7.8 

8.5 



NO 68 NE 5 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

9 72 19 

Depth below 

surface (ml 

from to 

0.3- 5.2 

percentages 

Fines Sand Gravel 

-1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

9 9 27 36 16 3. 0 
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NO 68 NE 6 

Surface level c~138m 
Water not struck 
Pit 
June 1989 

LOG 

Geological 
classification 

Alluvium 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

16 82 2 

6551 8647 West of Heathery Wood 

Overburden 0.6m 
Mineral I 1.2m 

Lithology 

Soil, silty and sandy 

Silt; sandy, firm, moderate brown 
(5YR 4/4) 

'Clayey' sand 
Gravel: fine, subangular 
Sand: medium and fine, subrounded 
quartz and mica 
Fines: silt, disseminated, light 
brown (5YR 5/4); becoming mottled 
dark yellowish orange (lOYR 6/6) 
and light olive grey (5Y 6/1) 
below 1.0m depth 

Silt, stiff, micaceous, light 
olive grey (5Y 5/2) 

Boulder gravel; well-rounded, 
clasts of coarse-grained pink 
granite up to 60cm 

Pit abandoned on large granite 
boulders 

Depth below 

surface (ml 

from to 

0.6- 1.8 

percentages 

Fines Sand 

-1/16 +l/16-1/4 +1/4-1 +1-4 

16 33 42 7 

28 

Waste 0.2m+ 

Thickness 

m 

0.1 

0.5 

1.2 

0.1 

0.1+ 

Gravel 

Depth 

m 

0.1 

0.6 

1.8 

1.9 

2.0 

+4-16 +16-64 +64 mm 

2 trace 0 



NO 68 NE 7 

Surface level c~170m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

6513 8865 East of Tillyfumerie 

Lithology 

Soil, humic, sandy 

a Sandy gravel; crude horizontal 
stratification 
Gravel: fine and coarse, with 
some cobble; sparse J;'Ounded 
boulders of coarse-grained pink 
granite up to 30cm. Well-rounded 
and tabular clasts of 
coarse-grained granite with some 
psammite and quartzite; sparse 
porphyritic felsite and 
microgranite 
Sand: mainly coarse and medium, 
clean, angular quartz and pink 
feldspar 
Fines: silt, disseminated, 
moderate yellowish brown 
{lOYR 5/4) to greyish orange 
(lOYR 7/4) 

b Gravel, with well-developed 
tabular cross-stratification; 
silty at the base 
Gravel: coarse with medium and 
fine, some cobble; rounded 
granite, with some psammite and 
sparse fine-grained gabbro 
Sand: mainly coarse, subangular, 
granite, quartz and feldspar 
Fines: clay and silt, mainly 
d{sseminated; discrete thin beds 
of clayey silt in basal 0.2m. 
Light brown (5YR 6/4) 

c Gravel, interbedded with sandy 
silt above 5. 9m 
Gravel: cobble, with some coarse 
and·fine, mainly rounded, coarse 
and medium-grained pink granite 
Sand: mainly coarse and medium, 
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Overburden 0.3m 
Mineral I 8.8m 
Waste 0.8m+ 

Thiclmess 

m 

0.3 

2.2· 

i.4 

3.0 

Depth 

m 

0.3 

2.5 

4.9 

7.9 



Till 

subangular, granite, quartz and 
feldspar 
Fines: silt, with fine 
cross-lamination; light brown 
(5YR 6/4) 

d 'Clayey' gravel; prominent 
cross-stratification 
Gravel: fine, with some coarse 
and cobble; sparse rounded 
boulders of porphyritic felsite 
and pink granite up to 30cm. 
Mainly subangular to subrounded, 
coarse-grained pink granite, 
tabular psammite and porphyritic, 
felsite 
Sand: coarse with some medium, 
subangular, granite, quartz and 
feldspar 
Fines: silt and clay, 
disseminated, moderate brown 
(5YR 4/4) 

Diamicton, clayey and sandy, 
stiff, subangular to subrounded 
clasts of coarse-grained pink 
granite and_ $ranodiorite; 
'flat-iron' clasts of psammite 
and-semipelite and sparse calc
silicate. Moderate brown 
(5YR 4/4) 

30 

1.2 9.1 

o.B+ 9,9 



NO 68 NE 7 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 4 48 48 0.3- 2.5 4 5 19 24 24 16 8 

b 5 31 64 2.5- 4.9 5 4 13 14 18 37 9 

C 2 29 69 4.9- 7.9 2 3 11 15 10 8 51 

d 10 31 59 7.9- 9.1 10 2 9 20 35 17 7 

a&b 5 38 57 Mean 5 4 16 18 21 28 8 

b&c 3 30 67 Mean 3 4 12 14 14 21 32 

a-c 3 35 62 Mean 3 4 14 17 17 19 26 

a-d 4 34 62 Mean 4 3 13 18 20 19 23 

. I 
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NO 69 SW 1 6030 9133 Blackhole 

Surface level ct118m 
Water Struck at ct116.6m 
250 and 200mm percussion 
June 1989 

LOG 

Geological 
classification 

Alluvium 

Fluvioglacial 
sand and gravel 

Glaciolacustrine 
deposits 

Fluvioglacial 
sand and gravel 

Lithology 

Soil, sandy and silty 

a Sandy gravel 
Gravel: fine and coarse, 
subangular to subrounded, mainly 
granite 
Sand: coarse and medium, angular 
to subrounded quartz and 
feldspar; some mica and lithic 
grains 
Fines: silt, disseminated 

b Pebbly sand, becoming silty 
below 5.3m 
Gravel: fine, subangular granite 
and vein-quartz 
Sand; medium and coarse, with 
some fine, subangular, quartz, 
feldspar, mica and some lithic 
grains 
Fines: silt, disseminated, 
moderate yellowish brown 
{lOYR 5/4) 

Silt, with thin stringers of 
gravel, firm, feint lamination 
and scattered dark carbonaceous 
specks. Moderate yellowish 
brown {lOYR 5/4) to moderate 
reddish brown {5YR 4/4) 

c Gravel, with cobbles of 
megacrystic pink and grey 
granite up to 20cm, below 10.3m 
Gravel: coarse and fine, 
subangular, pink and grey 
granite, aplogranite and some 
semipelitic gneiss 
Sand: coarse with medium, quartz 
and feldspar 
Fines: little, disseminated 

d Sandy gravel; cobbles towards 
the top 
Gravel:fine with coars~ •. 
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Overburden 
Mineral I 
Waste 
Mineral I 

Thickness 

m 

0.3 

2.9 

4.2 

0.8 

2.1 

4.6 

0.3m 
7 .lm 
0.8m 
8.8m+ 

Depth 

m 

0.3 

3.2 

8.2 

10.3 

14.9 



subangular to subrounded, 
medium-grained biotite granite, 
coarse-grained pink granite, 
aplite and porphyritic 
aplogranite 
Sand: coarse with medium, 
subangular, granite, quartz and 

.feldspar 
Fines: silt, disseminated, 
moderate brown to light brown 
(5YR 4/4-5/6) 

e Gravel 
Gravel: fine with coarse and 
cobble, subangular to 
subrounded, medium and 
coarse-grained granite; sparse 
aplogranite 
Sand: coarse with medium, 
subangular, granite, quartz and 
feldspar · 
Fines: litttle, disseminated, 
moderate to light brown 
(5YR 4/4-5/6) 

Borehole terminated owing to 
obstruction, possibly bedrock 
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2.1+ 



NO 69 SW 1 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 3 67 30 0.3- 1.3 4 7 26 31 17 15 0 

1.3- 3.2 3 5 26 36 19 11 0 $ 

Mean 3 6 26 35 18 12 0 

b 3 91 6 3.2- 5.3 1 7 51 36 5 0 0 $ 

5.3- 7.4 5 15 31 41 8 0 0 $ 

Mean 3 11 41 39 6 0 0 

C 1 47 52 8.2- 8.9 1 4 13 29 20 33 0 $ 

8.9-10.3 1 5 13 30 19 14 18 $ 

Mean 1· 5 13 29 20 20 12 

d 1 64 .. 35 10.3-11.8 · 2·. . 2 15 C 39~ 24 ·8 10 · $ 

11.8-13.0 1 2 21 62 8 6 0 $ 

13.0-13.5 1 1 9 44 28 17 0 $ 

13.5-14.9 0 2 14 40 33 11 0 $ 

Mean 1 2 15 47 23 9 3 

e 1 49 50 14.9-17.0 1 2 11 36 22 16 12 $ 

a&b 3 81 16 Mean 3 9 35 37 11 5 0 

c&d 1 58 41 Mean 1 3 15 40 22 13 6 

c-e 1 55 44 Mean 1 3 14 38 22 14 8 

a-e 2 67 31 Mean 2 5 23 39 17 10 4 
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NO 69 SW 2 

Surface level c~120m 
Water not struck 
Section.and pit 
June 1989 

LOG 

Geological 
classification 

Flow-till 

Dalradian 

6018 9242 Finzean 

Lithology 

Soil, humic clay with large 
angular clasts 

'Clayey' sandy gravel; very 
stiff, cryoturbated at the top, 
traces of cross-stratification 
below 1.0m depth; passing down 
into massive sandy diamicton 
below 2.6m 
Gravei: cobble with fine and 
coarse; some angular boulders up 
to 90cm at 2.4m depth. Angular 
to subrounded, pink granite, 
felsite, fine-grained amphibolite 
and porphyritic felsite 
Sand: coarse with medium and 
fine, angular granite 
Fines: silt and'clay, binding 
deposit. Moderate yellowish 
brown (lOYR 5/4) to 2.6m; light - -
to moderate brown (5YR 5/6-4/4) 
from 2.6m to 3.8m depth 

Semipelitic schist, decomposed to 
micaceous, silty clayey sand; 
iron stain. Moderate olive brown 
(5Y 4/4) 
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Overburden 0.3m 
Mineral II 4.6m 
Bedrock o .. 7m+ 

Thickness Depth 

m m 

0.3 0.3 . 

4.6 4.9 

0.7+ 5.6 



NO 69 SW 2 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

16 56 28 

Depth below 

surface (m) 

from to 

0.3- 4.9 

percentages 

Fines Sand Gravel 

-1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

16 10 17 29 11 5 12 

36 



NO 69 SW 3 

Surface level c*184m 
Water not struck 
Section and pit 
June 1989 

LOG 

Geological 
classification 

Caledonian 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

7 so 43 

6o41 9031 Bogmore Sand Pit 

Lithology 

Soil; humic, sandy 

Sandy gravel (granite gruss} 
Gravel: fine with some coarse, 
angular fragments of 
coarse-grained, pale pink and 
white megacrystic granite 
Sand: mainly coarse, angular, 
granite, quartz and feldspar 
Fines: clay minerals, formed of 
decomposed feldspar and mica. 
Several cross-cutting veins of 
aplite decomposed to grey clay 

Granite, hard, fresh, 
coarse-grained, white and pink 
granite; pat;ches of decomposed 
material 

Depth below 

surface (ml percentages 

Fines Sand 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 

0.1- 5.5 7 6 14 30 
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Overburden O. lm 
Mineral n·5.4m 
Bedrock 0.5m+ 

Thickness Depth 

Gravel 

+4-16 

35 

m 

0.1 

5.4 

0.5+ 

+16-64 

8 

m 

0.1 

5.5 

6.0 

+64 mm 

0 



NO 69 SW 4 

Surface level c.+122m 
Water not struck 
Section and pit 
June 1989 

LOG 

Geological 
classification 

Morainic drift 

6056 9124 East of Burn of Curbay 

Overburden 
Mineral I 
Waste 
Mineral I 

0.2m 
1.5m 
O.lm 
1.6m+ 

Lithology Thiclmess Depth 

Soil; sandy, pebbly and humic 

a Gravel; poorly sorted, 
clast-supported, clay-bound at the 
top 
Gravel: cobble with coarse and 
fine; some boulders up to 60cm; 
subrounded to angular, medium and 
fine-grained pink granite and 
occasional felsite 
Sand: coarse and medium, in 
cross-bedded units 0.3m thick; 
angular, sharp, quartz and 
feldspar 
Fines: silt and clay, 
disseminated. Iron stain below 
0.4m, dark yellowish orange 
(lOYR 6/6) 

Silt, sandy, micaceous, laminated, 
light brown (5YR 6/4) to pale 
yellowish brown (lOYR 6/2) 

b Sandy gravel; poorly strat~fied 
to massive below 2.5m 
Gravel: fine and coarse with 
cobble, boulders up to 90cm; 
angular, coarse, medium and 
fine-grained pink granite 
Sand: coarse and medium, angular 
to subangular quartz, feldspar and 
gr~ite · 
Fines: silt, disseminated, light 
brown (5YR 5/4) 

Pit abandoned owing to 
obstruction. Large boulders of 
felsitic porphyry at bottom of pit 

m m 

0.2 

1.5 

0.1 

1.6+ 

0.2 

1;7 

1.8 

3.4 



NO 69 SW 4 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 2 41 57 0.2- 1.7 2 1 18 22 8 11 38 

b 4 SS 41 1.8- 3.4 4 9 21 25 18 17 6 

a&b 3 48 49 Mean 3 5 19 24 13 14 22 
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NO 69 SW 5 6166 9278 - Boghead 

Surface level c~i13m 
Water struck at c~lll.3m 
Pit 
June 1989 

LOG 

Geological 
classification 

Alluvium 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

14 71 15 

Lithology 

Made ground, silty loam 

'Clayey' pebbly sand, with 
horizontal stratification 
Gravel: fine, subrounded to 
subangular, gran{te, schist and 
psammite; some vein-quartz and 
semipelite 
Sand: coarse, with medium and 
some fine, angular to 
subangular, quartz and feldspar, 
with some lithic grains 
Fines: silt and clay, 
disseminated; light olive grey 
(5Y 5/2) to light olive brown 
(5Y 5/5) 

Pit collapsing below the water 
table, still in sand and gravel 

Depth below 

surface (ml 

from to 

0.5- 2.0 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +l/4-1 +1-4 

14 11 24 36 
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Overburden 0.5m 
Mineral I 1.5m+ 

Thickness Depth 

m 

0.5 

1.5+ 

Gravel 

m 

0.5 

2.0 

+4-16 +16-64 +64 mm 

13 2 0 



·NO 69 SW 6 6105 9120 South West of Easter Clune 

Overburden 0.3m 
Mineral I 4.7m 

Surface level c~124m 
Water not struck 
Section and pit 
June 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
{Esker) 

Till 

Lithology 

Soil, sandy and pebbly; 
scattered granite boulders 

Cobble gravel; clast-supported, 
cross-stratification dipping at 
high angles towards the flanks 
of the ridge · 
Gravel: cobble, coarse and 
fine, poorly sorted; boulders 
of granite up to 60cm. Mainly 
rounded to well-rounded with 
some subangular; coarse, medium 
and fine-grained pink, white 
and red granite, sparse 
quartzite. A bed of manganese 
stained gravel below 4.6m 
Sand: coarse with some medium, 
angular to subangular, quartz, 
feldspar and granite; mainly 
clean and sharp 
Fines: silt and clay, 
diss.eminated; binding the 
deposit, especially in the top 
1.0m. Greyish orange 
{lOYR 7/4) to 2.2m, yellowish 
brown {lOYR 5/2) towards the 
base 

Diamicton, clayey, firm, poorly 
stratified. Abundant angular 
blocks and subangular boulders 
of granite. Mottled light 
brown {5YR 5/6) and pale 
yellowish brown {lOYR 6/2) 

41 

Waste 1.6m+ 

Thickness Depth 

m m 

0.3 0.3 

4.7 

1.6+ 6.6 



NO 69 SW 6 
Grading 

Mean for Deposit 

percentages 

Pines Sand Gravel 

2 31 67 

Depth below 

surface (m) 

from to 

0.3- 2.2 

2.2- 4.0 

4.0- 5.0 

Mean 

percentages 

Pines Sand 

-1/16 +1/16-1/4 

2 1 

1 2 

3 1 

2 1 
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Gravel 

+1/4-1 +1-4 +4-16 +16-64 +64 mm 

5 26 14 25 27 

17 15 15 18 32 

6 18 15 15 42 

10 20 15 20 32 



NO 69 SW 7 

Surface level c+118m 
Water not struck 
Pit 
June 1989 

LOG 

Geological 
classification 

Morainic drift 

? Caledonian 

6118 9121 South of Easter Clune 

Lithology 

Soil; humic, sandy; angular 
blocks of granite up to 1.0m 

Diamicton; sandy and silty, 
unstratified. Abundant angular 
blocks, boulders and cobbles of 
coarse-grained granite. Light 
brown {5YR 5/6) 

Granite; fresh, angular blocks 
of coarse-grained, pegmatic 
grey-pink granite 

Pit abandoned on large angular 
granite blocks 

43 

Waste 1.5m 
?Bedrock O.lm+ 

Thickness Depth 

m m 

0.2 0.2 

1.3 1.5 

0.1+ 1.6 



NO 69 SW 8" 

Surface level c~125m 
Water not struck 
Pit· 
June 1989 

LOG 

· Geological 
classification 

Glacial sand 
and gravel 
(Esker) · 

6113 9100 . Wood of Eas~er Clune 

Lithology 

Soil, humic 

a Gravel, clast-supported, 
becoming more sandy below 1.5m 
Gravel: coarse and cobble, with 
some fine; some subangular 
boulders up to 50cm. Mainly 
subangular; coarse, medium 
and fine-grained red and pink 
granite, sparse felsite 
Sand: mainly coarse, subangular 
=to. angular, quartz. feldspar and 
granite 
Fines: silt and iron stain, 
disseminated, dark yellowish 
orange (lOYR 6/6) 

b Pebbly sand 
Gravel: fine with·some coarse, 
rounded to subangular, medium and 
fine-grained red, pink and white 
granite, some felsite and sparse 
fine-grained basic rock 
Sand: coarse with medium, 
subangular quartz and feldspar, 
with some granite 
Fines: silt, disseminated, light 
brown (5YR 6/4) 

Pit abandoned, sand and gravel 
collapsing in from the sides 

44 

Overburden O.lm 
Mineral I 4.5m+ 

Thickness Depth 

m m 

0.1 

2.0 

2.5+ 

0.1 

2.1 

4.6 



NO 69 SW 8 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 1 37 62 0.1- 2.1 1 1 12 24 14 25 23 

b 2 74 24 2.1- 4.6 2 trace 24 50 17 7 0 

a&b 1 58 41 Mean 1 1 18 39 16 15 10 
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NO 69 SW 9 6210 9184 East of Ordie 

Surface level c~103m 
Water struck at c~100.8m 
250mm percussion 
June 1989 

LOO 

Geological 
classification 

Alluvium 

Fluvioglacial 
sand and gravel 

? Till 

Lithology 

Soil, humic and clayey 

a Gravel 
Gravei: coarse with cobble and 
fine, subrounded to subangular, 
medium and fine-grained red and 
pink granite 
Sand: coarse with medium, angular 
to subangular, quartz and 
feldspar 
Fines: silt and iron stain, 
disseminated, 0 binding the top of 
the deposit, orange brown 

b Sandy gravel; thin beds of 
cobbles at 2.9m and 3.6m 
Gravei: fine with coarse and 
cobble, rounded to angular, 
coarse, medium and fine-grained 
red and pink granite, with some 
felsite, grey psammite and vein
quartz; sparse gabbro and 
semipelite. Abundant fragments 
of decomposed granite from 4.5m 
to 4.7m 
Sand: coarse with medium, angular 
to subangular quartz, some 
feldspar, lithic grains and 
hydrolyzed mica 
Fines: silt and clay, 
disseminated, moderate reddish 
brown (lOYR 4/6) to moderate 
reddish orange {lOR 5/6) above 
4.5m; moderate yellowish brown 
(lOYR 5/4); binding deposit from 
4,5m to 5,4m 

Diamicton, with a matrix of silty 
and clayey granite sand. Angular 
clasts, mainly of granite; 
abundant grains of hydrolyzed 
mica. Dark yellowish brown 
(lOYR 4/2) 
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Overburden 
Mineral I 
Waste 
Bedrock 

0.4m 
5,0m 
0.6m 
o.4m+ 

Thickness Depth 

m m 

0.4 

1.5 

3,5 

0.6 

o.4 

1.9 

5.4 

6.0 



Caledonian Granite, decomposed to clayey 0.4+ 6.4 
angular granite sand. Mainly 
pinkish grey (5YR 8/1) to white 
(N9); becoming moderate yellowish 
brown (lOYR 5/4) with depth 

Grading 

Hean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 3 30 67 0.4- 1.9 3 3 10 17 11 37 19 

b 4 60 36 1.9- 2-? 6 6 19 32 18 12 7 $ 

2.9- 4.5 4 4 24 39 19 10 0 $ 

4.5- 5.4 3 4 15 34 17 2 25 $ 

Mean 4 5 20 35 18 9 9 

a&b 4 51 45 Mean 4 4 17 30 16 17 12 
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NO 69 SW 10. 6261 9159 South of Ennochie 

Surface level c~107m 
Water struck at c~104.lm 
Section and pit 
June 1989 

LOG 

Geological 
classification 

Caledonian 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

5 74 21 

Lithology 

Soil, with angular granite 
fragments 

a Pebbly sand (granite gruss) 
Gravel: fine angular fragments 
of coarse-grained granite 
Sand: mainly coarse, angular, 
granite, quartz and feldspar 
Fines: silt and clay minerals 
formed of decomposed feldspar and 
mica.". GreyTsh red (lOR 4/2) to 
moderate brown (5YR 3/4) 

Pit collapsing below water table 

Depth below 

surface (m) 

from to 

0.3- 3.3 

percentages 

Fines Sand 

-1/16 +l/16-1/4 +l/4-1 +1-4 

5 7 17 50 
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Overburden 0.3m 
Mineral II 3.0m+ 

Thickness Depth 

m m 

0.3 0.3 

3.0+ 3.3 

Gravel 

+4-16 +16-64 +64 mm 

21 trace 0 



NO 69 SW 11 6250 9107 Moss of Powlair 

Surface level c~108m 
Water struck at c~105.2m 
Pit 
June 1989 

LOG 

Geological 
classification 

Morainic drift 

Lithology 

Soil: humic and sandy; scattered 
angular boulders up to 60cm 

Diamicton: sandy, poorly developed 
stratification. Abundant rounded 
to subangular cobbles and 
boulders, mainly granite. 
Moderate yellowish brown to 
greyish orange (lOYR 5/4-7/4) 

Sandy gravel: well developed 
subhorizontal bedding, iron and 
manganese stained above 1.2m 
Gravel: coarse with fine and 
cobble, some boulders up to 20cm 
below 1.9m: rounded to subrounded, 
medium to coarse-grained white and 
pink granite, with some psammite, 
quartzite, vein-quartz: sparse 
acid volcanic rock and pegmatite 
Sand: coarse with medium, 
subangular to angular, quartz and 
some feldspar: clean, sharp 
Fines: iron and manganese staining 
towards the top. Silt and clay, 
disseminated, pale yellowish brown 
(lOYR 6/2) below 1.9m depth 

Pit collapsing below the water 
table, still in sand and gravel 

49 

Overburden 0.8m 
Mineral I 2.0m+ 

Thiclaless Depth 

m m 

0.3 0.3 

0.5 0.8 

2.0+ 2.8 .. 



NO 69 SW 11 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

3 50 47 0.8- 1.9 1 1 19 33 12 20 14 

1.9- 2.8 4 1 16 34 13 17 15 

Mean 3 1 18 31 13 19 15 
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NO 69 SW 12 

Surface level cf98m 
Water struck at cf96.3m 
Pit 

6286 9179 South East of Ennochie 

Waste 1.9m+ 

June 1989 

LOG 

Geological 
classification 

Alluvial fan 

Lith_ology 

Soil, humic 

Clay: silty, stiff, sparse 
boulders; sandy below 0.6m depth. 
Mottled light olive grey (5Y 6/1) 
and light brown (5YR 5/6) 

Clay; gravelly and silty, 
horizontally bedded. Rounded to 
well-rounded clasts, chiefly of 
medium-grained red granite; some 
psammite. Olive grey (5Y 3/2) to 
greyish green (lOGY 5/2) 

Pit collapsing below water table; 
still in gravelly clay alluvial 
deposit 
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Thickness Depth 

m m 

0.3 

0.6 

1.0+ 

0.3 

0.9 

1.9 



NO 69 SW 13 

Surface level c.+99m 
Water struck at c~96.3m 
Pit 

6320 _9139 South West of Balblythe 

Overburden 0.9m 
Mineral I 2.lm 

June 1989 

LOG 

Geological 
classification 

Alluvial fan 

? Flow-till 

Lithology 

Soil, sandy and humic 

Silty loam; sandy and clayey, 
soft, friable. Moderate yellowish 
brown {lOYR 5/4). Scattered 
subangular boulders of granite 

Sandy gravel, becoming more sandy 
with depth to 2.5m; subhorizontal 
stratification marked by iron and 
manganese pans at 1.lm and 1.3m 
depth 
Gravel: coarse with cobble and 
fine, rounded to well-rounded, 
coarse and medium-grained pink, 
red and white granite. Abundant 
rounded boulders up to 20cm 
Sand: mainly coarse, subangular 
quartz and felspar 
Fines: silt and clay, 
disseminated, binding top of 
deposit and as thin beds of silty 
clay from 2.9m. Light brown 
{5YR 5/6} to moderate yellowish 
brown {10YR·5/4} to 2.5m, pale 
yellowish brown {lOYR 6/2} below 

Clay, sandy, silty, stiff, pale 
yellowish brown {lOYR 6/2} 

Pit collapsing below water table 

52 

Waste O.lm+ 

Thiclmess Depth 

m m 

0.4 

0.5 

2.1 

0.1+ 

o.4 

0.9 

3.0 

3.1 



NO 69 SW 13 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

5 51 44 

Depth below 

surface (ml 

from to 

0.9- 2.5 

2.5- 3.0 

Mean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 

4 4 

11 7 

5 4 
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Gravel 

+1/4-1 +1-4 +4-16 +16-64 +64 mm 

18 25 9 28 12 

20 35 10 17 0 $ 

19 28 9 26 9 



NO 69 SW 14 

Surface level c~113m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Morainic drift 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

2 28 70 

6322 9069 West of Cuttie's Wood 

Overburden 0.2m 
Mineral I 2.6m+ 

Lithology 

Soil, humic 

Boulder and cobble gravel, 
horizontally bedded 
Gravel: cobble with fine and 
coarse; abundant subangular and 
well-rounded boulders of 
coarse-grained pink granite up to 
70cm. Mainly rounded to well
rounded granite, occasional 
felsite 
Sand:~ mainlrcoarse, binding 
clasts, angular to subangular; · 
quartz, feldspar and granite 
Fines: iron stain to 1.2m; silt, 
disseminated, moderate brown 
(5YR 4/4} 

Pit terminated, gravel collapsing 
in from the sides 

Depth below 

surface (ml 

from to 

0.2- 2.8 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +l/4-1 +1-4 

2 1 7 20 
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Thickness Depth 

Gravel 

+4-16 

14 

m 

0.2 

2.6+ 

m 

0.2 

2.8 

+16-64 ·+64 mm 

15 41 



NO 69 SW 15 . 

Surface level c~112m 
Water pot struck 
Pit 
June 1989 

LOG 

Geological 
classification 

Alluvial fan 

6294 9080 N.W. of Ord of Cuttieshillock 

Lithology 

Soil, sandy 

a 'Clayey' sandy gravel, becoming 
less pebbly with depth · 
Gravel: fine with coarse, rounded 
to subangular, mainly 
medium-grained pink granite, some 
coarse-grained granite . 
Sand: medium and coarse with fine, 
quartz with feldspar and some 
granite 
Fines: silt, disseminated, dark 
yellowish orange (lOYR 6/6) 

Silt, sandy, firm; pale yellowish 
brown (lOYR 6/2) to light brown 
(5YR 6/4); passing down into olive 
grey and light olive grey 
(5Y 3/2- 5/2) clayey silt with 
carbonaceous grains.·· Scattered 
pebbles and charcoal fragments 
(? palaeosol) from 1.2m to 1.3m 

b Gravel, silty, firm; 
horizontally bedded, in units up 
to 50cm thick 
Gravel: coarse with cobble and 
fine, well-rounded to rounded, 
medium and fine-grained pink 
granite, with some felsite, 
semipelite and pegmatite 
Sand: coarse with medium, 
subangular to angular, mainly 
quartz and feldspar, some coarse 
granite 
Fines: silt and clay, 
disseminated, pale yellowish brown 
(lOYR 6/2) to light olive grey 
(5Y 6/1). Thin partings of olive 
grey silt with charcoal grains 
above 2.lm; beds of varigated 
light brown (5YR 6/4), strong 
orange and yellowish grey (5Y 7/2) 
sandy silt, below 2.3m 
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Overburden 
Mineral I 
Waste 
Mineral I 

0.3m 
o.6m 
o.4m 
1.4m+ 

Thickness Depth 

m m 

0.3 

o.6 

o.4 

1.4+ 

0.3 

0.9 

1.3 



Pit terminated, sand and gravel 
col·lapsing in from the sides 

Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 10 60 30 0.3- 0.9 10 16 23 21 18 12 0 

b 4 43 53 1.3- 2.7 4 3 14 26 15 22 16 

a&b 6 48 46 Mean 6 7 16 25 16 19 11 



NO 69 SW 16 

Surface level c~133m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
(Esker) 

6341 9013 Ord of Cuttieshillock 

Overburden 0.3m 
Mineral I 4.2m+ 

Lithology 

Soil, humic, pebbly 

a Gravel; clay-bound to 0.7m: 
cleaner, iron stained, with well
developed low-angle tabular cross
bedding dipping towards the flanks 
of the ridge from 0.7m to 1.5m 
Gravei: cobble, with some coarse 
and fine, fines downwards; 
subrounded, mainly coarse-grained 
pink granite, with some felsite, 
felsitic porphyry and psammite, 
sparse amphibolite 
Sand: mainly coarse, subangular, 
granite, quartz and feldspar 
Fines: iron stain, moderate brown 
(5YR 3/4) 

b Sandy gravel, becoming more 
pebbly below 3.9m 
Gravei: fine with coarse and some 
cobble, subrounded coarse-grained 
pink granite, sparse grey granite 
and felsite 
Sand: coarse with medium, 
subangular feldspar and quartz; 
clean, sharp 
Fines: silt, little, 
diesseminated, light brown 
(5YR 5/6) 

Pit terminated, sand and gravel 
collapsing in from the sides 
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Thickness Depth 

m m 

0.3 

1.2 

3.0+ 

0.3 

1.5 

4.5 



NO 69 SW 16 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

a 1 33 66 0.3- 1.5 1 trace 9 24 9 13 44 

b 2 73 25 1. 5- 3.9 2 1 30 50 11 6 0 

3.9- 4.5 1 1 15 25 17 21 20 

Mean 2 1 27 45 12 9 4 

a&b 1 63 36 Mean 1 1 22 40 11 10 15 
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NO 69 SW 17 

Surface level c~128m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Morainic drift 

Caledonian 

6342 9025 W. of Ord of Cuttieshillock 

Waste 1.5m 
Bedrock O.lm+ 

Lithology 

Soil; humic, large subangular 
boulders of granite 

Diamicton, clayey and silty, 
friable. Abundant angular and 
rounded cobbles and boulders of 
coarse-grained pink granite, grey 
granite and felsite, up to 80cm; 
passing down into clay-bound sandy 
boulder gravel with fewer cobbles 
below 1.3m: occasional tabular 
metamorphic clasts. Greyish 
orange to moderate yellowish brown 
(lOYR 7/4-5/4) 

Granite, boulders and angular 
blocks 

Digger scraping on interlocking 
blocks of granite in base of pit 
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Thickness Depth 

m m 

0.3 0.3 

L2 1.5 

0.1+ 1.6 



NO 69 SW 18 

Surface level c~105m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Morainic drift 

6356 9114 South of Balblythe 

Overburden 0.3m 
Mineral I 1.0m 

Lithology 

Soil, sandy and humic 

Gravel; becoming cleaner with 
depth, well sorted, bedded 
Gravel: coarse and fine, some 
cobble up to 30cm; subrounded to 
subangular, coarse and 
fine-grained pink granite, with 
some felsite, semipelite and 
psammite 
Sand: mainly coarse~ -subangular 
quartz and feldspar 
Fines: silt, disseminated, 
moderate brown (5YR 3/4) 

Diamicton, passing laterally into 
boulder gravel; clasts mainly 
subangular to subrounded boulders 
of coarse and fine-grained pink 
granite up to 60cm; some felsite 
and sparse amphibolite. Matrix of 
silty, clayey, coarse sand; 
moderate yellowish brown 
(10YR 5/4) 

Digger scraping on boulders or 
bedrock, no sample recovery 
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Waste 0.9m+ 

Thickness Depth 

m m 

0.3 

1.0 

0.9+ 

0.3 

1.3 

2.2 



NO 69 SW 18 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

2 42 56 

Depth below 

surface (ml 

from to 

0.3- 1.3 

percentages 

Fines Sand Gravel 

-1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

2 1 9 32 21 26 9 
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NO 69 SW 19 6372 9185 Balblythe 

Surface level c~93m 
Water struck at c~89.6m 
250mm percussion 
June 1989 

LOG 

Geological 
classification 

Alluvium 
{Terrace) 

Flow-till 

Caledonian 

Lithology 

Soil, loamy 

a Gravel 
Gravei: coarse and fine, ·with some 
cobble, mainly granite, psammite 
and semipelite 
Sand: mainly coarse, subangular 
quartz and feldspar 
Fines: silt, disseminated and as 
parting of silty clay at 1.7m 
depth; moderate brown {5YR 4/4) 

b 'Clayey' pebbly sand, with a 
bed of silty sand from 3.0m to 
3.5m 
Gravei: fine, subrounded, mainly 
decomposed granite 
Sand: medium and coarse, with 
fine, angular granite, quartz and 
feldspar 
Fines: silt and clay, binding 
deposit, greyish orange pink 
{5YR 7/2) 

Granite, decomposed to coarse 
angular sand; partly kaolinised 
below 6.3m 

Granite , fresh, pale pink and 
grey mesogranite 
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Overburden 0.4m 
Mineral I 1.7m 
Mineral II 4.0m 
Bedrock 0.5m+ 

Thickness Depth 

m m 

o.4 

1. 7 

4.0 

0.2 

0.3+ 

0.4 

2.1 

6.1 

6.3 

6.6 



NO 69 SW 19 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

a 4 45 51 0.4- 2.1 4 3 12 30 18 25 8 

b 13 80 7 2.1- 3.5 12 17 29 34 8 0 0 $ 

3.5- 6.1 14 17 33 30 6 0 0 $ 

Mean 13 17 32 31 7 trace 0 

a&b 11 68 21 Mean 11 13 26 29 10 8 3 
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NO 69 SW 20 6349 9209 Little Ennochie 

Surface level c~96m 
Water struck at c~92.9m 
250mm percussion 
June 1989 

LOG 

Geological 
classification 

Alluvium 
(Terrace} 

Flow-till 

Fluvioglacial 
sand and gravel 

? Till 

Lithology 

Soil, pebbly and sandy 

a Sandy gravel; more pebbly below 
2.0m 
Gravel: coarse with cobble and 
fine, well-rounded to subangular, 
medium and coarse-grained red and 
pink granite, sparse psammite, 
semipelite and gneiss 
Sand: coarse and medium, angular 
to---,subangular, quartz-and, -
feldspar, some granite 
Fines: silt, disseminated, light 
brown (5YR 5/6} to moderate 
yellowish brown (lOYR 5/4} 

Diamicton, silty and sandy; 
angular clasts of porphyritic red 
granite, psammite and felsite. 
Light brown (5YR 5/6} to moderate 
yellowish brown (lOYR 5/4} 

b Sandy gravel; less pebbly below 
5.4m 
Gravel: fine with coarse, angular 
medium-grained pink and red 
granite, psammite, psammitic grit 
and felsite; some semipelite, 
vein-quartz, gabbro and fine
grained basic rock 
Sand: coarse with medium, angular 
to subangular, sharp, quartz, with 
some feldspar and granite 
Fines: silt and clay, 
disseminated, pale yellowish brown 
(lOYR 6/2} 

Silty clay, firm. Scattered 
angular clasts of granite, felsite 
and fine-grained basic rock. 
Moderate yellowish brown 
(lOYR 5/4} 
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Overburden 
Mineral I 
Waste 
Mineral I 
Waste 

0.3m 
3.4m 
1.2m 
1.5m 
1.lm+ 

Thickness Depth 

m m 

0.3 

3.4 

1.2 

1.5 

1.1+ 

0.3 

3.7 

4.9 

6.4 

7.5 



Borehole terminated, owing to slow 
progress 

Grading 

Kean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand. Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 2 50 48 0.3- 2.4 2 3 26 22 11 18 18 

2.4- 3.7 2 2 17 27 12 23 17 $ 

Kean 2 3 22 25 11 20 17 

b 6 70 24 4.9- 6.1 6 5 22 -42 14 11 0 $ 

6.1- 6.4 6 7 27 40 18 2 0 $ 

Kean 6 5 23 42 15 9 0 

a&b 3 56 41 Kean 3 4 22 30 12 17 12 
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NO 69 SW 21 6480 9149 West of Dalbreck 

Surface level cf89m 
Water struck at c~87.2m 
250mm percussion 
June 1989 

LOG 

Geological 
classification 

Alluvium 
(Terrace) 

? Till 

Fluvioglacial 
sand and gravel 

Till 

Caledonian 

Lithology 

Soil, loam with granite cobbles 

a Sandy gravel, in two 
fining-downwards cycles; a layer 
of boulders at 3.om . 
Gravel: coarse with fine and some 
cobble, pink and grey granite, 
with some hornblende schist, 
marble, aplogranite and psammite 
Sand: mainly coarse, quartz, 
feldspar and granite 
Fines: silt, disseminated, light 
brown (5YR 5/6) 

Clay, silty; with fine angular 
clasts. Greyish orange pink 
(5YR 7/2) 

b Sandy gravel, with a bed of 
sandy clay from 8.5m to 8.7m 
Gravel: fine, with coarse and some 
cobble, subrounded; mainly 
coarse-grained megacrystic pink 
granite, some porphyritic 
aplogranite; angular clasts of 
lamprophyre from 5.0m to 6.7m 
Sand: coarse with medium, quartz 
and feldspar 
Fines: silt and clay, with some 
mica, mainly disseminated; several 
thin beds of silty clay from 5.0m 
to 5.4m. Light brown (5YR 5/6) 

Clay, gritty, moderate brown 
(5YR 4/4) 

Granite, decomposed 

Granite, megacrystic, fresh 
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Overburden 
Mineral I 
Waste 
Mineral I 
Waste 
Bedrock 

0.3m 
4.2m 
0.5m 
3.9m 
0.3m 
0.6m+ 

Thickness Depth 

m m 

0.3 

4.2 

0.5 

3.9 

0.3 

0.5 

0.1+ 

0.3 

4.5 

5.0 

8.9 

9.2 

9.7 

9.8 



NO 69 SW 21 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Pines Sand Gravel Pines Sand Gravel 

from to -1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

a 2 51 " 0.3- 1.2 4 4 15 23 14 24 16 

1.2- 1.8 2 3 20 37 15 23 0 

1.8- 3.9 0 3 16 28 19 20 14 $ 

3.9- 4.5 7 9 18 37 20 9 0 $ 

Mean 2 4 17 30 17 20 10 

b 6 65 29 5.0- 6.7 6 8 19 34 16 9 8 $ 

6.7- 7.7 5 7 26 32 18 12 0 $ 

7.7- 8.9 6 9 28 38 16 3 0 $ 

Mean 6 8 23 34 17 8 4 

a&b 4 58 38 Mean 4 6 20 32 17 14 7 
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NO 69 SW 22 

Surface level c~92m 
Water not struck 
Pit 
May 1989 

LOO 

Geological 
classification 

Till 

Caledonian 

6488 9074 N.E. of Woodside Cottage 

. ./ -,,-----

Lithology 

Soil; silty, humic 

Diamicton: sandy; firm in top 
0.3m, friable below. Rounded to 
subangular clasts, chiefly cobbles 
of medium and fine-grained 
granite, some psammite. 
Iron stained, becoming pale 
yellowish brown {lOYR 6/2) with 
depth 

Granite, decomposed. Angular 
fragments of medium-grained pale 
pink granite in a matrix of light 
brown {5YR 6/4) to moderate orange 
pink {5YR 8/4) clayey gruss 
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Waste 1.0m 
Bedrock 0.2m+ 

Thickness Depth 

m m 

0.3 

0.8 

0.2+ 

0.3 

1.1 

1.3 



NO 69 SW 23 

Surface level c~102m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
(Esker) 

Till 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

3 23 74 

6488 9259 North of Waullanill 

Overburden O.lm 
Mineral I 1.4m 

Lithology 

Soil, with abundant boulders 

Cobble gravel: imbricated, 
clast-supported; abundant 
subangular boulders of banded 
psammite and psammitic gneiss up 
to 1.2m 
Gravel: coarse and cobble with 
fine, subangular, banded psammite, 
gneiss, medium-grained aplogranite 
and porphyry: some felsite and 
pink granite 
Sand: coarse with medium, dirty, 
angular to subangular, quartz, 
feldspar and pelite 
Fines: silt, disseminated, binding 
deposit, moderate yellowish brown 
(lOYR 5/4). Iron pan in the top 
1.0m 

Diamicton, clayey and sandy, 
stiff. Subangular and subrounded 
clasts of metabasic rock, 
psammite, felsite and semipelite. 
Light brown (5YR 6/4) 

Depth below 

surface (ml 

from to 

0.1- 1.5 

percentages · 

Fines Sand 

-1/16 +1/16-1/4 +1/4-1 +1-4 

3 2 9 12 
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Gravel 

+4-16 

15 

Waste 1. lm+ 

Thiclaless Depth 

m 

0.1 

1.4 

1.1+ -

m 

0.1 

1.5 

2.6 -

+16-64 +64 mm 

30 29 



NO 69 SW 24 

Surface level c~108m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
(Esker} 

6453 9270 Waullanill 

Lithology 

Soil, sandy and pebbly 

a 'Clayey' gravel, cut by a 
channel 1.0m deep, filled with 
coarse sand 
Gravel: coarse with fine and 
cobble, clast-supported, rounded 
to well-rounded, banded psammite, 
porphyry, felsite and semipelite, 
sparse pink granite 
Sand: coarse and medium, angular, 
quartz,=feldspar-and metamorphic 
rock 
Fines: clay and silt, binding the 
top 1.5m. Moderate yellowish 
brown (lOYR 5/4) 

b Gravel; imbricated, open-work 
Gravel: coarse with fine and 
cobble, rounded, psammite, with 
felsite; granite and schist 
Sand: coarse with medium, angular, 
quartz, feldspar and metamorphic 
rock 
Fines: silt, disseminated, pale 

'brown (5YR 5/2) 

Pit terminated, gravel collapsing 
in from the sides 
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Overburden O.lm 
Mineral I 4.5m+ 

Thickness Depth 

m m 

0.1 

2.3 

2.2+ 

0.1 

2.4 

4.6 



NO 69 ~ 24 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Pines Sand Gravel Pines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 17 17 66 0.1- 2.4 17 2 7 8 17 33 16 

b 2 24 74 2.4- 4.6 2 2 9 13 20 40 14 

a&b 10 20 70 Mean 10 2 8 10 18 37 15 
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NO 69 SW 25 

Surface level c~117m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
(Esker} -

Grading 

Hean for Deposit 

percentage a 

Fines Sand Gravel 

2 26 72 

6436 9287 North of Feughside Inn 

Overburden 0.4m 
Mineral I 3.2m+ 

Lithology 

Soil, sandy, pebbly 

Gravel, interbedded with lenses of 
pebbiy sand up to 0.3m thick, to 
1.9m depth 
Gravel: coarse and cobble, with 
fine, well-rounded to subangular, 
psammite, psammitic grit and 
felsite; some fine and 
medium-grained pink granite, 
granodiorite and decomposed 

-semipeHtic-schist 
Sand: coarse and medium, 
subangular, quartz, feldspar and 
metamorphic rock 
Fines: silt and clay, 
disseminated, binding top 1.0m. 
Moderate yellowish brown 
(lOYR 5/4} to 1.9m, dark yellowish 
brown (lOYR 4/3} towards the base 

Digger scraping on large boulders 
at the base of the pit 

Depth below 

aurface (ml 

from to 

0.4- 1.9 

1.9- 3.6 

Mean 

percentages 

Fines 

-1/16 +l/16-1/4 +1/4-1 +1-4 

1 

2 

2 

1 

2 

2 

72 

6 

15 

11 

9 

16 

13 

Thiclmess Depth 

Gravel 

+4-16 

13 

13 

13 

m 

0.4 

3.2+ 

m 

0.4 

3.6 

+16-64 +64 mm 

34 

34 

33 

36 

18 

26 



NO 69 SW 26 

Surface level c~93m 
Water not struck 
250mm percussion 
June 1989 

LOO 

Geological 
classification 

Alluvium 
(Terrace) 

Till 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

19 58 23 

6405 9246 West of Feughside Inn 

Overburden 0.4m 
Mineral I 1,5m 

Lithology 

Soil, pebbly and silty 

'Clayey' sandy gravel 
Gravel: fine and coarse, some 
large cobbles (not sampled), 
subangular, psammitic grit, 
calc-silicate and hornblende 
schist, sparse granite 
Sand: coarse and medium, quartz 
and feldspar 
Fines: silt and clay, 
disseminated, moderate brown 
(5YR 4/4) 

Diamicton, sandy, stiff. Angular 
to subangular clasts of psammite, 
semipelite, hornblende schist and 
some red granite. Moderate 
yellowish brown (lOYR 5/4) 

Borehole abandoned owing to slow 
progress 

Depth below 

surface (m) percentages 

Fines Sand 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 

0.4- 1.9 19 12 23 23 
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Gravel 

+4-16 

15 

Waste 2.3m+ 

Thickness Depth 

m 

0.4 

1.5 

2.3+ 

+16-64 

---
8 

m 

o.4 

1.9 

4.2 

+64 mm 

0 



NO 69 SW 27 

Surface level c+116m 
Water not struck 
Section and pit 
June 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
(Esker) 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

5 26 69 

6368 9308 East Tillygarmond 

Lithology 

Soil, with abundant boulders 

Boulder gravel; poorly sorted, 
clast-supported, becoming more 
sandy below 1.5m 
Gravel: coarse with cobble and 
some fine, rounded to angular; 
psammite, semipelite, semipelitic 
gneiss, decomposed semipelitic 
schist; some pink microgranite and 
felsitic porphyry 
Sand: medium, with coarse, and 
fine' subarigular quartz and li thic 
grains 
Fines: silt and clay, 
disseminated; moderate yellowish 
brown (lOYR 5/4) 

Depth below 

surface (ml 

from to 

0.1- 2.7 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +1/4-1 +1-4 

5 6 13 7 

74 

Overburden O. lm 
Mineral I 2.6m+ 

Thickness Depth 

m 

0.1 

2.6+ 

m 

0.1 

Gravel 

+4-16 +16-64 +64 mm 

8 41 20 



NO 69 SE 1 6576 9224 Castlehill 

Surface level c~86m 
Water struck at c~83.7m 
Pit 
June 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

1 42 57 

Lithology 

Soil, pebbly 

Gravel; well-developed horizontal 
stratification 
Gravel: coarse with cobble and 
fine, rounded to well-rounded, 
medium and fine-grained pink and 
white granite, some psammite, 
felsite, quartzite and semipelite 
Sand: mainly coarse, angular to 
subangular, quartz and feldspar 
Fines: silt and clay, 
disseminated, light brown 
(5YR 5/6) 

Pit abandoned, in sand and gravel 
below the water table 

Depth below 

surface (m) 

from to 

0.3- 1. 7 

1.7- 2.6 

Mean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 

2 3 

0 1 

1 2 

75 

+1/4-1 +1-4 

14 26 

13 28 

14 26 

Gravel 

+4-16 

14 

17 

15 

Overburden 0.3m 
Mineral I 2.3m+ 

Thickness Depth 

m 

0.3 

2.3+ 

+16-64 

28 

29 

30 

m 

0.3 

2.6 

+64 mm 

13 

12 

12 



NO 69 SE 2 6523 9133 S.S.W. of Dalbreck 

Surface level c~86m 
Water struck at c~83.9m 
250 and 200mm percussion 
May 1989 

LOG 

Geological 
classification 

Alluvium 
(Terrace) 

Fluvioglacial 
sand and gravel 

Giaciolacustrine 
deposits 

Lithology 

Soil; silty, humic 

a Gravel 
Gravel: coarse and fine, rounded 
to subrounded, coarse-grained red 
granite; some psammite, hornblende 
schist and semipelite 
Sand: coarse and medium, 
subangular and subrounded, quartz 
and feldspar 
Ftnes: silt and clay, 
dissemiq~teg_, mode~ate brown 
(5YR--4/4) 

b Pebbly sand 
Gravel: mainly fine, subangular, 
granite and metamorphic rocks 
Sand: coarse and medium, 
subangular, quartz and feldspar; 
some fine mica 
Ftnes: silt, disseminated, 
moderate to light brown 
(5YR 4/4-5/6) 

Clay, silty, finely laminated. 
Dark yellowish brown (lOYR 4/2); 
light brown (5YR 5/6) and light 
grey (5Y 5/2) layers 

Silty sand; interbedded with silty 
clay; moderate brown (5YR 4/4) 

Clay, silty, interlaminated with 
thin stringers of sand and fine 
gravel. Light brown (5YR 5/6) and 
light olive grey (5Y 5/2) 

Pebbly sand, with some cobbles of 
granite and metamorphic rocks 

Clay, silty, laminated, light 
brown (5YR 5/6) 
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Overburden 
Minerai I 
Waste 
Mineral I 

0.2m 
6.4m 
1.7m 
1.8m+ 

Thickness Depth 

m m 

0.2 

1.8 

4.6 

0.2 

o.4 

0.8 

0.2 

0.1 

0.2 

2.0 

6.6 

6.8 

7.2 

8.0 

8.2 

8.3 



Fluvioglacial c Gravel, becoming cleaner with 1.8+ 10.1 
sand and gravel depth 

Gravel: fine with coarse, 
subangular; mainly medium-grained 
red granite 
Sand: coarse and medium, 
subangular granite, quartz and 
feldspar 
Fines: silt and clay, disseminated 
and as thin laminated partings; 
especially above ~-5m 

Borehole terminated owing to 
obstruction 

Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 4 44 52 0.2- 1.5 4 4 20 24 27 21 0 

1. 5- 2.0 3 3 14 19 18 43 0 

Mean 4 3 18 23 25 27 0 

b 4 86 10 2.0- 4.0 4 9 45 35 6 1 0 $ 

4.0- 6.6 4 7 27 49 13 0 0 $ 

Mean 4 8 35 43 10 trace 0 

C 5 44 51 8.3- 8.5 14 9 23 24 26 4 0 $ 

8.5-10.1 4 7 16 19 22 17 15 $ 

Mean 5 7 17 20 21 16 14 

a&b 4 74 22 Mean 4 6 30 38 14 8 0 

a-c 4 67 29 Mean 4 7 27 33 16 10 3 
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NO 69 SE 3 6514 9169 Dalbreck 

Surface level c~85m 
Water struck at c~81.9m 
Pit 
May 1989 

LOG 

Geological 
classification 

Alluvium 
(Terrace} 

Till 

Lithology 

Soil,, sandy 

Gravel, with crude bedding; 
rounded granite boulders up to 
30cm 
Gravei: coarse with fine and 
cobble, rounded to subrounded; 
mainly coarse-grained pink 
granite, some felsite and 
granodiorite 
Sand: medium and coarse, angular 
gra.I)j_te, $Ubangula+ quartz and 
feldspar 
Fines: silt, disseminated; iron 
stain from 0.3 to 0.7m. Orange 
brown 

Diamicton, clayey and sandy, 
stiff. Angular to subrounded 
clasts of semipelite, 
coarse-grained pink granite, 
fine-grained basic rock and red 
granite. Damp below 2.6m. Light 
grey (5Y 5/2) to light olive brown 
(5Y 5/6) 

Pit terminated at water table 
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Overburden 0.3m 
Mineral I 2.0m 
Waste 0.8m+ 

Thickness Depth 

m m 

0.3 

2.0 

0.8+ 

0.3 

2.-3 

3.1 



NO 69 SE 3 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

7 40 53 

Depth below 

surface (m) 

from to 

0.3- 2.3 

percentages 

Fines Sand Gravel 

-1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 · +16-64 +64 mm 

7 4 14 22 13 27 13 

79 



NO 69 SE 4 

Surface levelc.+102m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Till 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

3 48 49 

6514 9070 South West of Pitdelphin Fann 

Overburden 0.3m 
Mineral I 1.2m 

Lithology 

Soil, sandy and pebbly 

Gravel; crude horizontal 
stratification, iron pan.from 0.3m 
to 0.5m 
Gravel: coarse, with fine, some 
cobbles up to 30cm; rounded to 
subrounded, coarse-grained pink 
granite and some medium-grained 
granodiorite 
Sand: medium and coarse, 
subangulal'-, granite,.quartz and 
felaspar 
Fines: iron stain, disseminated, 
orange brown 

Diamicton, clayey and sandy, 
stiff. Abundant cobbles and 
boulders of medium and 
fine-grained pink granite in a 
matrix of clay-bound granite sand. 
Pale yellowish brown (lOYR 6/2) 

Depth below 

surface (m) percentages 

Fines Sand 

from to -1/16 +1/16-1/4 +l/4-1 +1-4 

0.3- 1.5 3 3 23 22 
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Gravel 

+4-16 

15 

Waste 0.6m+ 

Thickness Depth 

m 

0.3 

1.2 

0.6+ 

+16-64 

21 

m 

0.3 

1.5 

2.1 

+64 mm 

13 



NO 69 SE 5 6553 9098 Pitdelphin Farm 

Surface level c~105m 
Water not struck 
250 and 200mm percussion 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Lithology 

Soil, sandy 

a Gravel, with cobbles up to 30cm 
Gravel: cobble, fine and coarse, 
subrounded to subangular, 
coarse-grained granite, psammite, 
amphibolite and semipelite 
Sand: coarse with some medium, 
subrounded, quartz and feldspar 
Fines: clay, disseminated, 
moderate brown {5YR 4/5} 

b Sandy gravel, interbedded with 
laminated silt at the top 
Gravel: fine, with coarse and 
cobble, rounded to tabular, 
coarse-grained red granite 
Sand: medium with coarse and some 
fine, subangular quartz. feldspar 
and mica · 
Fines: silt, mainly disseminated, 
light brown {5YR 5/6} 

c Gravel 
Gravel: mainly coarse and fine, 
some cobble below 3.2m, rounded, 
red porphyritic granite, 
aplogranite and grey granite 
Sand: coarse with medium, angular 
to subrounded, quartz an9 feldspar 
Fines: silt, disseminated, 
moderate brown {5YR 4/4} 

d Sandy gravel; some cobbles up to 
8cm 
Gravel: coarse and fine, rounded 
to subangular coarse-grained pink 
and red granite, porphyritic 
aplogranite and microgranite 
Sand: medium and coarse, angular, 
granite, quartz and feldspar 
Fines: silt and mica, 
disseminated, light brown 
{5YR 5/6} 
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Overburden O.lm 
Mineral I 10.3m 
Waste 0.2m 
Mineral I 1.9m+ 

Thickness Depth 

m m 

0.1 

1.2 

1.5 

1.2 

6.4 

0.1 

1.3 

2.8 

4.0 

10.4 



Silty sand, laminated, light olive 0.2 10.6 
grey (lOY 6/2) 

e Sandy gravel 1.9+ 12.5 
Gravel: mainly fine, rounded, red 
granite 
Sand: medium and coarse, with some 
fine, subrounded quartz, with some 
feldspar 
Ftnes: silt and mica, 
disseminated, moderate ·yellowish 
brown (lOYR 5/4) 

Borehole terminated owing to slow 
progress. 

Grading 

Mean for Deposit Depth_belov 

percentages surface (ml percentages 

Fines Sand Oravel Fines Sand Oravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 5 45 50 0.1- 1.3 5 1 15 29 17 16 17 

b 5 56 39 1.3- 2.8 5 8 29 19 15 12 12 

C 2 35 63 2.8- 3.2 2 3 18 19 25 33 0 

3.2- 4.0 2 1 10 22 19 32 14 

Mean 2 2 12 21 21 33 9 

d 3 67 30 4.0- 5.0 2 4 25 33 12 16 8 

5.0- 6.2 5 5 28 26 13 16 7 

6.2- 7.6 3 6 51 22 7 11 0 

7.6- 9.0 3 4 31 28 10 6 18 

9.0-10.4 3 4 23 43 13 14 0 

Mean 3 4 32 31 11 12 7 

e 4 63 33 10.6-12.5 4 11 28 24 24 9 0 $ 

a&b 5 50 45 Mean 5 5 23 22 16 14 15 

a-c 4 47 49 Mean 4 4 20 23 17 19 13 

a-d 4 59 37 Mean 4 4 28 27 13 15 9 

a-e 4 59 37 Mean 4 5 27 27 15 14 8 
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NO 69 SE 6 

Surface level c~89m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
(Esker) 

6549' 9152 North of Pitdelphin Farm 

Overburden 0.2m 
Mineral I 8.2m+ 

Lithology 

Soil, sandy and pebbly 

a Gravel; poorly stratified units 
30cm thick, dipping off flanks of 
ridge. A bed of subrounded 
boulders of granodiorite from 3.0m 
to 3.2m 
Gravel: cobble and coarse with 
some fine, subrounded to 
subangular, semipelite, psammite, 
calc-silicate, felsitic porphyry, 
quartzite and purple lava; sparse 
bleached medium-grained granite 
Sand: medium and coarse, angular, 
quartz, with some feldspar 
Fines: silt and clay, 
disseminated, concentrated in 
sandy units. Manganese staining 
from 0.4m to 0.6m. Moderate brown 
(5YR 4/4), becoming dusky yellow 
(5Y 6/4) below 3.0m 

b Pebbly sand; crude horizontal 
stratification 
Gravel: mainly fine, subangular to 
tabular, semipelite, psammite and 
quartzite 
Sand: coarse with medium, angular 
quartz, with some feldspar 
Fines: silt, disseminated, 
moderate to dark yellowish brown 
(lOYR 5/4-4/2) 

Pit terminated, sand and gravel 
collapsing in from the sides 

83 

Thickness Depth 

m m 

0.2 

5.0 

3.2+ 

0.2 

5.2 

8.4 



NO 69 SE 6 
Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand· Gravel Fines Sand Gravel 

from to . -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 1 36 63 0.2- 3.0 2 2 20 18 10 24 24 

3.0- 5.2 l 2 14 14 12 21 36 

Hean 1 2 18 16 11 23 29 

b 2 77 21 5.2- 8.4 2 4 25 48 17 4 0 

a&b 2 51 47 Hean 2 3 21 27 13. 16 18 
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NO 69 SE 7 

Surface level c.+85m 
Water not struck 
Section and pit 
June 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 
(Esker) 

6585 9154 North East of Pitdelphin Farm 

Overburden 0.4m 
Mineral I 4 .. 2m+ 

Lithology 

Soil, sandy 

a 'Clayey' pebbly sand, in trough 
cross-bedded units 50cm thick, a 
granite boulder near the base 
Gravel: fine, angular, metamorphic 
rocks 
Sand: fine and medium with some 
coarse, angular, quartz, feldspar 
and granite 
Fines: silt and clay, as finely 
laminated partings dipping off 
flanks of ridge; light brown· 
(5YR 5/5) 

b Gravel, with tabular 
cross-bedding, dipping at high 
angles of flanks of ridge 
Gravel: cobble and coarse, with 
some fine, rounded to well
rounded, semipelite, semipelitic 
gneiss, psammite and quartzite; 
sparse pink and white granite, 
vein-quartz and gabbro; some 
angular boulders of felsite and 
semipelite 
Sand: coarse and medium, angular, 
sharp; lithic grains and quartz, 
some feldspar 
Fines: silt and clay, 
disseminated, moderate brown 
(5YR 4/4); iron stained below 4.4m 

Pit terminated, sand and gravel 
collapsing in from the sides 
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Thickness Depth 

m m 

0.4 

2.7 

1.5+ 

0.4 

3.1 

4.6 



NO 69 SE 7 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

----
a 13 82 5 0.4- 3.1 13 33 33 16 5 trace 0 

b 3 28 69 3.1- 4.6 3 5 11 12 11 28 30 

a&b 9 63 28 Mean 9 23 26 14 7 10 11 
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NO 69 SE 8 6605 9o47 

Surface level c~112m 
Water struck atc~97-7m 
250 and 200mm percussion 
June 1989 

North East of Bogarn 

Overburden 0.2m 
Mineral I 14.lm 
Waste 4:5m 
Mineral I 0.8m+ 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 
(Topset beds) 

(Foreset beds) 

(Bottomset beds) 

Lithology 

Soil, with abundant boulders 

a Cobble gravel (unrepresentative 
grading owing to comminution by 
drilling) 
Gravel: cobble, coarse and fine, 
subangular to rounded, mainly 
coarse-grained pink granite, some 
felsite, red granite and 
granodiorite 
Sand: coarse and medium, angular 
to subangular, granite, quartz and 
feldspar 
Fines: silt and clay, 
disseminated, binding deposit to 
3.4m; light brown (5YR 3/4). A 
thin diamicton between 3.0m and 
3.lm 

b Sandy gravel, iri several 
fining-downwards units; abundant 
cobbles of coarse-grained dark 
pink granite from 8.0m to 10.lm 
Gravel: fine with coarse and 
cobble, angular to subangular, 
coarse-grained pink granite, with 
some fine-grained red granite, 
psammite and semipelite; sparse 
vein-quartz and purple volcanic 
rock 
Sand: coarse and medium, angular 
to subangular, clean, sharp, 
mainly quartz and feldspar, some 
coarse granite 
Fines: silt, disseminated, light 
brown (5YR 5/4). A thin bed of 
diamicton containing granite 
clasts at 12.3m depth 

c 'Vecy clayey' pebbly sand 
Gravel: fine, angular, mainly 
granite 
Sand: mainly fine, with some 
medium and coarse, subangular to 
subrounded, quartz and mica 
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Thickness Depth 

m m 

0.2 

8.1 

1.1 

0.2 

5.1 

13.2 

14.3 



Glaciolactustrine 
deposits 

Glacial sand 
and gravel 

Fines: silt and clay, as finely 
laminated discontinuous beds 5cm 
thick from 13.7m to 13.9m, light 
brown (5YR 5/4) 

Silt, sandy; becoming clayey, 
stiff below 16.0m. Finely 
laminated and graded (?varved) 
from 16.0m to 16.5m. Dark grey 
layers 50mm thick (possibly 
organic) from 18.0m to 18.3m. 
Moderate yellowish brown 
(lOYR 5/4) with some light brown 
(5YR 5/6) laminae 

d Sandy gravel; interbedded with 
diamicton in top 0.3m 
Gravel:. fine with coarse and 
cobble, angular, dark pink 
megocrystic granite, medium and 
fine-grained pale pink and 

1
red 

granite, some amphibolite, vein
quartz ,. felsi te, and granodiori te 
Sand: mainly coarse angular 
granite._some medium quartz and 
feldspar 
Ft_n!}s: ~il"~' disse_!ll!nated, 
moderate yellowish brown 
(lOYR 5/4) 

Borehole terminated on 
obstruction, probably on large 
boulders 
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4.5 18.8 

o.8+ 19.6 



NO 69 SE 8 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 7 44 49 0.2- 1.9 7 7 13 16 15 18 24 

1.9- 3.4 12 10 20 25 14 15 4 

3.4- 5.1 1 3 15 24 21 22 14 

Mean 7 6 16 22 17 18 14 

b 2 67 31 5.1- 7.2 1 8 27 36 22 6 0 

7.2-10.1 1· 5 23 28 15 5 23 

10.1-13.2 4 15 29 28 19 5 0 

Mean 2 9 26 32 18 5 8 

C 32 60 8 13.2-14.3 32 37 12 11 7 1 0 

d 2 49 49 18.8-19.6 2 4 13 32 24 13 12 $ 

a&b 4 58 38 Mean 4 8 22 28 18 10 10 

a-c 6 58 36 Mean 6 10 22 26 17 9 10 

a-d 6 57 37 Mean 6 10 21 26 17 10 10 
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NO 69 SE 9 

Surface level ct84m 
Water not struck 
Section and pit 
May 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 
(Esker bead) 

6608 9211 North of Haugh of Strachan 

Lithology 

Soil, pebbly 

a Gravel, clast-supported, crµde 
horizontal bedding 
Gravel: cobble with coarse and 
some fine, well-rounded to 
subangular; coarse-grained pink 
granite, some banded psammi te , · 
porphyry, felsite and aplite 
Sand: coarse, .angular~ granite, 
quartz and feldspar 
Fines: little, silt; disseminated, 
moderate brown (5YR 4/4) 

Silt, sandy, firm, with fine 
horizontal lamination; moderate 
yellowish brown (lOYR 5/4) 

b Sandy gravel, interbedded with 
thin beds of laminated sandy silt 
in the top 0.3m 
Gravel: cobble with fine and some 
coarse, subangular and subrounded; 
mainly medium and fine-grained 
pink and grey granite 
Sand: medium with some coarse, 
clean, subangular; quartz and 
feldspar, some granite 
Fines: silt, disseminated and as 
discrete beds up to 20mm thick; 
light brown (5YR 6/4) 

Silt, sandy, laminated~ micaceous. 
Moderate yellowish brown 
(lOYR 5/4) 

c Sandy gravel, in low-angle, 
tabular cross-bedded units between 
30mm and 50mm thick; passing 
laterally into silty fine and 
medium-grained sand between 4.0m 
and 5,0m. A bed of manganese 
stained gravel at 5,0m 
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Overburden 
Mineral I 
Waste 
Mineral I 
Waste 
Mineral I 

0.2m 
1.lm 
0.2m 
1.4m 
0,3m 
2.lm 

Thickness Depth 

m m 

Q.2 

1.1 

0.2 

1.4 

0.3 

2.1+ 

0.2 

1.3 

1.5 

2.9 

3.2 

5 .-3 



Grading 

a 

b 

C 

a&b 

a-c 

Mean for Deposit 

percentages 

Fines Sand Gravel 

trace 19 81 

6 66 28 

5 71 24 

4 46 50 

4 58 38 

Gravel: mainly fine, 
medium-grained pink granite, 
microgranite and sparse psammite 
Sand: medium and coarse, 
subangular to subrounded, quartz, 
feldspar and mica; clean, soft 
Fines: silt and clay, disseminated 
within sand units and as partings 
along cosets; moderate yellowish 
brown (lOYR 5/4) 

Pit terminated, sand and gravel 
collapsing in from the sides 

Depth below 

surface (ml 

from to 

0.2- 1.3 

1.5- 2.9 

3.2- 5.3 

Mean 

Mean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +l/4-1 +1-4 

trace trace 3 16 

6 5 40 21 

5 12 31 28 

4 3 24 19 

4 7 28 23 
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Gravel 

+4-16 +16-64 +64 mm 

10 25 46 

9 5 14 

18 6 0 

10 14 26 

13 10 15 



NO 69 SE 10 6633 9187 Haugh of Strachan 

Surface level c.+76m 
Water struck at ct74,7m 
250 and 200mm percussion 
May 1989 

LOG 

Geological 
classification 

Alluvium 

Fluvioglacial 
sand and gravel 

Glaciolacustrine 
deposits 

Fluvioglacial 
sand and gravel 

Lithology 

Soil, silty 

a Gravel, with sub rounded cobbles 
of megacrystic granite up to 
Gravel: coarse with fine and 
cobble, rounded, granite 
Sand: mainly coarse, rounded, 
quartz with some feldspar 

30cm 

Fines: silt and iron stain, 
disseminated, moderate to greyish 
brown (5YR 3/4-3/2) · 

b Sandy gravel, becoming more 
sandy with depth 
Gravel: mainly fine, rounded, 
granite, with some psammite and 
hornblende schist 
Sand: coarse with medium, rounded 
to subrounded, quartz and feldspar 
Fines: silt and mica, 
disseminated, light to moderate 
brown (5YR 5/6-4/4) 

Clay, firm, feintly laminated, 
dark organic fragments; becoming 
sandy towards the base. Medium 
light grey (N6) to light· brown 
(5YR 5/6) 

c Pebbly sand 
Gravel: fine, mainly granite 
Sand: coarse and medium, quartz 
and feldspar 
Fines: silt, light brown (5YR 5/6) 

Silt and sand, light brown 
(5YR 6/4) 

d Pebbly sand 
Gravel: mainly fine, felsite and 
coarse-grained pink granite 
Sand: coarse and medium, quartz, 
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Overburden 0.3m 
Mineral I ·4.0m 
Waste 1.2m 
Mineral I 4.8m 
Waste O.lm 
Mineral I 5,2m+ 

Thiclmess Depth 

m m 

0.3 0.3 

1.0 1.3 

3.0 4.3 

1.2 5.5 

4.8 10.3 

0.1 10.4 

5,2+ 15.6 



-----

feldspar and some mica 
Fines: silt, disseminated, light 
brown (5YR 5/4) 

Borehole terminated on obstruction 

Grading 

Hean for Deposit Depth below 

percentages surface (m) percentages 

P'ines Sand Gravel P'inea Sand Gravel 

---
from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
a 2 35 63 0.3- 1.3 2 4 11 20 18 33 12 

b 3 63 34 1.3- 3.1 3 4 17 31 31 14 0 $ 

3.1- 3.5 2 2 27 43 24 2 0 $ 

3.5- 4.3 6 16 35 33 10 0 0 $ 

Hean 3 7 23 33 25 9 0 

C 2 80 18 5.5- 6.7 4 15 34 33 14 0 0 $ 

6.7- 9.6 1 7 30 41 20 1 0 $ 

9.6-10.3 5 12 36 32 15 0 0 $ 

Hean 2 9 32 39 18 trace 0 

d 3 74 23 10.4-12.0 3 4 22 49 22 0 0 $ 

12.0-14.2 3 9 30 33 23 2 0 $ 

14.2-15.6 3 14 35 29 16 3 0 $ 

Hean 3 9 29 36 21 2 0 

a&b 3 56 41 Hean 3 6 20 30 23 15 3 

a-c 3 69 28 Hean 3 8 26 35 20 7 1 

a-d 3 70 27 Hean 3 8 27 35 21 5 1 
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NO 69 SE 11 6690 9162 Templeton 

Surface level cf87m 
Water struck at cf81.2m 
Section and Pit 
June 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
(Esker) 

Till 

Lithology 

Soil, pebbly 

a Gravel, clast-supported, well
sorted, fining-downwards 
Gravel: fine and coarse with 
scattered cobbles, well-rounded, 
medium and coarse-grained, pink 
and white granite; some psammite, 
semipelite and felsite 
Sand: mainly coarse, subangular 
quartz, granite, felsite and 
feldspar 
Fines: iron and manganese 
staining; cem~9ting top 1.0m 

b Sandy gravel, unstratified, very 
poorly sorted 
Gravel: fine and coarse with some 
cobble, rounded to subangular, 
granite, psammite, semipelitic 
gneiss and felsite; some 
decomposed granodiorite 
Sand: coarse and medium, clean, 
sharp, subangular feldspar and 
quartz 
Fines: little, silt, disseminated, 
light brown (5YR 5/6) 

c Gravel, with abundant cobbles; 
subhorizontal stratification 
Gravel: coarse and fine, mainly 
rounded, granite, psammite, 
semipelite and felsite 
Sand: mainly coarse, subangular, 
feldspar and quartz 
Fines: little, disseminated 

Diamicton, silty and sandy, very 
stiff, faint lamination. 
Subrounded and subangular clasts, 
mainly of coarse-grained pink 
granite; some pegmatite, felsite 
and psammite 
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Overburden 0.4m 
Mineral I .4.0m 
Waste 2.0m+ 

Thickness Depth 

m 

o.4 

1.6 

1.4 

1.0 

2.0+ 

m 

0.4 

2.0 

3.4 

4.4 

6.4 



Pit terminated in till, below the 
water table 

Grading 

Hean for Deposit Depth belov 

percentages surface (ml percentages 

P'ines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 1 45 54 0.4- 2.0 1 1 10 34 26 21 7 

b 1 61 38 2.0- 3.4 1 3 25 · 33 16 13 9 

C trace 39 61 3.4- 4.4 trace 1 12 26 21 32 8 

a&b 1 53 46 Hean 1 2 17 34 21 17 8 

a-c 1 49 50 Hean 1 2 16 31 21 21 8 
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NO 69 SE 12 

Surface level ct89m 
Water struck at c~82.3m 
Section and pit 

6782 9180 Burn of Rhoda Gravel Pit 

Overburden 0.2m 
Mineral I -5.6m 

May 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
(Esker} 

Till 

Lithology 

Soil, gravelly 

a Gravel; cryoturbated in top 0.5m 
Gravel: cobble and coarse with 
some fine, rounded; mainly 
granite, some felsite, gabbro and 
quartzite 
Sand: mainly coarse, angular to 
subangular, lithic grains, quartz 
and feldspar 
Fines: silt, disseminated, binding 
top of deposit; moderate brown 
(5YR 4/4} 

b Sandy gravel, with scattered 
cobbles, well-bedded 
Gravel: mainly fine, granite, 
felsite, gabbro and quartzite 
Sand: mainly coarse, subangular 
quartz and feldspar 
Fines: silt, disseminated, 
moderate brown (5YR 4/4} 

Diamicton, silty and clayey, 
stiff. Boulders of psammite and 
coarse-grained pink and grey 
granite. Pale yellowish brown 
(lOYR 6/2} 

Pit terminated in till, below the 
water table 
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Waste 1.0m+ 

Thickness Depth 

m m 

0.2 

1. 7 

3.9 

1.0+ 

0.2 

1.9 

6.8 



NO 69 SE 12 
Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

---
from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
a 1 17 82 0.2- 1.9 1 trace 5 12 11 34 37 

b 2 72 26 1.9- 5.8 2 1 18 53 18 2 6 

a&b 2 54 44 Hean 2 trace 14 40 16 12 16 
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NO 69 SE 13 6814 9196 Bum of Rhoda 

Surface level c.+79m 
Water struck at c~76.2m 
Pit 
May 1989 

LOG 

Geological 
classification 

Alluvial fan 

Lithology 

Soil; sandy, humic 

a Cobble gravel, with crude 
horizontal bedding 
Gravei: cobble, coarse and fine, 

·moderately sorted, 
clast-supported; subangular to 
subrounded, coarse-grained pink 
granite, dark pink microgranite 
and banded psammite; some 
quartzite 
Sand: coarse with medium, angular, 
quartz and feldspar 
Fines: silt and clay, 
disseminated, moderate brown 
(5YR 4/6) 

Silt; sandy, finely laminated, 
moderate yellowish brown 
(lOYR 5/4) 

b Gravel 
Gravei: cobble with coarse and 
fine, subangular to subrounded; 
mainly granite with some psammite 
and quartzite 
Sand: coarse with medium, 
subangular, quartz and feldspar 
Fines: silt and clay, 
disseminated, moderate brown 
(5YR 4/6) 

Pit abandoned at the water table 
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Overburden 0.4m 
Mineral I· 1.2m 
Waste O.lm 
Mineral I 1.2m+ 

Thickness Depth 

m m 

0.4 

1.2 

0.1 

1.2+ 

o.4 

1.6 

1. 7 

2.9 



NO 69 SE 13 
Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 5 42 53 0.4- 1.6 5 6 . 16 20 16 15 22 

b 5 41 54 1. 7- 2.9 5 2 15 24 15 17 22 

a&b 5 41 54 Hean 5 4 15 22 16 16 22 
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- ' 
NO 69 SE 14 

Surface level c~79m 
Water not struck 
Section and pit 
May 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 
(Esker bead} 

6814 9234 East of Gateside 

Lithology 

Soil, sandy 

a Cobble gravel; clast-supported 
Gravel: cobble with coarse and 
fine; scattered boulders of 
porphyritic felsite up to 60cm; 
subangular to subrounded, mainly 
pale pink megacrystic granite, 
some felsite; sparse psammitic 
grit and basic porphyry 
Sand: mainly coarse, angular, 
clean, sharp, granite, quartz and 
feldspar 
Fines: "little, disseminated, light 
brown (5YR 6/4} 

b Sandy gravel; iron stained, 
especially below 9.7m 
Gravel: fine and coarse, rounded, 
mainly granite and psammite. 
Forms lags at the base of 
fining-upwards tabular cross-beds 
Sand: coarse with medium, 
subangular to angular granite, 
quartz and feldspar 
Fines: silt and iron stain, 
disseminated; dark yellowish 
orange (lOYR 6/6} 

Pit terminated, sand and gravel 
collapsing in from the sides 
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Overburden 0.3m 
Mineral I 10.0m+ 

Thiclmess Depth 

m m 

0.3 

7.4 

2.6+ 

0.3 

7.7 

10.3 



NO 69 SE 14 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +l-4 +4-16 +16-64 +64 mm 

a trace 29 71 0.3- 3.9 0 1 5 21 20 16 37 

3.9- 7.7 1 1 4 26 14 25 29 

Hean trace 1 4 24 17 21 33 

b 3 50 47 7.7- 9.7 3 2 19 34 24 18 0 

9.7-10.3 1 1 11 26 22 22 17 

Hean 3 2 17 31 24 19 4 

a&b 1 34 65 Hean l 1 8 25 19 20 26 

101 



NO 69 SE 15 6853 9267 Heugh-head 

Surface level c.+78m 
Water struck at c~70.6m 
250mm percussion 
June 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

7 Flow-till 

?Fluvioglacial 
sand and gravel 

Lithology 

Soil, sandy and pebbly 

a 'Clayey' sandy gravel . 
(unrepresentative grading owing to 
comminution by drilling} 
Gravel: fine and coarse with 
cobble; rounded boulders up to 
30cm. Mainly rounded to well
rounded coarse-grained pink 
granite, some quartzite, schist, 
semipel1te, calc-silicate and 
amphiboli te 
Sand: coarse with medium, angular 
to subangular, quartz, feldspar 
and lithic grains 
Fines: silt and clay, 
disseminated; pale yellowish brown 
(lOYR 5/2} to 1.5m, moderate 
yellowish brown (lOYR 5/4} towards 
the base 

Diamicton, silty and sandy, 
moderately firm. Fine angular 
clasts. Moderate yellowish brown 
{lOYR 5/4} 

Silt, clayey, laminated, with 
partings of medium to fine sand. 
Moderate yellowish brown 
(lOYR 5/4} to moderate reddish 
brown (lOR 4/6} 

b 'Very clayey' pebbly sand 
(unrepresentative grading owing to 
comminution by drilling} 
Gravel: fine and coarse, 
subangular to subrounded, granite 
and psammitic grit. No gravel 
below 4.6m depth 
Sand: mainly medium, subangular to 
subrounded; quartz, with some 
feldspar and lithic grains 
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o.4m 
· 2.2m 

Overburden 
Mineral I 
Waste 0.9m 
Mineral I 1.7m 
Waste 1.3m 
Mineral II 2.7m 
Waste 0.7m+ 

Thickness Depth 

m m 

0.4 

2.2 

0.8 

0.1 

1. 7 

0.4 

2.6 

3.4 

3.5 



Glaciolacustrine 
deposits 

Flow-till 

Till 

Fines: silt and clay, 
disseminated, binding top of unit 
and as thin beds interlaminated 
with graded beds of sand from 4.6m 
to 4.7m. A trace of organic 
material. Moderate yellowish 
brown (lOYR 5/4) to moderate 
reddish brown (lOR 4/6) 

Silt, sandy and clayey, laminated; 
firm, becoming soft below 5.8m. 
Sparse subangular and subrounded 
cobbles(? dropstones) from 5.8m 
to 6.0m. Mainly moderate 
yellowish brown (lOYR 5/4) but 
some light grey banding 

c 'Clayey' gravel, very firm 
Gravel: coarse with fine, angular 
to subangular, psammitic grit and 
granite, some vein-quartz 
Sand: coarse and medium with some 
fine, angular to subrounded, 
quartz and feldspar 
Fines: clay and silt, binding the 
deposit 

Diamicton, clayey, stiff. Angular 
to subangular clasts of psammite 
and granite. Moderate yellowish 
brown (lOYR 5/4) 

Borehole terminated on 
obstruction, possibly bedrock, no 
sample recovery 
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1.3 6.5 

9.2 

-9.9 



NO 69 SE 15 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
s 13 48 39 0.4- 1.5 9 5 11 22 13 25 15 

1.5- 2.6 17 12 20 25 21 5 0 

Mean 13 9 15 24 17 15 7 

b 25 62 13 3.5- 4.6 17 18 32 13 12 8 0 

4.6- 5.2 39 3 58 0 0 0 0 

Mean 25 12 41 9 8 5 0 

C -14 41 '45 6.5- 9.2 14 11 15 15 16 29 0 $ 

a&b 18 54 28 Mean 18 10 27 17 13 11 4 

a-c 17 48 35 Mean 17 10 22 16 14 18 3 
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NO 69 SE 16 

Surface level c.+ 100m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 
(Topset beds} 

(Foreset beds} 

Glaciolacustrine 
deposits 

Till 

6955 9315 Blaclmess 

Lithology 

a Gravel; clast-supported, 
horizontal stratification, some 
poorly developed fining-upwards 
grading 
Gravel: mainly coarse with some 
fine and cobble, subangular to 
subrounded; medium-grained pink 
granite with psammite, felsite, 
quartzite and aplogranite 
Sand: mainly coarse, angular, 
clean, sharp; quartz, feldspar and 
granite 
Fines: silt, binding top 0.5m of 
deposit and as partings on 
prominent bedding-planes: light to 
brown moderate (5YR 5/6-4/4} 

b Gravel, in large scale (>3m} 
tabular cross-bedded units 
Gravel: cobble and coarse, with 
fine, subangular, medium and 
fine-grained pink granite, 
vein-quartz, g~anodiorite and 
felsite 
Sand: mainly coarse, well-sorted, 
angular to subangular quartz, 
feldspar and some -granite; clean, 
sharp 
Fines: silt, disseminated, light 
brown (5YR 5/6} 

Silt and clay, interlaminated with 
micaceous silty fine sand; 
horizontal stratification and fine 
(? varved} graded bedding. Firm, 
rubbery; light brown (5YR 5/6} and 
moderate yellowish brown 
(lOYR 5/4} 

Diamicton, clayey, firm, with 
wisps of fine sand. Scattered 
subangular clasts of 
coarse-grained pink granite and 
grey granodiorite. Dark yellowish 
brown (lOYR 3/3} 
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Mineral I 
Waste 

6.5m 
·0.8m+ 

Thickness Depth 

m m 

3.4 3.4 

3.1 6.5 

0.6 7.1 

0.2+ 7.3 



NO 69 SE 16 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

---

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- --- ---
a 1 48 51 o.o- 3.4 1 1 13 34 13 30 8 

b 1 48 51 3.4- 6.5 1 1 12 35 14 18 19 

a&b 1 49 50 Mean 1 1 13 35 13 24 13 
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NO 69 SE 17 6900 9214 Mill of C8Jllllie 

Surface level c~lOlm 
Water struck at c~94.2m 
250mm percussion 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 

Lithology 

Soil, sandy and silty 

a Gravel 
Gravel: cobble with fine and 
coarse, rounded to subrounded 
megacrystic pink and red granite; 
some tabular psammite, semipelitic 
gneiss, quartzite, marble, aplite, 
porphyry and pegmatite 
Sand: medium and coarse, mainly 
angular quartz and feldspar 
Fines: silt, clay and some mica, 
disseminated, light brown 
(5YR 5/6} 

b Sandy gravel, becoming less 
pebbly towards the base, thin beds 
of silt towards the top 
Gravel: cobble, fine and coarse; 
some cobbles (up to 20cm} of 
megacrystic pink granite towards 
the top. Mainly rounded to 
subrounded pink granite, some 
psammite and quartzite 
Sand: medium and coarse, angular 
to subrourided, quartz, feldspar 
and granite, sparse biotite mica 
Fines: silt and clay, disseminated 
and as thin partings; light brown 
(5YR 5/6} 

c 'Clayey' sand, finely laminated; 
scattered faceted dropstone 
cobbles of psammite, aplogranite 
and marble 
Sand: mainly medium and fine, 
subrounded, quartz 
Fines: silt and clay, disseminated 
and as thin interlaminated beds, 
moderate brown (5YR 4/4} 

d Gravel, silty in top O.lm 
Gravel: cobble, with fine and 
coarse, subrounded to subangular, 
pink granite, aplogranite, 
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Overburden O.lm 
Mineral I 7 . 9m. 
Mineral II 2.0m+ 

Thickness Depth 

m m 

0.1 

1.3 

3.1 

2.3 

1.2 

0.1 

1.4 

4.5 

6.8 

8.0 



psammite and marble 
Sand: coarse and medium, angular 
to subangular, granite, quartz and 
feldspar 
Fines: silt, disseminated, light 
brown (5YR 5/6) 

Flow-till e 'Very clayey' gravel, stiff 2.0+ 10.0 
Gravel: fine with coarse, angular 
to subangular, psammite, 
semipelitic gneiss and sparse 
granite. Many faceted pebbles 
Sand: medium with coarse and some 
fine, angular, lithic grains, 
quartz and feldspar 
Fines: clay and silt, binding 
deposit and coating clasts, dark 
yellowish brown (lOYR 4/2) 

Borehole terminated on obstruction 

Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines- Sand . Gravel 

from to -1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

a 5 39 56 0.1- 1.4 5 3 19 17 14 11 31 

b 4 66 30 1.4- 3.0 3 5 28 27 12 15 10 

3.0- 4.5 6 9 36 26 8 3 12 

Mean 4 7 33 26 10 9 11 

C 18 80 2 4.5- 6.8 18 32 38 10 2 trace 0 

d 5 41 54 6.8- 6.9 14 8 19 19 16 24 0 $ 

6.9- 8.0 5 4 17 20 11 7 36 $ 

Mean 5 4 17 20 11 8 35 

e 25 24 51 8.0-10.0 25 4 12 8 34 17 0 $ 

a&b 5 57 38 Mean 5 6 27 24 11 10 17 

a-c 9 66 25 Kean 9 15 32 19 8 6 11 

a-d 9 62 29 Mean 9 13 30 19 8 7 14 

a-e 12 54 34 Kean 12 11 26 17 13 9 12 
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NO 69 SE 18 

Surface level c~128m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

2 96 2 

6942 9154 Moss-side 

Lithology 

Soil, humic and sandy 

Sand, well-sorted, in tabular 
cross-stratified units 
Gravel: fine, subangular granite 
Sand: medium, with coarse and some 
fine, subangular to subrounded, 
quartz with feldspar and grains of 
black decomposed pyrite 
Fines: silt, disseminated, light 
brown (5YR 5/6) 

Pit abandoned, fine sand 
collapsing in from the sides 

Depth below 

surface (m) 

from to 

0.2- 2.4 

2.4- 5.1 

5.1- 7.1 

Mean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +l/4-1 

2 4 70 

2 15 46 

2 25 51 

2 14 56 
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+1-4 

24 

34 

19 

26 

Gravel 

+4-16 

0 

3 

3 

2 

Overburden 0.2m 
Mineral I .6.9m+ 

Thickness Depth 

m 

0.2 

6.9+ 

+16-64 

0 

0 

0 

trace 

m 

0.2 

+64 mm 

0 

0 

0 

0 



NO 69 SE 19 

Surface level ct125m 
Water not struck 
250mm percussion 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Flow-till 

6994 9102 East of Pitreadie Farm 

Overburden 0.2m 
Mineral I ·4.lm 
Mineral II 0.7m+ 

Lithology 

Soil, sandy 

a Sandy gravel, with a bed of 
large boulders of coarse-grained 
granite at 2.9m depth 
Gravel: fine with coarse, sparse 
cobbles of coarse-grained granite 
from 0.8m to 1.2m; rounded, 
subrounded and tabular, pale pink 
granite, psammite and quartzite; 
sparse fe;t.site 
Sand: coarse and medium, angular 
to subangular, granite, quartz and 
feldspar; - sparse mi"ca 
Fines: silt, disseminated, light 
brown (5YR 5/6) 

b Sandy gravel, very compact, 
clay-bound 
Gravel: fine with some coarse, 
subangular, coarse-grained 
granite, microgranite and sparse 
fine-grained basic rock 
Sand: mainly coarse and medium, 
angular, granite, quartz and 
feldspar 
Fines: silt and rock-flour, · 
disseminated, and coating clasts; 
moderate brown (5YR 4/4) to 
moderate yellowish brown 
(lOYR 5/4) 

Borehole abandoned owing to slow 
progress 
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Thickness Depth 

m 

0.2 

4.1 

0.7+ 

m 

0.2 

4.3 

5.0 



NO 69 SE 19 
Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Finea Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 111111 

a 5 52 43 0.2- 2.2 6 2 18 33 21 14 6 

2.2- 4.3 4 4 17 31 24 20 0 

Hean 5 3 18 31 23 17 3 

b 9 62 29 4.3- 5.0 9 6 26 30 23 6 0 

a&b 6 53 41 Hean 6 3 19 31 23 16 2 
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NO 69 SE 20 

Surface level c~145m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Morainic drift 

Caledonian 

6926 9067 Pitreadie Farm 

Lithology 

Soil, humic and sandy 

Silty sand, with rounded pebbles 
and cobbles of coarse-grained 
pink granite; scattered angular 
granite boulders up to 60cm. 
Moderate brown (5YR 4/4} 

Diamicton, very sandy, stiff. 
Angular clasts of decomposed 
coarse-grained pink and grey 
granite, in a matrix of clayey 
granite sand. Light brown 
·(5YR -6/4} ·: .. ~-

Gravel (granite gruss} 
Gravel: fine and coarse with 
cobble, angular, decomposed 
coarse-grained pale pink granite 
Sand: mainly coarse, angular, 
granite, quartz and feldspar 
Fines: clay minerals, formed of 
decomposed feldspar and mica. 
Moderate-reddish orange 
(lOR 6/6} to-light brown 
(5YR 6/4} 
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Overburden 1.2m 
Mineral 11·1.0m+ 

Thickness Depth 

m m 

0.2 

0.6 

0.4 

1.0+ 

0.2 

0.8 

1.2 

2.2 



NO 69 SE 20 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

3 40 57 

Depth below 

surface (m) 

from to 

1.2- 2.2 

percentages 

Fines Sand Gravel 

-1/16 +l/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm· 

3 3 14 23 24 20 13 

.113 



NO 69 SE 21 

Surface level c~118m 
Water struck at c~106m 
Section and pit 
May 1989 

LOG 

6945 9202 Canmie Wood Gravel Pit 

Mineral I 12.8m+ 

Geological 
classification 

Lithology Thickness Depth 

Fluvioglacial 
sand and gravel 
(Topset beds) 

(Foreset beds) 

(Bottomset beds) 

a Gravel: in subhorizontal beds 
from 0.3m to 1.0m thick 
Gravel: coarse, with fine and some 
cobble; well-rounded, tabular and 
subrounded; mainly coarse-grained 
pink granite with fine-grained 
basic rock, felsite and grey 
psammite; some felsitic porphyry, 
semipelite and vein-quartz 
Sand: coarse and medium, with 
some fine, clean, sharp, 
subangular quartz and feldspar 
Fines: silt, disseminated, 
moderate yellowish brown 
(lOYR 5/4) 

b Sandy gravel, in fining-upwards 
graded units from 0.2m to 1.0m 
thick 
Gravel: fine and cobble with some 
coarse, as lags at the base of 
foresets; subrounded to tabular, 
mainly granite with felsite, 
psammite, semipelite and 
vein-quartz 
Sand: coarse with medium and fine, 
subangular quartz and feldspar. In 
silty beds with ripple lamination; 
some small-scale channels and 
normal faulting 
Fines: silt and clay, 
disseminated, especially in sandy 
units; moderate yellowish brown 
(lOYR 5/4) 

c Pebbly sand 
_Gravel:mainly fine, subangular to 
subrounded, granite and felsi te;, 
some psammite and vein-quartz 
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m m 

3.4 3.4 

6.7 10.1 

2.7+ 12.8 



Grading 

a 

b 

C 

a&b 

a-c 

Mean for Deposit 

percentages 

Fines Sand Gravel 

1 28 71 

5 59 36 

3 79 18 

3 49 48 

3 55 42 

Sand: coarse with medium, clean, 
subangular; quartz, feldspar and 
granite 
Fines: silt and clay, disseminated 
and as thin beds interlaminated 
with pebbly sand below 12.0m; 
moderate brown (5YR 4/4) 

Pit collapsing below water table, 
still in sand and gravel 

At least 5m of poorly exposed sand 
and gravel present overlying 
sampled face 

Depth below 

surface (ml 

from to 

0.0- 3.4 

3.4-10.1 

10.1-12.8 

Mean 

Mean 

percentages 

Fines Sand 

-1/16 +l/16-1/4 +1/4-1 +1-4 

---
1 6 11 11 

5 11 19 29 

3 4 27 48 

3 9 16 24 

3 8 19 28 
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Gravel 

+4-16 +16-64 +64 mm 

22 41 8 

15 6 15 

15 3 0 

18 18 12 

17 15 10 



NO 69 SE 22 

Surface level c~ll3m 
Water not struck 
Section and pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 
(Topset beds) 

(Bottomset beds) 

6934 9217 

Lithology 

a Gravel; clast-supported, 
horizontally bedded 

Cammie Wood 

Gravei:coarse with cobble and some 
fine, well-sorted, rounded to 
tabular; coarse-grained pink and 
red granite, psammite and 
quartzite; some gabbro, felsite, 
porphyry and granodiorite 
Sand: coarse and medium, lithic 
grains, quartz and feldspar 
Fines: iron stain, dark orange 

b Qr~y~l. iIL~abul_!!.r cross-bedded, 
fining-downwards units; some 
small-scale normal faulting 
Gravei: cobble, coarse and fine, 
rounded; microgranite, felsite, 
granite and quartzite 
Sand: mainly coarse, angular to 
subangular, granite, quartz and 
feldspar 
Fines: silt, disseminated, 
moderate brown (5YR 4/4) 

c Pebbly sand, with out-of-phase 
ripple drift; a disrupted and 
faulted bed of laminated silt, 
from 4.7m to 4.9m 
Gravei: fine, subangular granite 
Sand: mainly medium, subrounded to 
subangular, quartz and feldspar, 
clean and soft 
Fines: silt, mainly disseminated, 
dark yellowish brown (lOYR 4/2) 

Pit terminated, sand collapsing in 
from the sides 
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Mineral I .7.3m+ 

Thickness Depth 

m m 

1.1 1.1 

3.4 4.5 

2.8+ 7.3 



NO 69 SE 22 
Grading 

Mean for Deposit Depth belov 

percentages surface (m) perce_ntages 

Pines Sand Gravel Pines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 1 20 79 o.o- 1.1 1 2 8 10 9 45 25 

b 5 38 57 1.1- 4.5 5 1 9 28 18 18 21 

C 3 90 7 4.5- 7.3 3 8 63 19 7 trace 0 

a&b ' 34 62 Mean 4 1 9 24 16 24 22 

a-c ' 56 40 Mean ' 4 30 22 12 15 13 
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NO 69 SE 23 

Surface level c~113m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

6848 9160 Gallybank Plantation 

Overburden 0.2m 
Mineral I ·5.3m+ 

Lithology 

Soil; sandy, humic 

a Gravel; clast-supported, poorly 
developed horizontal 
stratification 
Gravel: coarse with cobble and 
fine, rounded to well-rounded; 
coarse-grained pink granite, with 
some quartzite, psammite and 
felsite 
Sand: medium and coarse, mainly 
quartz and feldspar 
Fines: silt and iron stain, 
disseminated; dark yellowish 
orange (lOYR 6/5) 

b Pebbly sand, with tabular cross
bedding 
Gravel: sparse. rounded granite 
cobbles, up to 10cm 
Sand: mainly medium, subangular 
quartz and feldspar, some coarse 
lithic grains; clean, sharp 
Fines:silt, disseminated; light 
brown (5YR 6/4) to greyish orange 
(lOYR 7/4) 

c Sandy gravel, with tabular 
cross-bedding 
Gravel: fine with some coarse, 
rounded to subrounded, pink and 
grey granite, vein-quartz, felsite 
and occasional psammite 
Sand: coarse with medium, clean, 
sharp, subangular, quartz, 
feldspar and granite 
Fines: little, disseminated, light 
brown (5YR 4/6) 

Pit terminated, sand and gravel 
collapsing in from the sides 
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Thickness Depth 

m m 

0.2 

0.9 

2.5 

1.9+ 

0.2 

1.1 

3.6 

5.5 



NO 69 SE 23 
Grading 

Hean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

---
from to -1/16 •1/16-1/4 •1/4-1 •1-4 •4-16 +16-64 •64 mm 

a 4 47 49 0.2- 1.1 4 1 24 22 13 22 14 

b 2 90 8 1.1- 3.6 2 3 59 28 1 trace 7· 

C 1 71 28 3.6- 5.5 1 3 23 45 20 8 0 

a&b 3 78 19 Hean 3 3 48 27 4 6 9 

a-c ·2 75 23 Hean 2 3 39 33 10 7 6 
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NO 69 SE 24 

Surface level c~108m 
Water not struck 
Pit 
May 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

6572 9060 Pitdelphin Wood 

Overburden 
Mineral I 

0.4m 
4.4m+ 

Lithology Thickness Depth 

Soil, sandy; abundant large 
rounded cobbles of granite 

Gravel, with abundant cobbles and 
boulders, up to 1.0m of coarse and 
medium-grained pale and dark pink 
granite; poorly developed 
horizontal stratification 
Gravei: cobble with coarse and 
fine, well-rounded to rounded, 
mainly granite, some granodiorite, 
porphyritic felsite and 
fine-grained basic rock 
Sand:-mainly coarse, angular, 
granite, quartz and feldspar 
Fines: silt and clay, 
disseminated, binding deposit 
above 1.8m; some iron stain at the 
top.· Moderate brown (5YR 4/4), 
becoming light brown (5YR 6/4) 
below 4.lm 

Pit terminated, sand and gravel 
collapsing in from the sides 

120 

m m 

0.4 0.4 

4.4+ 4.8 



NO 69 SE 24 
Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

1 27 72 

Depth below 

surface (m) 

from to 

0.4- 3.0 

3.0- 4.1 

4.1- 4.8 

Hean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +1/4-1 

1 1 6 

1 2 6 

2 2 17 

1 1 8 
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Gravel 

+1-4 +4-16 +16-64 +64 mm 

17 12 25 38 

15 15 27 34 

26 16 18 19 

18 14 24 34 



AUCHENBLAE - CATIERLINE RESOURCE SHEET 

NO 77 NW 1 

Surface level c.+195m 
Water not struck 
Pit 
August 1989 

LOG 

. Geological 
classification 

Flow-till 

7110 7897 Drumelzie 

Lithology 

Soil, dark brown, clayey, stony 

Diamicton; firm, fine, sandy 
silt and fine sand, very clayey 
and cohesive, micaceous. 
Moderate reddish brown 
(lOR 4/6). Some gravel clasts in 
places 

a 'Clayey' sandy gravel; gravel 
in silty clayey matrix, but 
deposit is=clast-supported 
Gravel: coarse and fine with 

· some cobble, angular to 
well-rounded, quartzite and 
metasediments including grits 
and schists 
Sand: medium with fine and 
coarse, angular to subrounded 
quartz, rock fragments, feldspar 
and mica 
Fines: disseminated silt and 
clay, binding deposit in places 

Diamicton; weakly stratified, 
clay-bound deposit, sandy and 
silty, with some clasts up to 
cobble size, angular to 
well-rounded. Firm, moderate 
reddish brown (lOR 4/6) 

b 'Very clayey' sandy gravel; 
diamictic deposit, clay-bound in 
places, poorly sorted 
Gravel: fine and coarse with 
cobble; subangular to subrounded 
quartzite, grits and schists 
Sand: fine with medium and 
coarse, subangular to 
subrounded, quartz, rock 
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Overburden 0.6 
Mineral II 0.6 
Waste 0.6 
Mineral II 2.0+ 

Thickness Depth 

m m 

0.3 

0.3 

0.6 

0.6 

2.0+ 

0.3 

0.6 

1.2 

1.8 

3.8 



fragments, mica and feldspar 
Fines: silt and clay binding 
deposit and coating grains and 
clasts 

Grading 

Mean for Deposit Depth belov 

percentages surface (m) percentages 

Fines Sand Gravel Finea Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 16 50 34 0.6- 1.2 16 21 17 12 15 14 5 

b 26 50 24 1.8- 2.8 27 30 16 10 11 6 0 

2.8- 3.8 24 21 14 10 9 8 14 

Mean 26 25 15 10 10 7 7 

a&b 23 52 25 Mean 23 26 15 11 11 8 6 
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NO 77 NW 2 

Surface level c.+120m 
Water struck at +114m 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Till 

7239 7925 Fungo Billick, Auchenblae 

Lithology 

Soil; light sandy silty soil 
with some gravel at the base 

a Gravel; dirty and 'silty' near 
top with clayey coats on clasts 
and a cohesive sandy silty 
matrix 
Gravel: coarse and fine with 
some cobble, subangular to 
well-rounded, quartzite, quartz
and mica-schist, vein-quartz, 
with rare sandstone, granitic 
material and volcanics 
Sand: fine, medium and coarse, 
angular to subangular, quartz, 
rock fragments, feldspar and 
mica 
Fines: disseminated silt and 
clay, coating grains and clasts 

No recovery. Very hard compact 
ground, possibly boulder gravel 

b Gravel; slightly claybound 0 to 
about 3.8m, where a 10cm band of 
flow till is developed. Cleaner 
from 4.0m, moderate yellowish 
brown {lOYR 5/4) 
Gravel: fine with coarse and a 
little cobble, angular to 
well-rounded, quartz- and 
mica-schist, quartzite, vein
quartz, and some volcanics 
Sand: coarse with medium and 
some fine angular to subrounded, 
quartz, feldspar, rock 
fragments 
Fines: disseminated silt and 
clay, coating grains and clasts 
and binding deposit in places 

Diamicton; moderate reddish 
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Overburden 
Mineral I 
Waste 

· Mineral I 
Waste 

0.3 
· 1.0 
2.1 
2.4 
2.2+ 

Thickness Depth. 

m m 

0.3 

1.0 1.3 

2.1 3.4 

2.4 5.8 

2.2+ 8.0 



brown (lOR 4/6), massive, matrix 
supported, silty sandy; firm but 
plastic 

Grading 

Hean for Deposit Depth below 

percentages surface (m) percentage• 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +l/16-1/4 +1/4-1 +l-4 +4-16 +16-64 +64 mm 

--- ---
a 6 23 71 0.3- 1.3 6 7 8 8 26 39 6 

b 5 41 54 3.4- 4.4 6 7 15 24 33 15 0 

4.4- 5.8 4 3 8 26 45 14 0 

Hean 5 5 11 25 40 14 0 

a&b 5 35 60 Hean 5 5 10 20 36 22 2 
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NO 77 NW 3 

Surface level c.+115m 
Water not struck 
Section and pit 
August 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

7282 7844 Gilbert's Hill, Auchenblae 

Overburden 0.1 
Mineral I ·7.3+ 

Lithology 

Soil; stony, thin 

a Gravel; poorly stratified, but 
tending to coarsen upwards, 
generally massive. Some weak 
imbrication in places below 
0.9m. Some schist clasts are 
deeply weathered. Sandy silt 
layer between 0.8 and 0~9m 
Gravei: coarse and fine with 
some cobble, angular to 
subrounded, quartzite, grits, 
schist and some volcanics 
Sand:~ coarse· wi0th medium and a: 
little fine, angular to 
subrounded, quartz, rock 
fragments and feldspar 
Fines: low, disseminated silt 
and clay 

b P~bbly sand; poorly sorted 
and weakly stratified, chiefly 
gravel clasts in a sand matrix. 
Becomes increasingly sandy with 
depth 
Gravei: fine with some coarse 
and rare cobbles, subangular to 
rounded quartzite, vein-quartz, 
grits and schist 
Sand: medium with coarse and 
some fine, angular to subrounded 
quartz, rock fragments, feldspar 
and mica 
Fines: low, disseminated silt 
and clay· 

c Gravel; sharp transition from 
pebbly sands above into gravel. 
Gravels appear well sorted with 
some sand matrix 
Gravei: fine with coarse and 
trace cobble, angular to rounded 
quartzite, vein-quartz, grits, 
schists and some volcanics and 
granitic material 
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Thickness Depth 

m 

0.1 

2.8 

4.0 

0.5+ 

m 

0.1 

2.9 

6.9 



Sand: coarse with medium and 
trace fine, angular to 
subrounded quartz, feldspar and 
rock fragments 
Ftnes: low, disseminated silt 
and clay 

Grading 

Hean for Deposit Depth belov 

percentage a surface (m) percentage• 

Fine• Sand Gravel Fine• Sand Gravel 

from to -1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

a 1 43 56 0.1- 0.8 1 1 12 26 25 35 0 

0.8- 1.9 1 5 22 17 24 31 0 

1.9- 2.9 1 1 19 24 28 18 9 

Hean 1 3 18 22 26 27 3 

b 1 79 20 2,9- 3.9 1 5 49 21 18 6 0 

3.9- 4.9 1 4 41 25 18 11 0 

4.9- 5.9 1 7 57 17 12 6 0 

5.9- 6.9 2 15 57 13 10 3 0 

Hean 1 8 52 19 14 6 0 

C 1 39 60 6.9- 7.4 1 1 14 24 49 11 0 

a-c 1 ·62 37 Mean 1 5 37 20 21 15 1 
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NO 77 NW 4 

Surface level c.+110m 
Water not struck 
Section and pit 
August 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

7293 7815 Drumsleed, Auchenblae 

Overburden 0.3 
Mineral I ·6.1 
Waste 1.0 
Mineral I 2.0+ 

Lithology 

Soil; gravelly 

a Sandy gravel: weakly cross
stratified gravels in upper 
metre, passing down into cross 
stratified open framework 
gravels with silty sandy layers. 
Deposit becomes much less gravel 
rich from 3.7m below a 0.4m 
silty sand layer 
Gravel: fine with coarse, 
subangular to rounded quartzite, 
vein quartz, some schist, 
granitic material, andesite and 
grits 
Sand: medium with coarse and a 
little fine, angular to 
subrounded, quartz, feldspar and 
rock fragments 
Fines: generally low, 
disseminated silt and clay 

b 'Clayey' sand; silty fine 
sand, lacking clear cross
stratification of above deposit. 
Moderate reddish brown {lOR 4/6) 
Sand: Medium with 'fine and a 
little coarse, subangular to 
subrounded quartz, feldspar, 
mica and rock fragments 
Fines: chiefly disseminated silt 
and clay, though some clayey 
silty bands are present in 
places 

Silt; sandy, micaceous, moderate 
reddish brown 

c Pebbly sand; appears to fine 
downwards, becoming more·silty 
below 8.4m 
Gravel: fine and coarse, 
subangular· to subrounded 
quartzite, vein quartz and 
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Thickness Depth 

m m 

0.3 

4.9 

1.2 

1.0 

2.0+ 

0.3 

5.2 

6.4 

7.4 

9.4 



grits 
Sand: medium with some coarse 
and a little fine angular to 
subrounded quartz, feldspar, 
mica and rock fragments 
Fines: low, disseminated silt 
and clay 

Grading 

Hean for Deposit Depth belov 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
a 5 55 40 0.3- 1.3 Ho grading data available 

1.3- 3.3 1 1 5 20 53 20 0 

3.3- 5.2 8 5 60 22 2 3 0 

Hean 5 3 31 21 28 12 0 

b 19 81 0 5.2- 6.4 19 31 49 1 trace 0 0 

C 3 90 7 7.4- 9.4 3 4 71 15 4 3 0 

a-c 6 68 26 Hean 6 7 45 16 18 8 0 
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NO 77 NW 5 

Surface level c.+llOm 
Water struck at +99m 
250mm percussion 
September 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Till 

Old Red Sandstone 

7367 7872 Bankhead 

Lithology 

Soil; sandy, slightly clayey and 
stony soil 

Gravel; 
Gravel: fine with coarse and 
some cobble, angular to 
well-rounded, quartzite, vein 
quartz, grits, psammite, some 
sandstone and lava (andesitic) 
Sand: coarse and medium with 
some fine, angular to subangular 
quartz, rock fragments and 
feldspar 
F{ri.es: disseminated and as coats 
on grains 

Diamicton; firm to hard, 
moderate reddish brown {lOR 4/6) 
with clasts up to cobble size 

Mudstone; moderate reddish 
brown (lOR 4/6), silty sandy 
mudstone, weathered, micaceous 
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Overburden 
Mineral I 
Waste 
Bedrock 

0.3 
11.6 
1.2 
0.3+ 

Thickness Depth 

m m 

0.3 0.3 

11.6 11.9 

1.2 13.1 

0.3+ 13.4 



NO 77 NW 5 
Grading 

Hean for Deposit .Depth. below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

---
from to -1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
6 45 49 0.3- 1.3 5 6 20 25 24 20 0 

1.3- 2.3 2 7 11 18 27 11 24 

2.3- 3.3 9 8 18 24 28 13 0 

3.3- 4.4 8 7 20 18 24 23 0 

4.4- 5.7 7 7 25 18 26 17 0 

5.7- 6.7 5 5 19 21 27 · 19 4 

6.7- 8.1 6 6 17 23 27 17 4 

8.1- 9.1 5 5 12 18 18 25 17 

9.1-10.1 8 4 10 20 30 28 0 

10.1-10.8 7 6 15 27 35 10 0 

10.8-11.9 8 9 24 26 25 8 0 s 
Hean 6 6 18 21 28 17 4 
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NO 77 NW 6 

Surface level c.+80m 
Water not struck 
Section and pit 
August 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and· gravel 

Till 

7309 7705 Mains of Fordoun 

Mineral I 
Waste 

5.2 
1.2+ 

Lithology Thickness Depth 

Sand; stratified, with silty top 
inaccessible and not sampled 

Gravel; cross-stratified with 
thin silty, sandy laminae on top 
of the stratified units. 
Becomes finer upwards; 
moderately well-sorted 
Gravei: fine with coarse 
subangular to subrounded 
quartzite, vein quartz, schists 
and some sandstone 
Sand: coarse with medium and a 
little fine; subangular to 
rounded quartz, feldspar, rock 
fragments and mica 
Fines: low, disseminated, silt 
and clay 

Sand; moderate reddish brown; 
laminated in places, with some 
fine and coarse gravel clasts. 
Sand: medium and coarse with 
some fine, angular to subrounded 
quartz, feldspar, rock fragments 
and some mica 
Fines: disseminated silt and 
clay, becoming more abundant 
with depth 

Silt; sandy, laminated and 
clayey; moderate reddish brown 

Diamicton; stiff, massive, 
moderate reddish brown (lOR 4/6) 
with clasts up to boulder size 
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m m 

0.5 0.5 

1.0 1.5 

3,7 5.2 

1.0 6.2 · 

0.2+ 6.4 



NO 77 NW 6 
Grading 

Hean for Deposit 

percentages 

Pines Sand Gravel 

-- -- ---

a 

b 3 47 50 

C 4 93 3 

Depth below 

surface (m) 

from to 

0.5- 1.5 

1. 5- 3.5 

3.5- 5.2 

Mean 

percentages 

Pines Sand Gravel 

---
-1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
Ho grading data available for this deposit 

3 3 21 23 31 19 0 

2 1 38 56 3 0 0 

7 9 57 22 2 3 0 

4 4 48 41 2 1 0 
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NO 77 NW 7 

Surface level c,+70m 
Water not struck 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Alluvium 

Till 

Old Red Sandstone 

7312 7681 Mains of Fordoun 

Lithology 

Soil; silty, clayey and stony 

Clay; variable sequence of very 
stiff medium reddish brown 
micaceous silty clays with 
layers of fine sand and gravel 
up to 10cm thick. Thin c.20mm 
thick layers of blue green 
(5BG 7/2) clay adjacent to sandy 
horizons 

Gravel; poorly sorted 'dirty' 
gravels, sandy~~ ~ll.ty in part 
Gravid:- fine~~i th -coarse and 
trace cobble, angular to 
subrounded vein-quartz, quartz
schist, mica schist, volcanics 
including ignimbrite, quartz 
porphyry and andesite 
Sand: coarse with medium and 
some fine, angular to subrounded 
quartz, rock fragments and some 
mica 
Fines: disseminated silt and 
clay, binding deposit in places 

Diamicton; moderate reddish 
brown (lOR 4/6) silty clay. 
Angular to subrounded clasts up 
to coarse gravel size with some 
cobbles 

Sandstone; soft, weathered, 
fine, micaceous sandstone; 
moderate reddish brown (lOR 4/6) 
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Overburden 
Mineral I 
Waste 
Bedrock 

1.5 
0.9 
5.2 
0.4+ 

Thickness Depth 

m m 

0.3 

1.2 

0.9 

5.2 

0.4+ 

0.3 

1.5 

2.4 

7.6 

8.0 



NO 77 NW 7 
Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

9 44 47 

Depth below 

surface (m) 

from to 

1.5- 2.4 

· percentages 

Fines Sand Gravel 

-1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

9 9 15 20 30 17 0 $ 
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NO 77 NW 8 

Surface level c.+65m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

5 35 60 

7322 7546 Bomershanoe Wood 

Lithology 

Soil; sandy, gravelly 

Gravel: moderate reddish brown 
(lOR 4/6} with clay coats on 
grains and clasts; 'dirty' and 
somewhat diamictic in 
appareance, becoming cleaner 
with depth. Poorly sorted and 
stratified 
Gravei: coarse and fine with 
some cobble, angular to 
well-rounded 
Sand: medium and coarse with 
some fine, subangular to 
subrounded quartz, rock 
fragments and feldspar 
Fines: disseminated silt and 
clay, coating grains and binding 
deposit in places 

Depth below 

surface (ml 

from to 

0.3- 1.3 

1.3- 2.3 

2.3- 3.5 

3.5- 4.5 

Mean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +1/4-1 +1-4 

5 4 11 17 

4 4 11 7 

4 3 25 16 

5 3 14 18 

5 4 16 15 
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Gravel 

+4-16 

31 

22 

23 

30 

26 

Overburden 0.3 
Mineral I 4.2+ 

Thickness Depth 

m 

0.3 

4.2+ 

+16-64 

32 

37 

29 

23 

29 

m 

0.3 

4.5 

+64 mm 

0 

15 

0 

7 

5 



NO 77 NW 9 

Surface level c.+105m 
Water struck at +99m 
Section and pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

7457 7877 Monboddo House 

Lithology 

Soil; gravelly 

a Sandy gravel; generally 
moderately well stratified, 
becoming more gravel rich with 
depth; moderately well-sorted. 
Sand bands with silty tops occur 
in the upper part of the deposit 
Gravel: coarse and fine with 
trace cobble angular to rounded 
quartzite, vein-quartz, schist 
and volcanics, chiefly andesite. 
Volcanic material is quite 
abundant 
Sand: medium and coarse with a 
little fine angular to 
subrounded quartz, feldspar and 
rock·fragments 
Fines: disseminated silt and 
clay 

b Sand; variable with cross
stratified coarse sands and more 
silty fine sands; pebbles 
present in places, but not 
abundant 
Sand: medium with coarse and 
some fine, angular to rounded 
quartz, feldspar, rock fragments 
and mica 
Fines: silt and clay in thin 
laminae in places and 
disseminated 
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Overburden 0.2 
Mineral I. 6.4+ 

Thickness Depth 

m 

0.2 

3.4 

3.0+ 

m 

0.2 

3.6 

6.6 



NO 77 NW 9 
Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Pines Sand Gravel Pines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---

a 2 68 30 0.2- 0.6 4 10 40 13 12 21 0 

0.6- 2.1 2 4 35 37 15 7 0 

2.1- 3.6 2 4 27 29 14 24 0 

Hean 2 4 33 31 14 16 0 

b 5 92 3 3.6- 4.6 5 16 63 11 3 2 0 

4.6- 5.6 4 7 57 28 3 1 0 

5.6- 6.6 8 7 81 4 0 0 0 

Hean 5 10 67 15 2 1 .0 

a&b 4 78 18 Hean 4 7 48 23 9 9 0 
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NO 77 NW 10 

Surface level c.+llOm 
Water struck at +95m 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Flow-till 

Glacial sand 
and gravel 

Flow-till 

Glacial sand 
and gravel 

7479 7880 Temple Fauchs 

Overburden 
Mineral I 
Waste 
Mineral 

0.9 
9.2 
1.6 
8.9+ 

Lithology Thickness Depth 

Soil; medium brown (5YR 4/4), 
silty loam, pebbly 

Diamicton; moderate reddish 
brown (!OR 4/6), stiff silty 
clay with clasts of 
quartz-schist, schistose grit, 
vein-quartz and, notably, 
Lintrathan-type porphyry 
material 

a Gravel; poorly sorted with 
silt and clay which binds the 
deposit in places; silt and clay 
give a moderate reddish brown 
(lOR 4/6) to the deposit 
Gravei: fine and coarse with 
some cobble, angular to 
subrounded quartzite, vein
quartz, schistose grit, 
decomposed volcanics and 
sandstone with some porphyry 
Sand: coarse with medium and 
some fine, angular to subrounded 
quartzite, rock fragments and 
some mica 
Fines: disseminated silt and 
clay, sufficient to bind the 
deposit in places 

b 'Clayey' gravel; very hard 
clay bound deposit, but 
compositionally as above 
Gravei: fine with coarse and 
cobble, lithologies as above 
Sand: coarse with medium and 
some fine, lithologies as above 
Fines: silt and clay binding the 
deposit 

c Gravel; unit becomes less 
gravel-rich with depth to 10.lm 
Gravei: fine with coarse and a 
little cobble, angular to 
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m m 

0.3 0.3 

0.6 0.9 

4.0 4.9 

1.0 5.9 

4.2 10.1 



Glaciolacustrine 
deposits 

Glacial sand 
and gravel 

subrounded quartzite, vein
quartz, schistose grit, fresh to 
decomposed volcanics, decomposed 
sandstone and some porphyry 
Sand: medium with fine and some 
coarse angular, to subrounded 
quartz, rock fragments and some 
mica 
Fines: disseminated silt and 
clay 

Silt; laminated, micaceous, 
moderate reddish brown 
(lOR 4/6). Laminated on the 
scale of a few millimetres with 
clayey silt and silty-fine sand 
laminae. A single c.70mm layer 
of clay-bound sand and gravel 
occurs at about 10.4m 

d 'Clayey' sand; moderate 
reddish brown (lOR 4/6) with 
silty and clayey horizons in 
places and rare fine-gravel 
sized clasts 
Sand: fine with medium and trace 
coarse, angular to subrounded 
quartz, rock fragments and mica 

·Fines: siltand clay, 
concentrated in laminae and 
disseminated 

e Sandy gravel; coarsening 
downwards 
Gravel: fine with coarse and 
trace cobble, angular to 
subrounded mudstones, porphyry, 
non-porphyritic volcanics and 
quartzite 
Sand: medium with coarse and 
some fine, angular to subrounded 
quartz and rock fragments 
Fines: disseminated silt and 
clay 

Borehole terminated at 20.6m in 
mineral due to very slow 
progress 
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1.6 11. 7 

6.5 18.2 

2.4+ 20.6 



NO 77 NW 10 
G_rading 

Mean for Deposit Depth below 

percentages surface (m) percentagea 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 4 41 55 0.9- 2.1 6 5 15 19 26 23 6 

2.1- 3.5 4 3 14 20 23 25 11 

3.5- 4.9 3 4 15 26 26 26 0 

Mean 4 4 15 22 25 24 6 

b 12 40 48 4.9- 5.9 12 6 13 21 23 13 12 

C 4 60 36 5.9- 7.1 4 4 14 25 27 19 7 

7.1- 8.4 5 9 31 19 ·23 13 0 

8.4-10.1 4 8 43 20 13 12 0 

Mean 4 7 32 21 20 14 2 

d 17 83 0 11.7-13.4 25 56 19 0 0 0 0 

13.4-14.7 15 37 47 1 0 0 0 

14.7-16.6 15 55 30 0 0 0 0 $ 

16.6-18.2 14 62 24 0 0 0 0 $ 

Mean 17 54 29 trace trace trace 0 

e 4 61 35 18.2-19.6 5 14 40. 19 11 11 0 $ 

19.6-20.6 2 3 15 28 37 15 0 $ 

Mean 4 10 28 23 22 13 0 

a-e 9 63 28 Mean 9 23 26 14 15 11 2 

141 



NO 77 NW 11 

Surface level c.+65m 
Water not struck 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

Till 

Pittengardner 

Lithology 

Soil, sandy and silty, light 
medium brown 

Pebbly sand; clean, moderate 
reddish brown {10R 4/6): deposit 
fines down in general, though it 
becomes more gravel rich from 
6.2 to 7.1m 
Gravel: fine with coarse, 
quartzite, volcanics, sandstone, 
gritty breccia, and quartz
schist 
Sand: medium with some coarse 
and fine, subangula~c to 
subrounded quartz, feldspar, 
rock fragments and mica 
Fines: chiefly disseminated silt 
and clay, but also concentrated 
in occasional clay-bound layers 

Diamicton: moderate reddish 
brown, stiff clay wth abundant 
subangular to subrounded clasts 
up to 120mm, chiefly quartzite 
and red siltstone 
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Overburden 0.3 
Mineral I 6.8 
Waste 1. 7+ 

Thickness Depth 

m m 

0.3 0.3 

6.8 7.1 

1. 7+ 8.8 



NO 77 NW 11 
Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

---
from to -1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

---
6 79 15 0.3- 0.8 4 6 34 23 25 8 0 

0.8- 2.1 5 13 51 13 12 6 0 

2.1- 3.4 7 23 41 13 10 6 0 

3.4- 4.7 7 10 55 14 10 4 0 

4.7- 6.2 7 14 58 11 8 2 0 

6.2- 7.1 7 17 45 15 13 3 0 

Hean 6 14 51 14 11 4 0 
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NO 77 NE 1 

Surface level c.+110m 
Water struck at +97m 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and Gravel 

7526 7888 Causeywell Brae 

Overburden 
Mineral I 
Waste 
Mineral I 

0.1 
21.5 
0.3 
1.6+ 

Lithology Thickness Depth 

Soil; light brown, silty, sandy 
with gravel 

a Sandy gravel; moderate reddish 
brown (lOR 4/6} to moderate 
brown (5R 4/4}; clayey in places 
with clayey matrix binding the 
deposit. Lowermost 0.6m is more 
sandy 
Gravei: fine with coarse and a 
little cobble, quartzite 
schistose grit, andesite, silty 
sandstone, vein-quartz and 
qu-artz ..;;-feldspar" j:forphyry-
Sand: medium with fine and some 
coarse, subangular to subrounded 
quartz and rock fragments 
Fines: chiefly as disseminated 
silt and clay, but also 
concentrated in clayey silt 
lenses 

b 'Clayey' sand; becoming finer 
with depth. Moderate reddish 
brown and cohesive. Contains 
some rare subangular to 
subrounded fine gravel clasts 
Sand: fine with medium and a 
little coarse, subangular to 
subrounded quartz, rock 
fragments and mica 
Fines: disseminated silt and 
clay 

c Sandy gravel; clayey from 12.0 
to 13.4m, thence much cleaner 
Gravei: fine with coarse, 
angular to subrounded with some 
(rare} cobbles to 100mm in size, 
red granite, volcanics, some 
sandstone, quartz-feldspar 
porphyry, vein-quartz and mica 
schist 
Sand: medium with coarse and 
fine, subangular to subrounded, 
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m m 

0.1 0.1 

6.0 6.1 

5.9 12.0 

3.0 15.0 



Glacial sand 
and gravel 

quartz, rock fragments and mica 
Fines: disseminated silt and 
clay 

d Sand; becoming gravel-free 
with depth to 18.2m, but 
containing a small percentage of 
gravel from 15.0 to 16.7m 
Gravel: fine with some coarse, 
subangular to subrounded; 
lithologies as above 
Sand: medium witb fine and a 
little coarse, subangular to 
subrounded quartz, rock 
fragments and mica 
Fines: disseminated silt and 
clay 

e Sandy gravel; deposit coarsens 
downwards with cobbles up to 
100mm, though rare 
Gravel: fine with coarse, and 
rare cobble, subangular to 
subrounded, quartzite, vein
quartz, red granite, porphyry, 
mica schist, sandstone and 
volcanics 
Sand: coarse with medium and 
some fine, subangular to 
subrounded quartz, rock 
fragments and mica 
Fines: disseminated silt and 
clay 

f Sand; 
-Sand: medium with some fine and 
a little coarse, subangular to 
subrounded quartz and rock 
fragments 
Fines: disseminated silt and 
clay 

Silt; laminated micaceous silt 
and clay, cohesive 

g 'Clayey' sand; becoming 
slightly pebbly with some fine 
and trace coarse gravel from 
23.2m 
Sand: medium with some fine and 
a little coarse, quartz, rock 
fragments and mica 
Fines: disseminated silt and 
clay, decreasing with depth 

Borehole terminated in mineral 
at 23.5m due to very slow 
progress 
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3.2 18.2 

20.5 

1.1 21.6 

0.3 21.9 

1.6+ 23.5 



NO 77 NE 1 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

---
from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---

a 5 53 42 0.1- 2.1 8 10 29 18 19 16 0 
2.1- 3.1 4 4 22 20 23 22 5 
3.1- 4.4 3 4 16 20 26 19 12 
4.4- 5.5 3 6 27 17 31 16 0 
5.5- 6.1 7 30 45 4 4 10 0 

Mean 5 9 27 17 22 17 3 

b 10 90 0 6.1- 8.3 10 38 49 2 1 0 0 
8.3- 9.7 9 42 48 1 0 0 0 
9.7-10.9 10 67 23 0 0 0 0 

10.9-12.0 14 76 9 1 0 0 0 
Mean 10 53 36 1 trace trace 0 

C 6 64 30 12.o-i3.4 10 30 34 6 9 11 0 
13.4-15.0 2 5 23 30 26 14 0 $ 

Mean 6 16 28 20 18 12 0 

d 6 93 1 15.0-16.7 7 29 54 6 3 1 0 $ 

16.7-18.2 5 19 73 3 0 0 0 $ 

Mean 6 24 65 4 1 trace 0 

e 2 53 45 18.2-19.5 2 5 18 30 36 9 0 $ 

19.5-20.5 2 3 14 36 32 13 0 $ 

Mean 2 4 16 33 34 11 0 

f 5 95 0 20.5-21.6 5 19 75 1 trace 0 0 $ 

g 10 89 1 21.9-23. 5 10 27 60 2 1 trace 0 $ 

a-g 7 73 20 Mean 7 24 38 11 12 7 1 
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NO 77 NE 2 

Surface level c.+60m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and 
gravel 

7542 7589 Rob's Hillock, Fordoun 

Overburden 0.3 
Mineral I 1.8+ 

Lithology 

Soil; sandy, gravelly 

'Clayey' gravel; moderately 
well-stratified, open framework, 
clast-supported gravels; some· 
clay binds deposit in top 0.3m 
but cleaner and well-sorted with 
depth, fines content drops 
markedly below 1.3m 
Gravel: fine with coarse, 
subangular to well-rounded, 
quartzite, vein-quartz, schists, 
some volcanics and mudstone 
Sand: coarse with medium and 
trace fine, angular to 
subrounded quartz, feldspar and 
rock fragments 
Fines: disseminated silt and 
clay, but with sufficent in top 
0.3m of deposit to give a 
'clayey' classification 

Terminated at 2.lm in mineral 
due to badly collapsing pit 
sides 
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Thickness Depth 

m 

0.3 

1.8+ 

m 

0.3 

2.1 



NO 77 NE 2 
Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

10 34 56 

Depth below 

surface (ml 

from to 

0.3- 1.3 

1. 3- 2 .1 

Hean 

percentages 

Fines 

-1/16 

17 

2 

10 

Sand 

+l/16-1/4 +l/4-1 

l 

0 

trace 

148 

8 

24 

15 

+l-4 

15 

23 

19 

Gravel 

+4-16 

35 

29 

33 

+16-64 

24 

22 

23 

+64 mm 

0 

0 

0 



NO 77 NE 3 

Surface level c.+60m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and 
gravel 

Till 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

5 72 23 

7584 7579 Whiteriggs, Fordoun 

Overburden 0.5 
Mineral I 2.0 

Lithology 

Soil; sandy, slightly clayey 

Pebbly sand; moderately 
well-stratified, moderate 
reddish brown (lOR 4/6); clean, 
but slightly cohesive 
Gravel: fine with coarse, 
subangular to well-rounded 
schists, grits, quartzite, vein
quartz, volcanics and red 
mudstone 
Sand: medium with some coarse 
and fine, subangular to 
subrounded, quartz, feldspar, 
rock fragments and mica 
Fines: disseminated silt and 
clay 

Diamicton; moderate reddish 
brown (lOR 4/6), firm clay with 
clasts up to boulder-size. 
Bleached in top 10-15cm 

Depth below 

surface (m) percentages 

Fines Sand 

---
from to -1/16 •1/16-1/4 +1/4-1 +1-4 

--- ---
0. 5- 1. 5 4 5 54 10 

1.5- 2. 5 7 11 50 13 
Mean 5 8 53 11 
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Gravel 

+4-16 

Waste 0.2+ 

Thickness Depth 

m 

0.5 

2.0 

0.2+ 

+16-64 

m 

0.5 

2.5 

+64 mm 

---
15 12 0 
14 5 0 
15 8 0 



NO 77 NE 4 

Surface level c.+120m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel(?) 

Old Red Sandstone 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

6 36 58 

7647 7930 Laftan Knowes, Castleton 

Overburden 0.2 
Mineral I 1.8 

Lithology 

Soil; turf and sandy, gravelly 
soil 

Gravel; 'dirty' gravel, massive, 
poorly to moderately stratified 
with clasts up to 300mm. 
Deposit probably derived locally 
from ORS conglomerate bedrock 
Gravel: coarse with fine and 
some cobble, rounded to 
well-rounded, chiefly quartzite 
Sand: medium with some fine and 
coarse, subangular to subrounded 
quartz, feldspar, rock iragm"ents 
and mica 
Fines: disseminated silt and 
clay coating grains and clasts, 
sufficient to bind the deposit 
in places 

Conglomerate; well~rounded 
cobbles and coarse-gravel sized 
clasts in a sandy volcaniclastic 
matrix 

Depth below 

surface (ml 

from to 

0.2- 1.2 

1.2- 2.0 

Hean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +l/4-1 +1-4 

6 

6 

6 

11 

4 

8 

150 

27 

17 

22 

6 

6 

6 

Bedrock 0.3+ 

Gravel 

+4-16 

19 

24 

21 

Thickness Depth 

m m 

0.2 0.2 

1.8 2.0 

0.3+ 2.3 

+16-64 +64 mm 

31 

35 

33 

0 

8 

4 



NO 77 NE 5 

Surface level c.+105m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Flow-till 

Glacial sand 
and gravel 

Castleton 

Lithology 

Soil; moderate ·reddish brown 
(lOR 4/6) clayey stony soil 

Diamicton; moderate reddish 
brown {lOR 4/6) stiff, hard. 
Matrix supported; clasts of 
rotted schist and siltstone in 
clay matrix; massive, 
structureless 

Gravel; massive, apparently 
poorly stratified 'loose' clean 
gravels with clasts up to 100mm 
Gravel: coarse with fine and a 
little cobble, subangular to 
well-rounded schists, grits, 
quartzite, volcanics and 
mudstone 
Sand: medium and coarse with a 
little fine, angular to 
subrounded quartz, feldspar and 
rock fragments 
Fines: low, disseminated silt 
and clay 

Pit terminated at 2.7m due to 
badly collapsing pit sides 
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Overburden 0.9 
Mineral I 1.8+ 

Thickness Depth 

m m 

0.3 0.3 

o.6 0.9 

1.8+ 



NO 77 NE 5 
Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

2 33 65 

Depth below 

surface (ml 

from to 

0.9- 1.9 

1.9- 2. 7 

Hean 

percentages 

Fines 

-1/16 

2 

2 

2 

Sand 

+l/16-1/4 +l/4-1 

1 

4 

2 

152 

17 

14 

16 

+1-4 

17 

12 

15 

Gravel 

+4-16 

26 

29 

27 

+16-64 

37 

32 

35 

+64 mm 

0 

7 

3 



NO 77 NE 6 

Surface level c.+75m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Flow-till 
sequence 

7677 7806 Abbeyton 

Lithology 

Soil; dark reddish brown stony 
clay soil 

Diamicton: bright red, very 
clast-rich till. Clasts chiefly 
of red mudstone with some of 
rotted schist in upper 2m of 
deposit. Weakly stratified and 
more sandy and silty in places. 
Also wet in places with fine 
gravels in a wet sticky clay 
matrix 

153 

Waste 3.8+ 

Thickness Depth 

m m 

0 • .3 0.3 

3.5+ 3.8 



NO 77 NE 7 

Surface level c.+55m 
Water struck at c.+Slm 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Alluvium 

Till 

? Old Red 
Sandstone 

Old Red 
Sandstone 

7632 7546 Bridge of Kair 

Lithology 

Soil; moderate yellowish brown 
silty clay soil 

Cobble and boulder gravel; 
massive, very hard and compact, 
clay-bound in part. 
(Insufficient material recovered 
for a sample for grading} 

Diamicton; very hard, moderate 
reddish brown, very poor 
recovery 

-Gravel: coarse," angular to 
subrounded schist, grit, 
quartzite, vein-quartz and red 
mudstone 

? Siltstone: red, soft and 
weathered (much broken up.by 
drilling method and retrieved as 
slurry} 

Conglomerate; weathered gravelly 
conglomerate; clasts up to 64mm 
quartzite, vein-quartz, schist 
and grit together with clasts of 
lithified sand matrix with 
moulds of cobble clasts 
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Waste 
Bedrock 

3.8 
1.1+ 

Thickness Depth 

m m 

0.3 0.3 

1.7 2.0 

1.5 3.5 

0.3 3.8 

0.4 4.2 

4.9 



NO 77 NE 8 

Surface level c.+115m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

7763 7985 East Mondynes 

Overburden 
Mineral I 

0.3 
3.3+ 

Lithology Thickness Depth 

Soil; sandy stony clay soil 

a Sandy gravel: diamictic 
poorly sorted and stratified, 
becomes damp with depth from 
2.0m 
Gravel: fine with coarse and a 
little cobble, subangular to 
well-rounded, quartzite, vein
quartz and grit 
Sand: fine with medium and some 
coarse, subangular to rounded, 
quartz, feldspar, mica and rock 
fragments 
Fines: silt and clay, 
disseminated in general, but 
also binding the deposit in 
places 

b 'Very clayey' pebbly sand: 
some pebbly bands in top 0.5m 
or so, thereafter passes down 
into silty clayey sand. 
Micaceous, moderate reddish 
brown 
Gravel: fine with a little 
coarse, composition as above 
Sand: fine with medium and.some 
coarse, angular to rounded 
quartz, feldspar, rock fragments 
and mica 
Fines: disseminated silt and 
clay, building the deposit 
locally 
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m 

0.3 

2.1 

1.2 

m 

0.3 

2.4 

3.6+ 



NO 77 NE 8 
Grading 

Hean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
a 4 50 46 0.3- 1.3 4 6 30 17 23 20 0 

1.3- 2.4 3 7 21 19 26 20 4 

Hean 4 7 25 18 24 20 2 

b 27 66 7 2.4- 3.6 27 36 24 6 6 1 0 

a&b 12 56 32 Hean 12 17 25 14 18 13 1 
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NO 77 NE 9 

Surface level c.+llOm 
Water not struck 
Pit 
August 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 

7755 7952 -East Mondynes 

Lithology 

Soil; dark yellowish brown, 
sandy, silty, with some gravel 
clasts 

a Sandy gravel; 'dirty' 
diamictic gravel; poorly sorted 
and stratified 
Gravei: coarse with fine and 
cobble, subangular to rounded 
quartzite, schist, vein-quartz 
and volcanics 
Sand: medium with fine and 
coarse, angular to subrounded 
quartz, rock fragments and 
feldspar 
Fines: disseminated silt and 
clay, coating grains and clasts 

b Pebbly sand; gravel clasts are 
contamination from above deposit 
incurred during sampling 
Gravei: fine and coarse, details 
as above 
Sand: fine with medium and a 
little coarse, angular to 
subrounded quartz, feldspar, 
mica and rock fragments 
Fines: disseminated silt and 
clay 

c Gravel; diamictic and 'clayey' 
from 1.6 to 2.6m with cohesive 
sandy, clayey matrix. Some 
clasts are in excess of 200mm in 
size, massive, poorly sorted 
Gravei: coarse with cobble and 
fine, angular to well-rounded 
conglomerate, schist, grit, 
mudstone, decomposed volcanics 
(including andesite and basalt), 
quartzite and vein-quartz 

Sand: medium with coarse and 
fine, angular to subrounded 
quartz, feldspar, and rock 
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Overburden 0.2 
Mineral I 3.8+ 

Thickness Depth 

m m 

0.2 0.2 

0.6 0.8 

0.8 1.6 

2.4+ 4.0 



fragments 
Fines: disseminated silt and 
clay, also binding deposit 
in places 

Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fine• Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 8 48 44 0.2- 0.8 8 17 22 9 14 20 10 

b 9 85 6 0.8- 1.6 9 47 35 3 3 3 0 

C 9 38 53 1.6-· 2.6 11 9 14 10 15 33 8 

2.6- 4.0 7 11 17 13 13 17 22 

Mean 9 10 16 12 14 23 16 

a-c 9 48 43 Mean 9 19 19 10 12 19 12 
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NO 77 NE 10 

Surface level c.+90m 
Water not struck 
Pit 
August 1989 

LOO 

Geological 
classification 

Flow-till 

Glacial sand 
and gravel 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

7 64 29 

7833 7991 Pade O'France 

Lithology 

Soil; dark reddish brown sandy 
loam 

Diamicton; sandy clay, firm, 
with some clasts, massive 
structureless 

Diamicton; bright reddish brown 
stiff stony clay; clasts of 
angular red mudstone/micaceous 
siltstone 

Sandy gravel; becomes more 
gravel-rich with depth; clasts 
up to cobble size, though rare; 
becomes cleaner with depth 
Gravel: fine with coarse and 
rare cobble, angular to 
well-rounded quartzite, vein
quartz, mudstone and siltstone 
Sand: medium with coarse and 
some fine, angular to subrounded 
quartz, feldspar and rock 
fragments· 
Fines: disseminated silt and 
clay 

Depth below 

surface (m) 

from to 

1.8- 3. 7 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +1/4-1 +1-4 

7 7 31 26 
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Gravel 

+4-16 

17 

Overburden 1.8 
Mineral I 1. 9+ 

Thickness Depth 

m m 

0.3 0.3 

1.0 

0.8 1.8 

1.9+ 3.7 

+16-64 +64 mm 

12 0 



~O 77 NE 11 

Surface level c.+85m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Flow-till 

Till 

7805 7966 East Mondynes 

Lithology 

Soil; sandy, clayey, stony 

Diamicton; sandy and gravelly 
diamicton, matrix-supported and 
weakly stratified, moderate 
reddish brown, hard 

Ver-y clayey gravel or gravelly 
diamicton with clay-bound 
masses. Moderate reddish brown 
with clasts up to cobble-size. 
Deemed non-mineral; not sampled 

Diamicton; massive, firm,-with 
angular to well~rounded clasts 
up to boulder-size, chiefly 
quartzite and red mudstone 
derived from Old Red Sandstone 
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Waste 3.2+ 

Thickness Depth 

m m 

0.3 

0.9 

0.9 

1.1+ 

0.3 

1.2 

2.1 

J.2 



NO 77 NE 12 

Surface level c.115m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Flow-till 

Old Red 
Sandstone 

7830 7877 Gyratsmyre 

Lithology 

Soil; 

Diamicto~: ? cryoturbated, 
sandy, moderate reddish brown 

Gravel; diamictic, part matrix-, 
part-clast supported; clasts up 
to cobble size, well-rounded 

Diamicton; soft, sandy in places 
and with some laminated silty 
material. Clasts up to boulder
size, some of decomposed schist 

Sandstone; decomposed, blocky, 
dark reddish brown, medium 
grained 
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Waste 2.3 
Bedrock 0.1+ 

Thickness Depth 

m m 

0.2 

0.1 

o.4 

1.0 

0.1+ 

0.2 

0.9 

. 1.3 

2.3 

2.4 



NO 77 NE 13 

Surface level c.lOOm 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Till 

Old Red 
Sandstone 

7823 7826 Deep 

Lithology 

Soil; stony, sandy 

Diamicton: sandy, massive, 
matrix supported and 
structureless. Clasts up to 
boulder-size, moderate reddish 
brown 

Conglomerate: deeply weathered 
to about 1.5m+ and possibly 
moved slightly; weathered sandy 
matrix binds the deposit. Clasts 
very abundant, well-rQUI1ded, up 
to boulder-size. Becomes more 
solid from 2.5m where fragments 
of sandstone matrix appear 
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Waste 1.4 
Bedrock 1.5+ 

Thickness Depth 

m m 

0.3 

1.1 

1.5+ 

0.3 

1.4 

2.9 



NO 77 NE 14 

Surface level c.+140m 
Water not struck 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Till 

Old Red 
Sandstone 

7850 7794 Deep 

Lithology 

Soil; sandy, stony 

Diamicton; moderate reddish 
brown lOR 4/6) firm to stiff 
stony clay; matrix-supported 
clasts up to cobble-size, 
angular to subangular 

Sandstone; deeply weathered soft 
clayey sandstone-micaceous, 
medium reddish brown {lOR 4/4) 
with some light greenish grey 
{5GY 8/1) flecks· {?reduction 
spots}. Angular fragments 
appear from 2.4m 
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Waste 2.1 
Bedrock 1.1+ 

1bickness Depth 

m m 

0.3 

1.8 

1.1+ 

0.3 

2.1 

3.2 



NO 77 NE 15 

Surface level c.+90m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Flow-till 

Glacial sand 
and gravel 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

14 85 1 

7944 7973 Candy 

Lithology 

Soil; dark reddish brown, silty, 
clayey, stony 

Diamicton; sandy, moderate 
reddish brown, firm, cohesive, 
few coarse-gravel sized clasts 

'Clayey' sand; cohesive, silty, 
micaceous, moderate reddish 
brown; rare subrounded to 
rounded pebbles. Occasional 
coarse sand and clay laminae 
Sand: fine with medium and a . = - - - - - --:::-· =· -- -.·- ;--_,; -;-_ -

little coarse, angular to 
subrounded quartz, feldspar and 
mica 
Fines: disseminated, silt and 
clay 

Depth below 

surface (ml percentages 

Fines Sand 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 

---
o. 7- 1. 7 14 53 29 3 

1.7-2.7 15 60 21 3 

2.7- 3.9 15 56 23 5 

Mean 14 58 24 3 
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Overburden 0.7 
Mineral I 3.2+ 

Thickness Depth 

m 

0.3 0.3 

o.4 0.7 

3.2+ 3.9 

Gravel 

+4-16 +16-64 +64 mm 

1 0 0 

1 0 0 

1 0 0 

1 trace 0 



NO 77 NE 16 

Surface level c.+110m 
Water not struck 
Section and pit 
August 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

4 32 64 

7975 7830 Little Wairds 

Lithology 

Soil; sandy, gravelly 

Gravel: massive, poorly 
stratified and structured 
Gravel: coarse with fine and 
cobble, subrounded to 
well-rounded, chiefly quartzite, 
vein-quartz, schists, grits, 
andesite and some red friable 
mudstone 
Sand: coars·e with medium and 
some fine, subangular to rounded 
quartz, feldspar, rock fragments 
and some mica 
Fines: silt and clay, 
disseminated and binding deposit 
in places 

Depth below 

surface (ml 

from to 

0.3- 1.5 

1.5- 2.5 

2.5- 4.2 

Mean 

percentages 

Fines Sand 

-1/16 +l/16-1/4 +l/4-1 +1-4 

5 

4 

2 

4 

6 

4 

5 

5 

165 

18 

10 

10 

12 

11 

16 

16 

15 

Overburden 
Mineral I 

Thickness Depth 

m 

0.3 

3.9+ 

m 

0.3 

4.2 

Gravel 

+4-16 

16 

28 

13 

18 

+16-64 +64 mm 

29 

27 

46 

35 

15 

11 

8 

11 



NO 77 NE 17 

Surface level c.+120m 
Water struck at +115m 
Section and pit 
August ·1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

6 38 56 

7967 7787 Wairds of Alpity 

Lithology 

Soil; gravelly 

Gravel; 'clayey' in upper 1.lm 
to 1.3m with the appearance of a 
mass-flow deposit, thereafter 
weakly stratified 
gravels with a sandy matrix 
Gravel: coarse with fine and a 
little cobble, subangular to 
well-rounded quartzite, vein 
quartz, schists, grits, andesite 
and some red mudstone 
Sand: medium and coarse with 
some fine, subangular to 
well-rounded quartz, feldspar, 
rock fragments and some mica 
Fines: disseminated silt and 
clay 

Depth· below 

surface (m) 

from to 

0.2- 1.3 

1.3- 2.2 

2.2- 3.2 

3.2- 4.2 

4.2- 4.8 

Hean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +1/4-1 +1-4 

---
10 11 12 8 

7 8 13 9 

6 8 35 20 

3 5 11 17 

4 5 11 12 

6 8 17 13 
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Overburden 0.2 
Mineral I 4.6+ 

Thickness Depth 

m 

0.2 

4.6+ 

m 

0.2 

4.8 

Gravel 

+4-16 +16-64 +64.mm 

---
17 42 0 

23 40 0 

8 12 11 

23 41 0 

18 50 0 

18 36 2 



NO 78 SW 1 

Surface level c.+200m 
Water not struck 
Pit 
August 1989 

LOO 

Geological 
classification 

Old Red 
Sandstone 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

3 7 90 

7053 8049 Den of Dash 

Lithology 

Soil 

Conglomerate: massive weathered 
conglomerate with clasts up to 
500mm; disaggregated and grading 
as gravel 
Gravei: coarse with fine and 
cobbles and some boulders, 
subangular to well-rounded, 
chiefly quartzite, ·but with some 
schist 
Sand: coarse with fine and medium, 
subangular to subrounded quartz, 
feldspar and rock fragments 
Fines: low, some clayey coats on 
clasts 

Depth below 

surface (ml 

from to 

0.3- 1.3 

1.3- 2.3 

2.3- 3.5 

Hean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +1/4-1 +1-4 

7 

3 

1 

3 

3 

0 

0 

1 
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5 

1 

1 

2 

7 

5 

2 

4 

Gravel 

+4-16 

20 

36 

16 

24 

Overburden 
Mineral II 

0.3 
3.2+ 

Thickness Depth 

m 

0.3 

3.2+ 

m 

0.3 

3.5 

+16-64 +64 mm 

58 

49 

40 

49 

0 

6 

40 

17 



NO 78 SW 2 

Surface level c.+190m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

-Fluvioglacial 
sand and gravel 

Till 

Grading 

Hean for Deposit 

percentages 

Pines Sand Gravel 

7 25 68 

7131 8038 Ruehill 

Lithology 

Soil; gravelly, sandy 

Gravel, dirty in top 0.3m with 
clayey coats on clasts. Becomes 
cleaner with depth, passing down 
into open framework gravel 
Gravel: coarse and fine with 
some cobbles and rare boulders, 

-angular to well-rounded 
quartzite, schist and 
metasediments 
Sand: coarse and medium with 
s_o~e _fine, ~llllgu],_ar, to S\.!bI'Q\l!'lded 
quartz. rock fragments and 
feldspar 
Fines: some disseminated silt 
and clay and coatings on grains 

· and clasts in upper part of the 
deposit 

Diamicton; large cobbles and 
boulders in clay m~trix, 
probably clast supported and 
very hard, massive. Clay matrix 
is moderate reddish brown (5R 4/6) 

Depth below 

surface (ml percentages 

Overburden 0.2m 
Mineral 1.0m 
Waste 0.3m+ 

Thickness Depth 

m 

0.2 

1.0 

0.3+ 

m 

0.2 

1.2 

1.5 

Pines Sand Gravel 

from to -1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

0-2- 1.2 7 3 11 11 28 35 5 
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NO 78 SE 1 

Surface level c.+105m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Fluvioglacial 
sand and gravel 

7555 8046 Auchtochter 

Lithology 

Soil; dark yellowish brown 
{lOYR 5/4), silty, stony and 
clayey. Becomes increasingly 
stony with depth 

a Gravel; dirty, poorly sorted 
gravels with clasts up to 0.3m 
across 
Gravet: coarse and fine with 
some cobble and rare small 
boulders up to 0.3m, subangular 
to well-rounded quartzite, vein
quartz, schist, grits, psammite 
and volcanics -
Sand: coarse with medium and 
some fine, subangular to 
subrounded quartz, rock_ 
fragments and feldspar 
Fines: disseminated silt and 
~lay, ~oating grains and clasts 

Diamicton; moderate reddish 
brown (lOR 4/6), red sandstone 
clasts in a clay matrix 

b Gravel; massive, very coarse 
gravels with clasts up to 0.5m 
across in a coarse sand matrix 
Gravet: coarse with cobble and 
fine, subangular to well-rounded 
quartzite, vein-quartz, schist, 
grits, psammite and volcanics 
Sand: coarse with medium and 
some fine, subangular to 
subrounded quartz, rock 
fragments and feldspar 
Fines: disseminated silt and 
clay, coating grains and clasts 
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Overburden 
Mineral I 
Waste 
Mineral I 

0.6 
0.7 
0.4 
1.8+ 

Thickness Depth 

m m 

0.6 0.6 

0.7 1.3 

o.4 1. 7 

1.8+ 3.5 



NO 78 SE 1 
Grading 

Mean for Deposit Depth belov 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 2 40 58 0.6- 1.3 2 ·3 17 20 26 27 5 

b 5 25 70 1. 7- 2.7 5 7 7 6 10 31 34 

2.7- 3.5 5 5 10 17 15 36 12 

Mean 5 6 8 11 12 34· 24 

a&b 4 30 66 Mean 4 5 11 .14 16 32 18 
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NO 78 SE 2 

Surface level c +99m 
Water not struck 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Alluvium 

Till 

Old Red Sandstone 

Grading_ 

Mean for Deposit 

percentages 

Fines Sand Gravel 

6 25 69 

7628 8040 Mill of Glenbervie 

Overburden 
Mineral I 
Waste 
Bedrock 

0.3 
2.0 
0.7 
0.1+ 

Lithology Thickness Depth 

Soil: gravelly 

Gravel: clast supported cobble 
gravel 
Gravel: coarse with fine and 
cobble, angular to subrounded 
with some well-rounded 
quartzite, mica schist, green 
sandstone, red porphyry, red and 
flesh coloured granite and 
andesitic lava 
Sand: coarse and medium with 
some fine, angular to subangular 
quartz, feldspar and rock 
fragments 
Fines: silt, disseminated, 
becoming clayey towards base 

Diamicton: clayey slurry 
retrieved 

Tuff: greenish grey; with clasts 
of maroon lava less than 15mm in 
size: thoroughly decomposed 

Depth belov 

surface (m) 

from to 

0.3- 2.3 

percentages 

Fines Sand 

-1/16 +l/16-1/4 +1/4-1 +1-4 

6 4 10 11 
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Gravel 

+4-16 

19 

m 

0.3 

2.0 

0.7 

0.1+ 

m 

0.3 

2.3 

3.0 

3.1 

+16-64 +64 mm 

32 18 



NO 78 SE 3 

Surface level c.+110m 
Water not struck 
Pit 
August 1989 

LOO 

Geological 
classification 

Fluvioglacial _ 
sand and gravel 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

1 91 8 

7710 8040 Glenbervie .Home Farm 

Overburden 0.4 
Mineral I 1.6+ 

Lithology 

Soil; sandy loam with a few 
fine gravel sized clasts 

Pebbly sand; moderately 
well-stratified and well-sorted, 
clean, loose material. A band 
of very well-sorted fine gravel 
occurs between 1.8 and 2.0m 
Gravel: fine, angular to 
subrounded quartzite and vein
quartz with some mudstone and 
schist 
Sand: coarse and medium with a 
lit-tle fine, angular to · 
subrounded quartz, rock 
fragments and feldspar 
Fines: very low, disseminated 
silt and clay 

Pit terminated at 2m due to bad 
collapsing of pit sides 

Depth below 

surface (m) 

from to 

0.4- 1.4 

1.4- 2.0 

Mean 

percentages 

Fines Sand 

-1/16 +1/16-1/~ +1/4-1 +1-4 

1 

1 

1 

6 

6 

6 

172 

54 

22 

42 

37 

52 

43 

Thickness Depth 

Gravel 

+4-16 

2 

19 

8 

m m 

0.4 o.4 

1.6+ 2.0 

+16-64 +64 mm 

0 

0 

0 

0 

0 

0 



NO 78 SE 4 

Surface level c.+118m 
Water not struck 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

- Till 

Old Red Sandstone 

7848 8066 Orchard Hill, Dnmllithie 

Lithology 

Soil; dark yellowish brown 
(lOYR 5/4) silty, clayey loam 

'Clayey' pebbly sand; moderate 
reddish brown (lOR 5/4), very 
'clayey' in the top metre, but 
becoming cleaner with depth 
beyond 1.3m 
Gravel: fine with coarse, 
angular to subrounded vein
quartz, schist, mudstone, some 
volcanics and rare amphibolite 
Sand: medium with fine and some 
coarse, angular to subrounded, 
quartz, feldspar and rock 
fragments 
Fines: chiefly as disseminated 
silt and clay, but with some 
clay-bound masses in places 

Silt; moderate reddish brown 
(lOR 5/4), with fine sand, 
laminated 

Diamicton; cohesive, sandy and 
gravelly matrix supported 
deposit with clasts up to 0.2m. 
Clasts are angular to 
subrounded, chiefly vein-quartz, 
decomposed red sandstone, 
volcanics and green chloritic 
material. Colour varies from 
moderate reddish brown (10R4/6) 
to moderate brown (5YR 3/4) 

Lava: porphyritic andesite, 
greyish red-purple, fresh 
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Overburden 
Mineral I 
Waste 
Bedrock 

0.3 
3.1 
3.8 
0.7+ 

Thickness Depth 

m m 

0.3 0.3 

3.1 3.4 

0.8 4.2 

3.0 

7.9 



NO 78 SE 4 
Grading 

Mean for Deposit 

percentages 

Fine11 Sand Gravel 

13 69 18 

Depth below 

surface (ml 

from to 

0.3- 1.3 

1.3- 2.5 

2.5- 3.4 

Mean 

percentages 

Fine• Sand Gravel 

-1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

21 42 22 8 6 1 0 

9 15 31 19 15 11 0 

9 14 35 20 16 6 0 

13 24 30 15 12 6 0 
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NO 78 SE 5 7869 8008 Pade O'France 

Surface level c. +85m 
Water not struck 
Pit 
August 1989 

LOO 

Geological 
classification 

Lacustrine 
alluvium 

Till 

Lithology 

Soil; clayey, silty, smooth, 
pale brown {5YR 6/2) 

Silt; laminated clayey and 
fine-sandy silt, becoming less 
clayey·with depth, grading into 
discrete laminated fine sand, 
clayey silt and clay. Colour 
varies from light brown 
{5YR 5/6) to moderate greyish 
reddish brown {lOR 5/6). Whole 
deposit cut by rootlets. 

'Very clayey' sand/silt; non
mineral deposit of alternating 
silty clay and fine sand beds 
about 10mm thick. Moderate 
brown {5YR 4/4) to moderate 
greyish reddish brown {lOR 5/6), 
becoming paler with depth. The 
thickness of the beds also 
increases with depth to a few 
centimeters 

Diamicton; moderate reddish 
brown {lOR 4/6) stiff, sandy, 
stony clay with clasts up to 
large cobble and small-boulder 
size 
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Waste 4.2+ 

Thickness Depth 

m m 

o.4 o.4 

1.3 1. 7 

1.2 3.9 

0.3+ 4.2 



NO 78 SE 6 

Surface level c.+134m 
Water not struck 
Pit 
August 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 

7909 8224 Pitdrichie 

Lithology 

Soil; dark reddish brown, silty 
sandy loam 

a Sandy gravel: PO<?r ly so_rted 
and stratified, with fines 
content increasing with depth 
Gravel: fine with coarse, 
subangular to rounded quartzite, 
vein-quartz and schist 
Sand: medium with coarse and 
some fine 
Fines: disseminated silt and 
clay,-sufficient to bind the~ 
deposit in places below 0.8m 

b Pebbly sand; generally cleaner 
than above 
Gravel: fine with coarse, 
subangular to rounded, 
quartzite, vein-quartz and 
schist 
Sand: medium with coarse and 
some fine 
Fines: disseminated silt and 
_clay 
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Overburden 0.3 
Mineral I 3.5+ 

Thickness Depth 

m m 

0.3 0.3 

3.0 

0.8+ 3.8 



NO 78 SE 6 
Grading 

Hean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 7 58 35 0.3- 0.8 4 6 26 18 30 16 0 

0.8- 1.8 8 11 39 13 16 13 0 

1.8- 3.0. 6 6 29 23 24 12 0 

Hean 7 8 32 18 22 13 0 

b 5 88 7 3.0- 3.8 5 8 53 27 5 2 0 

a&b 6 65 29 Hean 6 8 37 20 18 11 0 
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NO 78 SE 7 

Surface level c.+115m 
Water not struck 
Section and pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

7987 8195 Pitdrichie Gravel Pit 

Lithology 

Soil; 

a Sandy gravel; cross
stratified, clast-supported and 
well-sorted gravel, reddish 
brown, with some interbeds of 
silty fine sand and sandy silt; 
interbeds are less than 30cm 
thick 
Gravei: fine with coarse 
Sand: coarse wi: ~11_ som~ m~dium_ 
and a little fine 
Fines: disseminated silt and 
clay and in interbeds described 
above 

b 'Clayey'sand; ripple cross
laminated, with a trace of fine 
gravel, micaceous, moderate 
reddish brown 
Sand: fine with medium and a 
little coarse 
Fines: disseminated and in thin 
seams 

Silt; diamictic, micaceous, 
firm, moderate reddish brown 
with clasts, chiefly of red 
mudstone and some thin lenses of 
gravel 

c Gravel; clast supported 
Gravei: fine, coarse and cobble, 
angular to subrounded with 
well-rounded green-spotted red 
mudstone, quartzite, decomposed 
schist, vein-quartz, red 
gritstone and sandstone, 
schistose grit, basalt and 
granite gneiss 
Sand: coarse with some medium 
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Overburden 
Mineral I 
Waste 
Mineral I 
Waste 
Mineral I 

0.2 
3.9 
0.4 
3.2 
0.9 

11.6+ 

Thickness Depth 

m 

0.2 

1.4 

2.5 

0.4 

3.2 

m 

0.2 

1.6 

4.1 

4.5 

7.7 



Glacial sand 
and gravel 

and fine, angular to subrounded 
quartz 
Fine~: disseminated silt and 
clay 

Clay: silty and stiff with fine 
to coarse sand, reddish brown, 
micaceous 

d Pebbly sand: cross-stratified 
with an 0.6m thick band of 
silty fine sand from 9.3 to 
9.8m, crudely laminated 
Gravel: fine and coarse, angular 
to subrounded, composition as 
above 
Sand: coarse with medium and 
fine 
Fines: disseminated and 
concentrated in seams of 
micaceous fine sand and silt~ 
less than 50mm thick 

e Sandy gravel: clast-supported, 
becoming less gravel-rich from 
17.3m 
Gravel: fine with coarse and a 
little cobble, angular to 
subrounded, composition as above 
Sand: coarse and medium, with 
fine, angular to subrounded 
quartz and rock fragments 
Fines: disseminated silt and 
clay 
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0.9 8.6 

2.3 10.9 

9.3+ 20.2 



NO 78 SE 7 
Grading 

Hean for Deposit Depth belov 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
a 1 52 47 0.2- 1.6 1 4 15 33 30 17 0 

b 13 87 0 1.6- 4.1 13 56 30 1 trace 0 0 

C 3 35 62 4.5- 5. 7. 6 12 8 12 19 25 18 

5.7- 7.7 0 1 8 28 22 18 23 

Hean 3 5 8 22 21 20 21 

d 5 79 16 8.6- 9.3 2 5 26 46 12 9 0 

9.3- 9.8 15 78 7 0 0 0 0 

9.8-10.9 2 5 26 46 12 9 0 

Hean 5 21 22 36 9 7 0 

e 4 63 33 10.9-12.0 1 3 13 32 22 29 0 

12.0-13.5 4 6 15 28 22 19 6 

13.5-14.5 5 11 15 22 23 18 6 

14.5-15.5 6 21 18 22 21 12 0 

15.5-17.3 7 19 22 22 19 11 0 

17.3-18.6 2 7 57 22 9 3 0 

18.6-20.2 1 5 30 46 15 3 0 

Hean 4 10 25 28 18 13 2 

a-e 5 63 32 Hean 5 16 21 26 16 12 4 
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NO 78 SE 8 

Surface level c.+96m 
Water struck at +90m 
Section and pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

7899 8095 Drumlithie 

Lithology 

a Pebbly sand; cross-stratified, 
well-sorted 
Gravel: fine with a little 
coarse, angular to subangular 
quartzite, vein-quartz, schist, 
grit and some granitic and 
volcanic clasts 
Sand: medium with coarse and 
some fine, angular to subangular 
quartz, feldspar and rock 
fragments 
Fines: disseminated silt and 
clay 

b Gravel; massive, poorly
stratified cobble gravels with 
clasts in excess of 0.2m in size 
Gravel: coarse with fine and 
some cobble, angular to 
subrounded quartzite, vein
quartz, schist and grit 
Sand: coarse with medium and a 
little fine, angular to 
subrounded quartz, feldspar and 
rock fragments 
Fines: clay coats on clasts and 
grains, yellowish brown 

Pit terminated in wet, 
collapsing gravels 
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Mineral I 5.4+ 

Thickness Depth 

m m 

4,9+ 5.4 



NO 78 SE 8 
Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 4 81 15 0.0- 0.5 4 7 41 33 14 1 0 

b 2 22 76 0.5- 2.2 1 3 10 17 29 29 11 

2.2- 3.2 3 1 9 15 24 34 14 

3.2- 4.2 3 1 4 11 30 38 13 

4.2- 5.4 2 1 4 8 23 62 0 

Hean 2 2 7 13 27 40 9 

a&b 2 27 71 Hean 2 2 10 15 26 37 8 
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NO 78 SE 9 

Surface level c.+105m 
Water not struck 
250mm percussion 
August 1989 · 

LOG 

Geological 
classification 

Flow-till 

Glacial sand and 
gravel 

7903 8056 Drumlithie 

Lithology 

Soil; dark reddish brown, sandy, 
clayey with some fine-gravel 
sized clasts, chiefly of red 
mudstone 

Diamicton; clay, moderate 
reddish brown {lOR 5/4), with 
disturbed, contorted sandy and 
gravelly bands throughout. 
Clasts abundant, chiefly red 
mudstone with some quartzite and 
weathered schist. Deposit 
becomes more gravel-rich from 
1.7m, but gravels alternate with 
clay-rich horizons. 

Pebbly sand; clayey in top 0.3m 
with abundant red mudstone 
clasts; becomes cleaner from 
3.4m. Gravelly from 8.5m to 
9.5m 
Gravel: fine with a little 
coarse, subangular to subrounded 
vein-quartz, quartzite, some 
granitic fragments, schist, 
grits and red mudstone with some 
andesite 
Sand: medium with fine and some 
coarse, subangular to subrounded 
quartz, feldspar and rock 
fragments 
Fines: disseminated silt and 
clay for most part, but 
concentrated in bands in places 
between 3.1 and 5.3m and between 
8.5 and 9.5m 

'Clayey' sand; contains a very 
small amount of gravel, 
composition as above; 
characterised by alternating 
silty and sandy laminae; 
fines content increases with 
depth. 
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Overburden 3.1 
Mineral 9.1 
Waste 1.1 
Bedrock 0.2+ 

Thickness Depth 

0.3 0.3 

2.9 3.1 

6.4 9.5 

12.2 



?Flow-till Diamicton; contorted clay-bound 0.1 12.3 
coarse sand with dark grey to 
black flecking; stiff, with 
clasts up to coarse-gravel size 

Gravel; large cobbles in a silty 0.2 12.5 
sand matrix 

Silt; sandy, clayey, firm and 0.2 12.7 
micaceous; moderate reddish 
brown (lOR 5/4} 

Till Diamicton; clay, moderate 0.6 13.3 
reddish brown (lOR 5/4} with 
sandy bands and fragments of 
rotted andesite 

Old Red Sandstone Lava; rotted, dark grey-green, 0.2+ 13.5 
porphyritic 

Grading 

Hean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---

a 7 84 9· 3,1- 4.3 6 21 59 7 5 2 0 

4.3- 5.3 8 35 40 13 4 0 0 

5.3- 6.7 5 25 59 7 3 1 0 

6.7- 7.2 No grading data available 

7.2- 8.5 9 14 50 16 7 4 0 

8.5- 9.5 7 15 30 25 18 5 0 

Hean 7 22 49 13 7 2 0 

b 16 83 1 9.5-10.7 14 51 · 29 5 1 0 0 

10. 7-11. 7 14 39 42 4 1 0 0 

11.7-12.2 26 52 17 3 1 1 0 

Hean 16 47 32 4 1 trace 0 

a&b 10 83 7 Hean 10 29 44 10 5 2 0 
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NO 78 SE 10 

Surface level c.+95m 
Water struck at +86m 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Flow-till 

Glacial sand 
and gravel 

7958 8004 Candy 

Lithology 

Soil; 

Diamicton; moderate reddish 
brown (lOR 4/6} micaceous sandy 
clay, stiff, becoming softer 
with depth and with a crudely 
laminated sandy silt horizon 
from 1.0-1.2m. Clasts angular 
to well-rounded, up to 
large-boulder size 

a 'Very clayey'sand; thinly 
interbedded sequence of silty 
sands, micaceous silts, pebbly 
sands and massive silts with 10 
to 30mm seams of sandy clay 
diamicton. Chiefly reddish 
brown, but yellowish·brown in 
places 
Sand: fine with some medium and 
a little coarse 
Fines: disseminated silt and 
clay and concentrated in thin 
diamicton and silt beds 

Silt; massive, reddish brown 

b 'Clayey' sand; mixed silty and 
clayey sequence of micaceous 
sands, particularly silty and 
clayey between 7.1 and 9.1m. 
Cleaner again from 9.1 to 12.8m, 
with a trace of gravel. Reddish 
brown 
Sand: fine with medium and a 
little coarse 
Fines: disseminated silt and 
clay and concentrated in silty 
seams and laminae 
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Overburden 
Mineral II 
Waste 
Mineral I 
Waste 
Bedrock 

1.3 
1. 7 
0.2 
9.6 
3.4 
0.2+ 

Thickness Depth 

m m 

0.3 

1.0 

1. 7 

0.2 

0.3 

1.3 

3.0 

3.2 

12.8 



Flow-till Silt; micaceous, crudely 0.1 12.9 
laminated, reddish brown 

Diamicton; sandy clay, clayey 1.1 14.o 
silt, sand and gravel. 
Individual beds less than 150mm 
thick with crude lamination and 
discrete seam of diamicton. 
Moderate reddish brown, 
micaceous 

Gravel; cobbles with coarse and 0.4 14.0 
fine, chiefly well-rounded 
{derived from Old Red Sandstone 
Conglomerate) with red mudstone 

Pebbly fine sandy silt with 0.7 15.8 
gravelly seams 

Till Diamicton; firm to stiff, with 0.4 16.2 
silty sandy clay matrix. 
Subangular to subrounded clasts 
up to 100mm, chiefly quartzite, 
decomposed coarse-grained 
sandstone and clasts from the 
Old Red Sandstone conglomerate 

Old Red San~tone; medium grained, 0.2+ 16.4 
Sandstone micaceous, quartzo-feldspathic, 

light grey {N7) with thin seams 
of moderate reddish brown clay 
{? penetration fissures) 

Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +l/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---

a 32 65 3 1.3- 3.0 32 47 14 4 3 0 0 

b 18 81 1 3.2- 4.2 12 61 26 1 0 0 0 

4.2- 5.7 12 60 27 1 0 0 0 

5.7- 7.1 16 68 16 0 0 0 0 

7.1- 9.1 39 58 3 0 0 0 0 

9.1-10.7 13 48 39 0 0 0 0 $ 

10.7-12.8 10 40 46 2 2 0 0 $ 

Mean 18 54 26 1 1 trace 0 

a&b 20 79 1 Mean 20 54 24 1 1 trace 0 
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NO 87 NW 1 

Surface level c.+88m 
Water not struck 
250mm percussion 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Glaciolacustrine 
deposit 

Till 

8021 7972 Thriepland 

Lithology 

Soil, gravelly 

Gravel, clast-supported, dense 
Gravel: cobbles, coarse and 
fine, some boulders crushed, 
either subangular to subrounded 
or well rounded, quartzite and 
andesite lava with schist and 
grits tone 
Sand: medium to coarse with 
fine, subangular to subrounded 
rock chips and quartz. Little 
mica. 
Fines: silt, disseminated, 
moderate reddish brown 

Silt, with some fine sand, 
micaceous, massive, moderate 
reddish brown 

Diamicton: stiff sandy silty 
clay matrix, micaceous, with 
subangular to subrounded clasts 
<500mm of quartzite, lava, 
sandstone and some rotten 
gneiss, moderate reddish brown 
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Overburden 0.3m 
Mineral I 1.9m 
Waste 3.3m+ 

Thickness Depth 

m 

0.3 

1.9 

2.0 

1.3+ 

m 

0.3 

2.2 

4.2 

5.5 



NO 87 NW 1 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

4 26 70 

Depth below 

surface (ml 

from to 

0.3- 1.1 

1.1- 2.2 

Mean 

percentages 

Fines 

-1/16 

2 

5 

4 

Sand 

+l/16-1/4 +1/4-1 

3 

6 

5 
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13 

9 

10 

+l-4 

14 

10 

11 

Gravel 

+4-16 

20 

12 

16 

+16-64 

33 

32 

33 

+64 mm 

15 

26 

21 



NO 87 NW 2 8071 7774 Nether Craighill 

Surface level c.+106m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Grading 

Lithology 

Soil 

Gravel, clast-supported, dense, 
poorly sorted, crude horizontal 
stratification 
Gravel: cobbles, coarse and 
fine, boulders <300mm, either 
subangular to subrounded or 
well-rounded, quartzites, 
vein-quartz, gneiss, basalt, 
porphyritic andesite, red silty 
sandstone, red mudstone and 
granite 
Sand: medium and coarse with 
fine, angular to subrounded rock 
chips and quartz, reddish brown 
Fines: silt, disseminated 

Hean for Deposit

percentages 

Depth below 

surface (m) percentages 

Fines Sand Gravel 

2 22 76 

from to 

0.2- 1.7 

1. 7- 3.3 

Hean 

Fines Sand 

-1/16 +l/16-1/4 +l/4-1 +1-4 

2 

1 

2 

4 

4 

4 
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5 

14 

10 

5 

12 

8 

Gravel 

+4-16 

12 

17 

15 

Overburden 0.2m 
Mineral I 3.lm+ 

Thickness Depth 

m 

0.2 

3.1+ 

m 

0.2 

3.3 

+16-64 +64 mm 

23 

40 

32 

49 

12 

29 



NO 87 NW 3 

Surface level c.+114m 
Water not struck 
250mm percussion 
August 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 

Flow-till 

Till 

8080 7733 Nether Craighill 

Lithology 

Soil 

Gravel, no recovery below 5.3m 
Gravei: coarse and fine with 
cobbles and boulders. especially 
above 1.0m and below 5.3m. 
angular to well-rounded. 
quartzite. gritty psammite, 
lava (andesite), tuff, 
vein-quartz, schist and some 
amphibolite, diorite, red 
mudstone and red volcanoclastics 
Sand: medium to coarse with 
fine. angular to subanguiar 
quartz, feldspar. rock chips and 
some ferromagnesian minerals 
Fines: silt and clay, 
disseminated and as coatings. 
also rarely in seams of silty 
fine sand. Moderate reddish 
brown. Discrete seam of 
moderate reddish brown (!OR 5/4) 
diamicton between 1.0 and 1.2m 

Diamictic sand and gravel?, poor 
recovery. Retrieved as angular 
to subangular fragments of 
quartzite, andesite, basalt, 
gritty psammite and vein-quartz 
in a moderate reddish brown 
sandy silty clay slurry 

Diamicton: sandy clay matrix, 
moderate reddish brown 
(!OR 5/4), possibly partially 
clast-supported 
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Overburden O. lm 
Mineral I 6. 2m · 
Waste 4.7m+ 

Thickness Depth 

m 

0.1 

6.2 

1. 7 

3.0+ 

m 

0.1 

6.3 

8.0 

11.0 



NO 87 NW 3 
Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

P'ines Sand Gravel P'inea Sand Gravel 

---
from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
8 38 54 0.1- 1.0 7 7 14 11 16 25 20 

1.0- 1.2 No grading data available 

1. 2- 2.5 9 10 23 16 22 20 0 

2.5- 3.7 12 14 19 14 21 20 0 

3.7- 4.6 7 5 11 11 19 29 18 

4.6- 5.3 6 4 11 12 17 35 15 

5.3- 6.3 No grading data available 

Hean 8 9 16 13 20 25 9 
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NO 87 NE 1 

Surface level c.+76m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

8598 7925 Upper Mains of Catterline 

Overburden O. lm 

Lithology 

Soil 

a Gravel, fining downwards but 
gravel lag at base 
Gravel: cobbles, coarse and 
fine, either well rounded or 
subangular to subrounded, lava, 
red mudstone, granite, gneiss, 
quartzite, vein-quartz and 
schist 
Sand: medium with fine and some 
coarse, quartz and feldspar, 
reddish brown 

- -· 
Fines: -silt, disseminated and as 
discrete seams 

b Sand, fine horizontal 
stratification 
Gravel: rare pebbles 
Sand: medium with fine above 
2 . 8m., fine with medium below, 
laminae of coarse, soft, buff 
coloured. Sharp break at 2.8m 
Fines: clean above 2.8m, some 
seams of reddish brown micaceous 
silt below 

c 'Clayey' sand, unstratified 
Sand: mainly fine with some 
medium, soft, buff coloured 
Fines silt, disseminated 
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Mineral 6.4m+ 

Thickness Depth 

m 

0.1 

1.6 

3.1 

1. 7+ 

m 

0.1 

1. 7 

4.8 



NO 87 NE 1 
Grading 

Hean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 2 48 50 0.1- 1. 7 2 15 25 8 14 22 14 

b 5 93 2 1. 7- 2.8 1 24 67 6 1 1 0 

2.8- 4.8 7 59 30 3 1 0 0 

Hean 5 46 43 4 1 1 0 

C 14 86 0 4.8- 5.8 10 70 18 1 1 0 0 

5.8- 6.5 19 78 3 0 0 0 0 

Hean 14 73 12 1 trace 0 0 

a-c 7 80 13 Hean 7 46 30 4 4 6 3 
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NO 87 NE 2 

Surface level c,+75m 
Water not struck 
Section and pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

8521 7907 Brigstanes 

Lithology 

Soil, sandy 

a Pebbly sand, well stratified 
with gravel lag at base, loose 
Gravel: coarse and fine, 
subangular to well rounded lava, 
red mudstone, granite, gneiss, 
quartzite, vein-quartz and 
schist 
Sand: chiefly medium with some 
fine and coarse, angular to 
subangular rock chips, quartz 
and feldspar, buff-coloured 
Fines: very little 

b Sand, fining downwards, loose 
Sand: chiefly fine with some 
medium, some laminae of rock 
grains above 4.5m, otherwise 
quartzose, soft, some mica below 
4,5m · 
Fines: clean above 4.5m, 
disseminated silt below, buff 
coloured 
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Overburden 0.3m 
Mineral I 6.7m+ 

Thickness Depth 

m 

0.3 

1.8 

4.9+ 

m 

0.3 

2.1 

7.0 



NO 87 NE 2 
Grading 

Mean for Deposit Depth below 

percentages surface (ml percentages 

Pines Sand Gravel Pines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 1 84 15 0.3- 2.1 1 11 64 9 5 10 0 

b 5 95 0 2.1- 4.5 4 63 33 0 0 0 0 

4.5- 7.0 5 75 20 0 0 0 0 

Mean 5 68 27 trace trace 0 0 

a&b 4 92 4 Mean 4 52 37 3 1 3 0 
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NO 87 NE 3 

Surface level c.+91m 
Water struck at c+85.9m 
Section and pit 
August 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 

8552 7818 Purlielmowe 

Lithology 

Soil, gravelly 

a Gravel, clast-supported 
Gravel: fine and coarse, rare 
cobbles (200mm, either angular 
to subangular or well rounded, 
purple porphyritic 
andesite/basalt lava {some 
rotten), pink porphyry, gneiss, 
quartzite, fragments of 
lithified conglomerate and rare 
mudstone 
Sand: medium with fine· and 
coarse, angular to subangular 
rock, quartz and feldspar 
Fines: silt disseminated. Rare 
clay drapes 

Fine sandy silt, firm, massive, 
micaceous, reddish brown 

b Pebbly sand, cross-stratified 
Gravel: some fine pebbles, as 
above 
Sand: chiefly medium with some 
coarse and fine, as above with a 
little mica 
Fines: quite clean 

c Gravel 
Gravel: cobbles, coarse and 
fine, as above 
Sand: medium with coarse and 
some fine, sharp, rusty brown, 
otherwise as above 
Fines: silt, disseminated 

Pit caving in below water~table 
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Overburden 
Mineral I 
Waste 
Mineral I 

o.4m 
2.2m 
0.5m 
3.0m+ 

Thiclmess Depth 

m 

0.4 

2.2 

2.0 

1.0+ 

m 

0.4 

2.6 

3.1 

6.1 



NO 87 NE 3 
Grading 

Kean for Deposit Depth below 

percentages surface (ml percentages 

Pines Sand Gravel Pines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 5 30 65 0.4- 2.6 5 7 16 7 35 30 0 

b 2 90 8 3.1- 5.1 2 9 73 8 6 2 0 

C 1 46 53 5.1- 6.1 1 8 25 13 22 22 9 $ 

a-c 3 56 41 Kean 3 8 40 8 21 18 2 
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NO 87 NE 4 

Surface level c.+103m 
Water not struck 
250mm percussion 
September 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 
{? ice
disturbed 
conglomerate} 

Old Red 
Sandstone 

8535 7692 Fernyflatt 

Lithology 

Soil, gravelly 

Gravel, clast-supported, dense, 
poor recovery 
Gravel: cobbles, coarse and 
fine, some boulders crushed, 
subangular to well rounded, 
quartzite, vein-quartz, lava, 
grit and schist 
Sand: medium to coarse with 
fine, angular to subrounded, 
quartz and rock chips 
Fine_s: silt and clay 
disseminated and coating grains, 
loosely binding deposit. Some 
fines produced by chiselling 
weak clasts. 

Conglomerate, possibly weathered 
above 5,5, and more lithified 
below, very poor recovery owing 
to continuous chiselling 
Borehole abandoned in bedrock 
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Overburden 0.3m 
Mineral ?I 3,7m 
Bedrock 2.0m+ 

Thickness Depth 

0.3 

3.7 

2.0+ 

0.3 

4.0 

6.0+ 



NO 87 NE 4 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

8 38 54 

Depth below 

surface (m) 

from to 

0.3- 2.0 

2.0- 4.0 

Mean 

percentages 

Fines Sand Gravel 

-1/16 +l/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
7 8 21 18 13 25 8 

10 8 12 11 14 27 18 

8 8 16 14 13 28 13 
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NO 87 NE 5 

Surface level c.+71m 
Water struck at c.+66.2m 
250mm percussion 
September 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 

Glaciolacustrine 
deposit 

Glacial sand 
and ~ravel 

Glaciolacustrine 
deposit 

Glacial sand 
and gravel 

8630 7967 Denhead 

Lithology 

Soil 

a Sandy gravel 
Gravei: fine and coarse with 
some cobbles and small boulders, 
subangular to well rounded, 
psammite, gritstone, lava 
(andesite) and some vein-quartz 
Sand: medium with-coarse ana 
some fine, angular to subrounded 
quartz, feldspar and rock chips 
Fines: some silt, disseminated 
and as coatings, becoming 
cleaner below 2.2m, dark reddish 
brown (lOR 3/4) to moderate 
reddish brown (lOR 5/6) 

Clay, plastic, firm, moderate 
reddish brown (lOR 5/6), some 
well rounded pebbles 

b Sandy gravel 
Gravei: cobbles, coarse and 
fine, as above 
Sand:fine to coarse, poorly 
sorted 
Fines: silt and clay slurry 

Clay, fissile, very firm, 
moderate reddish brown 

c Sand 
Sand: fine with some medium, as 
above 
Fines: silt, disseminated, 
moderate reddish brown 
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Overburden 0.2m 
Mineral I 10.2m 
Waste 0.6m 
Mineral I 0.6m 
Waste 0.7m 
Mineral I 1.2m 
Waste 0.7m 
Mineral I 0.7m 
Waste 2.3m+ 

Thickness Depth 

m m 

0.2 

10.2 

0.6 

0.6 

1.2 

0.2 

10.4 

11.0 

11.6 

12.3 

13.5 



Glaciolacustrine Clay, silty, stiff, moderate 0.7 14.2 
deposit reddish brown to yellowish brown 

in siltier parts 

Glacial sand d Sand 0.7 14.9 
and gravel Sand: fine with medium, as above 

Fines: silt, disseminated, 
moderate reddish brown 

Glaciolacustrine Silty clay with some fine sand, 0.4 15.3 
deposit firm, moderate reddish brown 

Till Diamicton: very stiff silty 1.9+ 17.2 
sandy clay matrix,· subangular to 
subroun'ded clasts, especially 
maroon lava 

Grading 

Hean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

---

from to -1/16 +1/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

--- --- ---

a 2 52 46 0.2- 1.2 3 5 28 15 24 25 0 

1. 2- 2.2 3 6 26 18 21 26 0 

2.2- 3.4 3 5 28 13 21 23 7 

3.4- 4.8 3 6 36 10 23 22 0 

4.8- 5.8 1 4 24 14 30 27 0 $ 

5.8- 6.8 1 4 21 19 31 18 6 $ 

6.8- 7.8 1 3 24 ·23 29 20 0 $ 

7.8- 8.8 1 3 26 24 25 21 0 $ 

8.8-10.4 1 4 37 29 19 10 0 $ 

Hean 2 5 28 19 24 21 1 

b 9 48 43 11.0-11.6 9 15 17 16 17 22 4 $ 

C 6 94 0 12.3-13.5 6 64 29 1 trace 0 0 $ 

d 3 97 0 14. 2-14. 9 3 53 44 trace trace 0 0 $ 

a-d 3 58 39 Hean 3 13 29 16 20 18 1 
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NO 87 NE 6 

Surface level c.+44m 
Water not struck 
250 and 200mm percussion 
September 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Till 

Old Red 
Sandstone 

8659 7776 Harvieston 

Lithology 

Soil 

Fine sandy silt with laminae of 
clay, finely laminated, greyish 
orange {lOYR 7/4} to moderate 
reddish brown {lOR 4/6} 

a 'Very clayey' sand' 
Sand: chiefly fine with·some 
medium, soft, .angular to 
subrounded quartz, feldspar and 
lithic grains, quite micaceous 
Fin~.s~~tlt,_Q_isseminated and _in 
discrete - seams. moderate brown 
{5YR 5/4} 

b Sand 
Sand: fine with medium, 
otherwise as above 
Fines: silt, disseminated, but 
less than above · 

Diamicton: firm sandy clay 
matrix with clasts up to cobble 
size, greyish red {lOR 4/2}, to 
dark reddish brown {lOR 3/4} 

Sandstone, tuffaceous, badly 
weathered, greyish purple 
{5P 4/2} to very dusky red 
purple {5RP 2/2} 

202 

Overburden 
Mineral I 
Waste 
Bedrock 

2.4m 
9.2m 
0.7m 
0.3m+ 

Thickness Depth 

m m 

o.4 

2.0 

6.0 

3.2 

0.7 

0.3+ 

0.4 

2.4 

8.4 

11.6 

12.3 

12.6 



NO 87 NE 6 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Pines Sand Gravel Pine• Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---
a 23 77 0 2.4- 4.3 26 71 3 0 0 0 0 

4.3- 6.3 18 69 13 0 0 0 0 

6.3- 8.4 25 60 14 1 0 0 0 

Mean 23 67 10 trace 0 0 0 

b 7 93 0 8.4-10.4 7 62 30 1 0 0 0 

10.4-11.6 7 66 27 0 0 0 0 

Mean 7 64 29 trace trace 0 0 

a&b 17 83 0 Mean 17 66 17 trace trace 0 0 
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NO 88 SW 1 

Surface level c.+120m 
Water not struck 
Pit 
August 1989 

LOG 

~ological 
classification 

Glacial sand 
and gravel 

8074 8438 West Cannont 

Lithology 

Soil 

a 'Very clayey'sand 
Sand: fine, micaceous, finely 
laminated, reddish brown, firm 
Fines: silt 

b Sandy gravel, well bedded 
Gravei: fine and coarse with 
some cobbles, either well 

.rounded or subangular to 
subrounded quartzites, 
vein-quartz, porphyry, granite 
and schist . . -
Sand: medium with coarse and 
fine, angular to subangular rock 
chips, quartz and feldspar 
Fines: little 

c, 'Clayey' sand, massive 
Gravei: rare pebbles 
Sand: mainly fine, micaceous, 
reddish brown 
Fines: silt 
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Overburden O. lm 
Mineral I 3.8m+ 

Thickness Depth 

m 

0.1 

0.8 

2.0 

1.0+ 

m 

0.1 

0.9 

2.9 

3.9 



NO 88 SW 1 
Grading 

Hean for Deposi_t Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +l/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
a 28 71 1 0.1- 0.9 28 65 4 2 1 trace 0 

b 3 63 34 0.9- 1.9 5 10 24 21 15 14 11 

1.9- 2.9 2 10 41 17 19 11 0 

Hean 3 10 34 19 17 12 5 

C 16 80 4 2.9- 3.9 16 69 8 3 2 2 0 

a-c 12 68 20 Hean 12 37 20 11 10 7 3 
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NO 88 SW 2 8002 8129 Clearymuir 

Surface level c.+lOlm 
Water struck at c.+86.3m 
250mm and 200mm percussion 
July 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Flow-till 

Glacial sand 
and gravel 

Old Red 
Sandstone 

Lithology 

Soil 

Boulder-gravel, clast-supported, 
no sample recovered 

Gravel, very silty, partially 
matrix-supported 

a 'Very clayey' sand 
Sand: mainly fine·with some 
medium, several fining-downwards 
sequences, angular to subangular 
quartz, feldspar and lithic 
grains, quite"micaceous 1n 
siltier parts. 
Fines: silt and clay, 
disseminated, moderate reddish 
brown (lOR 5/6). Thin seams 
(50-lOOmm) of diamictic pebbly 
clay between 3.0 and 3.6m. Some 
thin seams of silty clay and 
micaceous silt below 6.5m 

b 'Clayey' pebbly sand 
Gravei: fine with coarse and 
scattered cobbles, angular to 
subangular quartzite, 
vein-quartz, schist and gritty 
psammite with red weathered 
lava/agglomerate and some 
granite 
Sand: medium to fine with trace 
of coarse, quite variable, 
angular to subangular quartz, 
feldspar and rock chips with 
some mica and ferro-magnesian 
minerals 
Fines: silt and clay, 
disseminated and in some silty 
seams. Greyish red (lOR 4/2) 

Tuffaceous sandstone, 
clay-matrix, weak, dark reddish 
brown (lOR 3/4) 
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Overburden 2.5m 
Mineral I 20.4m 
Bedrock O.lm+ 

Thiclmess Depth 

m m 

0.1 0.1 

2.0 2.1 

o.4 2.5 

15.5 18.0 

4.9 22.9 

0.1+ 23.0 



NO 88 SW 2 
Grading 

Mean for Deposit Depth below 

percentages surface (m) percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

a 20 80 0 2.5- 3.6 12 47 38 1 1 1 0 

3.6- 4.8 19 66 15 0 0 0 0 

4.8- 6.5 18 77 5 0 0 0 0 

6.5- 7.5 14 83 3 0 0 0 0 

7.5- 8.7 35 51 14 0 0 0 0 

8.7- 9.7 20 45 35 0 0 0 0 

9.7-12.0 15 75 10 0 0 0 0 

12.0-13.3 19 72 9 0 0 0 0 

13.3-14.2 16 60 24 0 0 0 0 

14.2-16.0 30 59 11 0 0 0 0 $ 

16.0-17.0 31 64 5 0 0 0 0 $ 

17.0-18.0 14 47 39 0 0 0 0 $ 

Mean 20 64 16 trace trace trace 0 

b 11 77 12 18.0-19.0 10 26 60 2 1 1 0 $ 

19.0-20.0 4 11 39 21 20 5 0 $ 

20.0-21.0 9 28 58 2 1 2 0 $ 

21.0-22.0 18 45 36 1 0 0 0 $ 

22.0-22.9 15 39 13 4 11 8 10 $ 

Mean 11 30 41 6 7 3 2 

a&b 18 79 3 Mean 18 55 22 2 2 1 •• 
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--- --~--------------------------------------------

NO 88 SW 3 

Surface level c.+111m 
Water not struck 
Pit 
August 1989 

LOG 

Ge~logical 
classification 

Glacial sand 
and gravel 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

2 59 39 

8176 8458 East Carmont 

Lithology 

Soil 

Sandy gravel, coarsening 
downwards 
Gravel: cobbles, coarse and 
fine, some boulders <250mm, 
subangular to well rounded 
quartzites, granite, schist, 
basalt, red porphyry, 
vein-quartz, gneiss and some red 
mudstone. Some schists rotten 
Sand: medium with fine becoming 
mostly medium below 2.0m, 
angular -to subruigular, rocK 
chips and quartz, a little mica, 
reddish brown 
Fines: silt, disseminated 

Depth below 

surface (m) 

from to 

0.1- 2.0 

2.0- 3.8 

Mean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +l/4-1 +1-4 

3 

1 

2 

20 

6 

13 
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53 

20 

38 

9 

8 

8 

Overburden O.lm 
Mineral I 3.7m+ 

Thickness Depth 

m 

0.1 

3.7+ 

m 

0.1 

3.8 

Gravel 

+4-16 

7 

7 

7 

+16-64 +64 mm 

8 

36 

21 

0 

22 

11 



NO 88 SW 4 8186 8409 Garbertstrypes 

Surface level c.+142m 
Water struck at c.+131,5m 
Section and pit 
August 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

\ 

Lithology 

a Degraded face in sand and 
gravel, not sampled 

b Gravel, clast-supported, 
dense, poorly sorted, crude 
sub-horizontal bedding 
Gravei: cobbles, coarse and 
fine, some boulders <300mm, 
generally angular to subangular 
with well rounded, grey 
sandstone, quartzites, 
vein-quartz, andesite, schist, 
red porphyry with some basalt 
and rotten tuff 
Sand: coarse with medium and 
some fine, angular to subangular 
rock chips with quartz and 
feldspar 
Fines: silt and clay, 
disseminated and forming some 
clay-bound seams. Some 
micaceous clayey silt-rich 
seams. Moderate reddish brown 

Surface of underlying till 
thought to be close to bottom of 
pit. 
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Mineral I 10,7m+ 

Thickness Depth 

m m 

5.0 5.0 

5.7+ 10.7 



NO 88 SW 4 
Grading 

a 

b 

Mean for Deposit 

percentages 

Fines Sand Gravel 

4 26 70 

Depth below 

surface (ml 

from to 

5.0- 7.0 

7.0- 8.8 

8.8-10.7 

Mean 

percentages 

Fines Sand Gravel 

-1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

---

Ho grading data available for this deposit 

5 6 13 13 19 26 18 

4 3 7 14 23 21 28 

3 2 6 13 30 41 5 

4 4 9 13 24 29 17 
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NO 88 SW 5 

Surface level c.+180m 
Water not struck 
Amalgamated log of two pits 
August 1989 

8176 8360 Den of Luckyfeal/Witch Pots 

Overburden 0.2m 
Mineral I 6.6m+ 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Grading 

Hean for Deposit 

percentages 

Fines Sand Gravel 

3 45 52 

Lithology 

Soil 

Gravel, clast-supported, very 
dense 
Gravel: cobbles. coarse and fine 
with boulders <400mm. either 
well rounded or angular to 
subrounded, quartzites, 
porphyritic andesite/basalt, 
vein-quartz. gneiss. schist with 
some red mudstone and tuffaceous 
sandstone 
Sand: medium with fine and 
coarse. angular to subangular 
rock chips. quartz and feldspar. 
very little mica. quite variable 
in grade and sorting 
Fines: silt, disseminated. Rare 
thin seams of reddish brown 
micaceous silt. 

Depth below 

surface (ml 

from to 

0.2- 1.4 

1.4- 3.5 

3.5- 5.0 

5.0- 6.8 

Hean 

percentages 

Fines Sand 

-1/16 •1/16-1/4 +1/4-1 +1-4 

---
6 17 25 10 

2 4 9 7 

3 19 46 11 

3 12 19 10 

3 12 24 9 
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Gravel 

+4-16 

10 

12 

10 

16 

12 

Thickness Depth 

m 

0.2 

6.6+ 

+16-64 

9 

31 

11 

19 

19 

m 

0.2 

6.8 

+64 mm 

23 

35 

0 

21 

21 



NO 88 SW 6 

Surface level c.+129m 
Water not struck 

8233 8440 Foggie Brae 

250mm and 200mm percussion 
July 1989 

LOG 

Geological 
classification 

Flow-till 

Glacial sand 
and gravel 

Lithology 

Soil 

Diamicton; firm to stiff sandy 
clay matrix, cohesive, with 
angular to well rounded clasts 
<150mm of andesitic lava, 
quartzite and some rotten green 
schist. Stratified. Moderate 
reddish brown. Micaceous 

a Sand, clay-bound and gravelly 
in top 0.9m, becoming sandy 
downwards. Moderate reddish 
brown ( lOR-_4 / 6} ~ to moderate 
brown (5YR 4/4} 
Gravel: coarse and fine, cobbles 
<lOOmm, as below 
Sand: medium with some fine and 
coarse, angular to subangular, 
quartz and rock chips with a 
little mica 
Fines: some silt, disseminated 

b Gravel, bedded 
Gravel: coarse and fine with 
cobbles <150mm, either well 
rounded or subangular to sub 
rounded, porphyritic lava, 
quartzite, psammite, vein-quartz 
with some micaceous red 
sandstone and rotten schist. 
Fine gravel more angular than 
coarse 
Sand: medium to coarse with some 
fine, quite variably $Orted, 
subangular to subrounded quartz 
and rock chips with some mica 
Fines: 20mm-seam of cohesive 
diamictic sandy clay at 6.3m, 
otherwise disseminated silt and 
clay, reddish brown 
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Overburden 2.0m 
Mineral I 6.3m 
Waste 2.lm+ 

Thickness Depth 

m 

0.2 

1.8 

2.4 

3.9 

m 

0.2 

2.0 

4.4 

8.3 



Flow-till 

Grading 

Hean for Deposit 

percentages 

Finea Sand Gravel 

a 8 78 14 

b 5 41 54 

a&b 6 55 39 

Diamicton; sandy clay to clayey 
fine to coarse-grained sand 
matrix recovered as slurry. 
Angular to well rounded clasts 
of andesite and quartzite with 
some flesh-coloured granite. 
?clast-supported in part. 
Moderate reddish brown (lOR 4/6) 

Borehole terminated owing to 
slow progress 

Depth below 

surface (m) percentages 

Fines Sand 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 

---
2.0- 2.9 12 9 30 16 

2.9- 4.4 5 10 75 8 

Mean 8 9 58 11 

4.4- 5.6 5 4 25 13 

5.6- 7.0 5 7 16 16 

7.0- 8.3 6 6 18 18 

Mean 5 6 19 16 

Mean 6 7 34 14 
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2.1+ 10.4 

Gravel 

+4-16 +16-64 +64 mm 

---

16 17 0 

1 1 0 

7 7 0 

19 28 6 

34 22 0 

21 27 4 

25 26 3 

18 19 2 



NO 88 SW 7 

Surface level c.+151m 
Water not struck 

8246 8387 Brucklaywaird 

250mm and 200mm percussion 
July 1989 

LOO 

Geological 
classification 

Glacial sand 
and gravel 

Lithology 

Soil, gravelly 

a Gravel, probably 
clast-supported 
Gravel: cobbles, coarse and 
fine, some boulders >250mm, 
rounded to well rounded 
quartzite, purple andesite, 
vein-quartz and some acid 
volcanics 
Sand:fine to coarse, poorly 
sorted, angular to subrounded 
rock chips and quartz with some 
mica 
Fines: silt, disseminated, 
moderate brown (5YR 4/4). 

b 'Clayey' sandy gravel, 
stratified with some 
clast-supported seams 
Gravel: coarse and fine with 
scattered cobbles <lOOmm, 
well-rounded quartzites and 
psammites and angular andesite. 
_Some red muds tone 
Sand: fine to medium with some 
coarse, variable sorting but 
generally fining downwards, 
micaceous, otherwise as above 
Fines: silt, disseminated and as 
seams (<15mm) of fine sandy silt 
and clayey silt. Rare seams of 
plastic clay towards base. 
Moderate reddish brown 

c 'Clayey' sand, finely 
stratified 
Gravel: scattered coarse and 
fine pebbles, as above 
Sand: fine to medium with a 
trace of coarse, micaceous, 
otherwise as above 
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Overburden 0.4m 
Mineral I 13.lm 
Waste 4.0m+ 

Tilickness Depth 

m 

o.4 

5.8 

5.0 

2.3 

m 

0.4 

6.2 

11.2 

13.5 



Fines: silt, disseminated and in 
seams, becoming more abundant 
downwards 

Glaciolacustrine lnterstratified diamictic silty 3.1 16.6 
deposit fine sand, fine sandy silt and 

plastic silty clay. Gravelly at 
base. Quite micaceous and 
laminated in parts. Moderate 
reddish brown (!OR 4/6). 
Scattered angular to subangular 
clasts up to cobble size, 
especially of biotite-chlorite 
schist 

Till Diamicton; very stiff, sandy 0.9+ 17.5 
silty clay matrix, moderate 
reddish brown, with clasts <64mm 
of angular andesite and 
well~rounded quartzite, 
psammite, jasper and schist 

Borehole terminated owing to 
slow progress 

Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +1/4-1 +1-4 +4-16 +16-64 +64 mm 

--- --- ---
a 7 27 66 0.4- 2.5 No grading data available 

2.5- 6.2 7 7 11 9 16 24 26 

Mean 7 7 11 9 16 24 26 

b 10 64 26 6.2- 7.5 12 25 36 5 7 8 7 

7.5- 8.6 15 47 28 4 3 3 0 

8.6- 9.6 9 22 21 8 13 27 0 

9.6-11.2 5 22 32 9 11 21 0 

Mean 10 28 29 7 9 15 2 

C 13 83 4 11. 2-12. 5 10 41 35 7 5 2 0 

12.5-13.5 18 41 37 3 1 0 0 

Mean 13 42 36 5 3 1 0 

a-c 9 51 40 Mean 9 21 23 7 11 17 12 
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NO 88 SW 8 

Surface level c.+129m 
Water struck at c.+113.8m 
250mm and 200mm percussion 
July. 1989 

8371 8238 Criggie Smithy (Former) 

Overburden 0.3m 
Mineral I 16.5m 

LOG 

Geological 
classification 

Glacial sand 
and.gravel 

Lithology 

Soil.gravelly 

a Gravel, well bedded, part 
clast-supported 
Gravel: coarse and fine with 
some cobbles <150mm, subangular 
to subrounded andesite with some 
red sandstone and mudstone. 
Well rounded quartzite, 
psammite, vein-quartz and 
flesh-coloured granite 
Sand: medium with coarse and 
some fine, angular to subangular 
·quartz and rock' chips ·-
Fines: some disseminated silt. 
Reddish brown 

b Pebbly sand, well bedded and 
sorted 
Gravel: coarse and fine, as 
above 
Sand: fine to medium with 
coarse, quite variable, soft, 
micaceous, otherwise as above 
Fines: silt, disseminated and in 
seams, especially at 4m and 
7.9m, moderate reddish brown 

c 'Clayey' sand 
Gravel: scattered pebbles above 
llm 
Sand: fine with medium, well 
sorted, angular to subrounded 
clear and red-stained quartz 
with lithic grains. A little 
mica 
Fines: silt, disseminated and in 
crudely laminated seams (<150mm) 
above 12m and below 15m. 
Reddish brown above 13.6m, 
orangey brown below 

216 

Waste 2.4m+ 

Thickness Depth 

m m 

0.3 

3.4 

6.3 

6.8 

0.3 

3.7 

10.0 

16.8 



Glaciolacustrine Interstratified silty fine sand 0.3 17.1 
deposit and fine sandy silt, crudely 

laminated, micaceous. some 
graded·beds 

Flow-till Diamictic fine sandy silt to 0.2 17.3 
silty clay 

Till Diamicton: firm to stiff sandy 1.9+ 19.2 
clay matrix, becoming stiffer 
downwards, with clasts <150mm of 
A tuffaceous sandstone and 
well-rounded quartzites, 
psammite and vein~quartz. 
Moderate reddish brown (lOR 4/6) 

Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +1/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

a 4 40 56 0.3- 1.5 3 10 21 14 16 28 8 

1.5- 2.5 5 7 22 14 19 25 8 

2.5- 3.7 5 8 16 12 24 35 0 

Hean 4 8 19 13 20 31 5 

b 7 73 20 3.7- 5.1 12 28 35 10 6 9 0 

5.1- 6.4 6 17 29 25 12 11 0 

6.4- 7.6· 5 33 40 7 9 6 0 

7.6- 8.7 8 24 30 14 11 13 0 

8.7-10.0 5 29 31 15 11 9 0 

Hean 7 26 33 14 10 10 0 

C 11 89 0 10.0-12.0 12 46 38 2 1 1 0 

12.0-13.6 9 55 '36 0 0 0 0 

13.6-15.0 10 57 33 0 0 0 0 

15.0-16.8 13 57 30 0 0 0 0 $ 

Hean 11 54 34 1 trace trace 0 

a-c 8 73 19 Hean 8 34 31 8 8 10 1 
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NO 88 SE 1 

Surface level c.+117m 
Water not struck 
Section and pit 
August 1989 

LOO 

Geological 
classification 

Conglomerate 
{Old Red 
sandstone} 

8539 8305 Lochburn Quarry 

Lithology 

Soil, very gravelly, well 
rounded clasts 

Gravel, ice-disturbed 
conglomerate, very dense, 
becoming lithified downwards. 
Gravel: cobbles, coarse and 
fine, few clasts >200mm, well 
rounded psammite, granite, pink 
porphyry, quartzite, felsite, 
epidiorite, porphyritic andesite 
and basalt, aphyric basalt and 
rotten schist. Many clasts 
rottenT many 0 broken--a:l:ong 
shatter-belts. Generally well 
sorted and clast-supported. 
Bedding dipping at 50° to the 
south. 
Sand: medium with fine and 
coarse, tuffaceous, orangey 
brown, either occurring as a 
matrix or as discrete beds. 
Becoming lithified downwards. 
Fines: a little silt and clay. 

Pit abandoned at 1.5m beneath 
quarry floor, too hard to dig 
deeper 
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-Overburden 0.3 
Mineral II 3.5m+ 

Thickness Depth 

m m 

0.3 

3.5+ 3.8 



NO 88 SE 1 
Grading 

Hean for Deposit 

percentages 

Fine• Sand Gravel 

4 30 66 

Depth below 

surface (m) 

from to 

0.3:. 2.3 

2.3- 3.8 

Hean 

percentages 

Fine• 

-1/16 

5 

4 

4 

Sand 

+1/16-1/4 +1/4-1 

11 

9 

10 
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13 

13 

13 

+1-4 

.5 

9 

7 

Gravel 

+4-16 

15 

13 

14 

+16-64 

51 

19 

38 

+64 mm 

0 

33 

14 



NO 88 SE 2 

Surface level c.~96m 
Water not struck 
Pit 
August 1989 

LOG 

Geological 
classification 

Till 
{ice-disturbed 
conglomerate) 

Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

3 25 72 

8622 8374 West Newtonleys . 

Lithology 

Soil, very gravelly 

Gravel, clast-supported, very 
dense 
Gravel: cobbles, coarse and 
fine, boulders <350mm, chiefly 
well rounded quartzites, 
granite, porphyry, gneiss, 
porphyritic andesite and 
fragments of lithified 
conglomerate 
Sand: medium with coarse and 
fine, tuffaceous, reddish-brown 
Fines: silt, disseminated 

Deposit still unconsolidated at 
base, no lithification 

Depth below 

surface (ml 

from to 

0.2- 1.8 

1.8- 3. 5 

Mean 

percentages 

Fines Sand 

-1/16 +1/16-1/4 +1/4-1 +1-4 

5 7 18 10 

2 3 7 5 

3 5 12 8 
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Gravel 

+4-16 

12 

14 

13 

Overburden 0.2m 
Mineral II 3.3m+ 

Thickness Depth 

m· m 

0.2 

3.3+ 

+16-64 

21 

46 

34 

0.2 

3.5 

+64 mm 

27 

23 

25 



NO 88 SE 3 

Surface level c.+63m 
Water struck at c.+58.6m 
250mm percussion 
July 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Glaciolacustrine 
deposit 

Flow-till 

Till 

8773 8430 Mains of Dunnottar 

Overburden 
Mineral I 
Waste 
Bedrock 

0.3m 
3.4m 
6.4m 
0.4m+ 

Lithology Thickness Depth 

Soil, sandy with cobbles 

a Sandy gravel 
Gravel: coarse and fine, some 
cobbles, subangular to well 
rounded gritty psammite, 
quartzite and lava 
Sand: medium with coarse and 
fine, angular to subrounded 
quartz, feldspar 
and rock chips. Some mica 
Fines: silt and clay, 
disseminated and coating grains, 
moderate brown (5YR 5/4) 

b 'Very clayey' sand, crudely 
laminated 
Sand: fine, soft, quartz, lithic 
grains and mica 
Fines: very silty, especially 
between 1.7-2.0m and 3.2-3.7m, 
disseminated and in seams. Some 
2mm ?organic spots. Light brown 
(5YR 5/6) to moderate reddish 
brown (!OR 4/6) 

Fine sandy silt, firm, moderate 
reddish brown (!OR 4/6) 

Finely interstratified fine 
sandy silt, silt, silty clay and 
clay, becoming more clayey and 
more stiff downwards, moderate 
reddish brown (!OR 4/6) 

Diamictic sandy clay with 
scattered clasts <64mm, crudely 
laminated, moderate reddish 
brown 

Diamicton; firm, plastic sandy 
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m m 

0.3 

1.4 

2:0 

0.7 

3.6 

1.1 

1.0 

0.3 

1.7 

3.7 

4.4 

8.0 

9.1 

10.1 



clay matrix with angular to 
rounded clasts up to cobble size 
of quartzite, sandstone, ~otten 
schist and lava. Moderate 
reddish brown (lOR 4/6) 

Old Red Conglomerate, very hard. o.4+ 10.5 
Sandstone Fragments of quartzite, lava and 

vein-quartz retrieved 

Grading 

Hean for Deposit Depth below 

percentages surface (ml percentages 

Fines Sand Gravel Fines Sand Gravel 

from to -1/16 +l/16-1/4 +l/4-1 +1-4 +4-16 +16-64 +64 mm 

--- ---
a 8 50 42 0.3- 1. 7 8 10 25 15 17 25 0 

b 30 68 2 1. 7- 3.7 30 66 1 1 1 1 0 

a&b 21 60 19 Hean 2:i. 4_2 11 - J-~ - 8 11 0 
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NO 88 SE 4 

Surface level c.+73m 
Water not struck 
250mm percussion 
July 1989 

LOG 

Geological 
classification 

Glacial sand 
and gravel 

Glaciolacustrine 
deposit 

Till 

Old Red Sandstone 

8761 8089 

Lithology 

Soil, gravelly, sandy 

Sandy gravel 

Uras Knaps 

Gravel: fine and coarse, angular 
to well rounded quartzite, 
vein-quartz, lavas and some 
rotten schist 
Sand: medium with coarse and 
some fine, angular to well 
rounded, quartz, feldspar, rock 
chips and some mica 
Fines: a little disseminated 
silt and clay 

Silt, sandy and clayey, 
laminated with laminae of clay 
and fine-grained sand. Rare 
fine pebbles. Moderate reddish 
brown (lOR 4/6) 

Diamicton; firm, sandy clay 
matrix with subrounded to 
well-rounded clasts up to cobble 
size of quartzite and gritty 
psammite with porphyritic 

. andesi te lava 

Conglomerate, ha~, little 
retrieved 
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Overburden 
Mineral I 
Waste 
Bedrock 

0.3m 
2.0m 
8.7m 
O.lm+ 

Thickness Depth 

m m 

0.3 

2.0 

3.8 

4.9 

0.1+ 

0.3 

2.3 

6.1 

.11.0 

11.1 



-- ------ - - ---------------------------------------------------------

NO 88 SE 4 
Grading 

Mean for Deposit 

percentages 

Fines Sand Gravel 

3 65 32 

Depth below 

surface (m) 

from to 

0.3- 2.3 

percentages 

Fines Sand Gravel 

-1/16 +1/16-1/4 +1/4-1 +l-4 +4-16 +16-64 +64 mm 

3 7 35 23 19 13 0 

224 



1 
NO 68 NB RlA 65,0 8728

2 
lleat.heryhaugh 

03 6 
Azimuth 080 4 

Overburden O. lm 

August 1989 Mineral I 2.2m 
Waste 7 .711 
Bedrock 

Interpretation 7 

Geological 
clasaitication Lithology Resistivity Thickness Depth 

(ohll •l (•) (11) 

-
Soil, silt)' 243 0.1 0.1 

Alluvium Sand 2583 0.2 0.3 

Cobble gravel 9989 2.0 2.3 

?Till/Decoaposed Clll)', gravelly and 419 7,7 10.0 

l'v 
bedrock sandy 

l'v 
V1 Caledonian Granite, trash 14428 

·-· 11 

~ 

E 

~ 
Jl 
) .., ·-· Ill 
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~ 

v- r-.r 

/ ~ ~ V 
~ I>< -
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0.1 I. ,e. lllB. 

Electrode Sepcroti<Yl / Depth (m) 

1 
2 
3 
4 
s 
6 
7 
8 
9 

10 
11 
12 
13 
14 

ll'A.JT DAlR 5 
Electrcde 

!'fx,c lrg A C 01 ce B 

0.5 536.0000 513.0000 334.0000 342.fll:l'E 2'2.~ 
1.0 478.au:I 4515.ID:0 284.0000 Jaa.00110 23. l!Ba 
2.0 3813.00110 362.1:HE 266.l'H:0 al:'l.l!HE 25.--
4.0 182.11:B:1 164.9000 1:E.B000 168.e&E 17.1:9:10 
8.0 54.8000 51 .5000 47.1:HE 46. 10il0 3.1EE0 

16.0 19.6400 15.69EE 11 .93".0 14.7200 1.190il 
32.0 12.2800 11.64W 11.91:E0 10.0800 J.371'1! 
64.0 6.30EE 6.7200 6.0?00 5.ffi00 0.7680 

l'RX:E9SltG A::9.l... TS 8 
Electrode t..J,rrer- Oce,,-ved orr,,.,t. Lot.erol 

!'fx,c irg ~i~t.ivit..y .&ro- &ro-

0.5 1061.86 0.0011 0.0237 
1.0 11397.52 -e.eooe 0.11se 
1.5 cB:;8.96 
2.0 33'4.96 0.01:1118 -e.15:l2f! 
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Resistivity records of each of the depth 
soundings used in the assessment are given in 
Appendix H 

The numbered paragraphs that follow correspond 
with the annotations given on the annot3:ted 
example 

1 Resistivity sounding identification number 
The resistivity sites are registered in a similar 
manner to the boreholes, shallow pits and 
sections. The site number has the form 'Rn'; 
where more than one sounding has been made at 
a site, the registration number is suffixed by the 
letters A, B, etc. 

. 2 National Grid Reference 
All National Grid references fall in the 100km 
square NO. Grid references for each sounding 
are given to eight figures and are accurate to 
within 10m. The position of the site is generally 
referred to the nearest named locality on the 
1:25 OOO base map. 

3 Azimuth 
Azimuth refers to the compass bearing, in 
degrees from Grid North, along which the 
electrode array w~ _ laid Q~t (corr:ect.ed for 
magnetic variation at March 1987) ........ . 

4 Date 
The date of the sounding is given. 

5 Input data 
The input data are the field resistivity readings 
(measured in ohm.m) taken at different electrode 
spacings for a particular electrode configuration. 

6 Summary log 
The resource evaluation is presented in a similar 
manner to that for boreholes, shallow pits and 
sections; generally, no thickness is given for the 

,lowest layer because the junction with the 
underlying deposit is undefined. 

7 Geological interpretation 
The resistivity log is derived from the 
computer-generated model which best. fits the 
field data. The lithological interpretation and 
geological classification are based upon 
knowledge of local geology and correlation with 
nearby sample points. 

8 Processing results 
The processing results are the apparent 
resistivities calculated for a given electrode 
spacing (Wenner configuration) together with an 
indication of the percentage observed, off set and 
lateral errors (expressed as a decimal). The root 
of mean square (RMS) percentage errors for the 
sounding as a whole are also given. 

9 Field c.urve data 
The field curve data give the apparent 
resistivitites used in the interpretation, the 
percentage difference of the theoretical model 
from the field data (RMS relative error) and an 
indication where the maximum deviation from 
the field data points occurred (Maximum relative 
error). · 

10 Interpreted model 
The interpreted model shows the thickness, 
depth (both in metres) and the apparent 
resistivity (ohm.m) for each layer recognised in 
the interpretation of the sounding. The 
reflection coefficients are an expression of the 
percentage difference in the resistivities of two 
adjacent layers. 

11 Plotted results 
The results plotted are those used in the 
computer modelling. The field data, generally 
gathered at electrode spacing of 0.5, I, 2, 4, 8, 
16, 32 and 64m, and intermediate values 
obtained by computer processing of this data are 
shown. The curve shows the computer
generated model. 
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"' "' ...... 

NO 68 NE RlA 

Azimuth 080° 
August 1989 

InterpNJtation 

Geological 
classification 

Alluvium 

7Till/Deco11posed 
bedrock 

Caledonian 

65'10 8728 Heatheryhaugh 

Lithology Resistivity 
(ohm 111 

Soil, silty · 243 

Sand 2583 

Cobble gravel 9989 

Clay, gravelly and 419 
sandy 

Granite, fresh 14428 

---

Overburden 
Mineral l 
Waste 
Bedrock 

Thickness 
(ml 

0.1 

0.2 

2.0 

.. 7.7 

O. Im 
2.2m 
7.7m 

Depth 
(ml 

-
0.1 

0.3 

2.3 

10.0 
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1-1--1·-+-I-I-H 

.... ,. ·· 1---·'-- , ____ .-1:...1_,_ -1----'--'--···-J-L.. 
"·' I. Ut. hli. 

E IF.r.l:.ruct:: Sq11:o-0L ion / ~':pl.h (,n) 

ll'f\.JT D'llA 
Electrode 
~Ing A C 01 ce B 

0.S S36.0000 S13.0000 334.0000 3<12.0000 22 .41:1:E 
1.0 478.0000 "19;.0000 284.00210 ~-- 23.1000 
2.0 389.IOOEE 362.0000 a56.EE00 a:B.0000 25 . .-
4.0 182.1000 164.9El':0 1:E.flEUI 168.E&E 17.0000 
8.0 54.SEU:I 51 .50'l0 47.0000 46.1000 3.10M 

16.0 19.6'0:'I 15.6'900 11.93eE 14.7a!B 1.1!;01 
32.0 12.aiee 11.6400 11 .9El':0 10.081?0 3.3'i\'E 
64.0 6.3000 6.TcB! 6.0700 5.ffi00 0.76130 

PIU:ESS IJ'G IE'9..1.. T5 

Electrcdc ~ ~ orr:iet. Lat.e,-ol 
~ing Re:s i ot. iu i t!y &ro- Ern:r &ro-

0.5 1061.86 0.ee11 0.Ee37 0.080'1 
1.0 1897.S2 -0.0!6? 0.119e 0.0816 
1.5 a3i8.96 
2.0 3:B4.96 0.eeea -0.EE28 0.1527 
3.0 ::n>9.58 
4.0 3817.66 0.IBlG 0.2120 -0.2197 
6.0 341S.93 
8.0 2339.86 0.1'1!137 -0.0193 -e.121S 

12.0 ti:ff!.4S 
16.0 1339.58 0.1sa, 0.c!B4 -0.1769 
24.0 1557.00 
32.0 aFD.67 -0.26:!1 -0.1EE6 -e.S9c5 
48.0 3024.36 
64.~ 2123,.81 -0.1736 -0.1106 0.001:'.0 

R.M.5. O~lcrol &...-.:r - .1085 
R.M.s. arr-. w..-r.r Oirr..........:.e - .1438 
R .M.S. Pot.e--t. la I Laclir DI rrererce - .8624 

F l[l.0 O.R.£ D'\TA JNIE~DMXEL 
E loct.n,,:i,, ~ Ref loct. ion 

Sepa,-at. Ion Reslsllvl~ Thicl<re&s ~ l,h:, Coeffl&. 

1 0.5 1B'i1 .86 0.12 242.? 
2 1.0 1897.52 
3 1.5 a368.96 0.12 -------- 0.8255 
4 2.0 3:»1.96 
5 3.0 38'.E.OO 0.18 2',38.4 
6 <l.0 3817.66 
? 6.0 ~.00 0.:E -------- 0.5947 
8 8.0 2339.86 
9 12.0 1560.00 1.97 9988.7 

10 1G.0 1339.58 
11 24.0 19;7.99 2.28 -------- -0.9196 
12 3:! .l'l i:E09.67 
13 48.0 :?6-..-4. 35 ?.?I 418.5 
!4 64.0 2'2:b.81 

9.~ -------- 0.9<136 

R .11. 5. Ra 1,,t.1,-"" F.lr't-r.r • 0.~5 14428.0 
f1:a,,,clm.1nrel. c..-,·,., ... • ·0.0i:31Sot.. :W::.-1J>le 12 
rtntn· of t.ri,,I~ •,,~ ;J'I •••••••• 

~$ 
>~ nz 
::i::~ 
;.i:..z~ 
,:, ;;: 
~,:, 
Vl ~ 
Ovi 
C: -~Vl n 1-i ~< 
Vl :j 
::i:: i< 
~ 
~,:, 
1-i ~ n 

0 
,:, 
~ 
Vl 
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N068 NE RlB 

Azimuth 030° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

?Till/Decomposed 
bedrock 

Caledonian 

6540 8728 

Lithology 

Soil, silty 

Sand 

Cobble gravel 

Clay, gravelly and 
sandy 

Granite 

Heatheryhaugh 

Res is t1 vity 
(ohm m) 

---
216 

2506 

10328 

504 

2729 

Oveburden O. lm 
Mineral I 2.2m 
Waste 6. lm 
Bedrock 

Thickness Depth 
(ml (m) 

0.1 0.1 

0.2 0.3 

2.0 2.3 

6.1 8.4 

,umi.-,~ F:::f-1111·111 I I I lflTfl I I 11 lffB 
1---+-·-l--t-f-· I I I I I I I I I I I I-H--1 I I I t--

~ 

E 

g 
'J 

.:r 
) 

.., 
II) 

VI 

& 

t 
} 

un-l'l. ··t-:-=-:::=.1=::-C-+-J I I I I I 
·-t-,·-···--+--·-•--t I I I I 11 I I I I I I I I I I I I I I ···-----•·--+ I I I I 111 I I I I I I I 11 I +-+-1-1----+--t- I I I I I 11 I I I I I I I 11 I I I I 1--1--1-1-1 

~ 
I/ "' 

KJ>-,J>vr/ p< 

u.m. I I I I X I I I I I I I I I I I I I I I I I I I I I I I 
0.1 ,. 10. '""· 

E lec.l:.rode Sepcrat. ion / Dept.h (m) 

ll"f\JT C)qlA 

Electrode 
Sp:,i: lrg A C D1 ce B 

0.5 538.0000 517.0000 325.0000 348.0000 20.7000 
1.0 486.0000 "62.0000 3:!6.0000 308.0000 24. 1000 
2.0 388.0001! 359 .12'.000 264.0001! 267.0001! 29.7000 
4.0 194. 70il! 177.130'0 136.Q'Ul 1~.6000 16.3330 
8.0 62.40EE 59.50:E 51.ED'l0 45.2030 3.5100 

16.0 16.4100 15.6400 12.8500 15.3:03 2.3800 
32.0 11.1~ 9.9.:im 9.4Sl'E 8.1~ 2.1000 
64.0 10.al".0 8.7000 4.69e0 4.6400 0.9GE 

Pl<IX:ESS ll'G RE9..L lS 

Electrode, t.1,-rer ~ Off:iel Lat..,rol 
Spccirg Re:,i:,t.ivit..y Err<r ""rn:r E:rro-

0.5 1e67.15 0.0006 0.0684 0.0884 
1.0 1!l?B.94 -0.e!EIE 0.ID:6 0.0836 
1.5 2729.81 
2.0 3336."37 -e.E018 0.0113 0,1060 
3.0 4e66.44 
4.0 3864.16 0.E:18=9 0.21se 0.0013 
6.0 3310.20 
8.0 24"37.88 -e.f!Ji!£T7 -0.1361 0.25'96 

12.0 1390.27 
16.0 1417.49 -e.!!1937 0.1773 -0.408.:! 
24.0 1542.39 
32.0 rn0.:E -0.04::E -0.141:l> -0.3843 
48.0 1966.74 
64.0 1!fr5 .91 0.- -e.0107 0.EE00 

R. M. S . O:,,,er-vc,l lcro I Errcr • . 0414 
R.M.5. arr~ W,.,...,.. Diff...--r.e • .1247 
R.M.S. Pole·,t.101 l...cd::e- Dirr.........-ce • .2413 

F IElD Q.R.£ CAffi INTEf.PRE1ED MIEL 

E leclr-o:le, f'qx:r-ent. Refh•clion 
Sepcrol: ion Reslslivit.y Thlcl<ress ~ Rl-o Coeffls. 

1 0.5 1057.15 0.11 216.3 
2 1.'0 1928.94 
3 1.5 2729.81 0.11 -------- 0.8411 
4 2.0 3336.37 
r, 3.0 IB.l.00 0.18 250;.3 
,; 4.fJ 3864. 16 
7 6.0 33e;.00 0.29 -------- 0.6095 
8 8.0 2437.88 
<) 12.~ 1750.1':0 1.95 11ilx.'8. 3 

10 16.0 1417.49 
11 24.0 1542.39 2.24 -------- -0.9070 
12 :E.0 1770.35 
13 48:.0 1936.74 6.12 503.9 
14 64 .IJ 1875.91 

8.35 0.61382 
R.11.S. Reloll<.e B'T'O" = 0.0'101 
t1.,x lr,un re I. error • -0 .0,86 at. """Pie 5 

2728.6 
N.nber of lr io (,- '-'-""' ::0 •••••••• 
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ID 

N068 NE R2A 

Azimuth 005° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

?Olaciolacustrine 
deposits 

e 
£ 
J1 
) 

..., 
Ill 

& 

1 

·-

IEH!, 

108. 

-

0.1 

--

6552 8640 Heatheey Wood 

Overburden O. lm 
Mineral I 1.Zm 
Waste 

Lithology Resistivity Thickness Depth 
(ohm ml (ml (ml 

Soil, silty 117 0.1 0.1 

Sand 51M o.z 0.3 

Sand and cobbles, 14367 1.0 1.3 
dry 

Silt, sandy, damp 934 

~/ " 

/ ~ -.. '-' 
~ 

1. 10. 1011, 

Elect.ro:le Sep:ratio, / Depth (m) 

ll'AJT o<nR 
Electrcde 

Spr.,c lrg A C 01 ce B 

0.5 ~.0000 353.0000 254.0000 232.0000 1? .ffi00 
1.0 319.al:E :H;.E'l'E0 198.ae3 a,4.001.0 12.9000 
2.0 c!77.l'Dl0 262.EE00 186,50<0 172.l'DlB 14.9000 
4.0 164.3000 150.3000 135.3000 117.0000 13.5100 
8.0 53.a:HI 50.a:HI 43.1000 50.Seie 3.0430 

16.0 14.1600 13.3400 11.7000 11.7100 0.837'0 
32.0 6.El'B'! 5.63:E 5.1400 5.l!r.'00 0.3800 
64.0 2.860:l 2.63!0 2.3000 2.332111 0.2470 

Pll!XE9SIJ'(i 1£9..L 1S 

Electrode w,n-e,- Cl:>,,en.ed orr .... t. Lote"OI 
Spr.,c irg Re:, i ~t iv i t.y &r,:r &r,:r &r,:r 

0.5 7'63.41 ~.0018 ~-- 0.0466 
1.0 1263.95 0.00:E 0.0:88 0.08a6 
1.5 1747.95 
2.0 2252.52 0.0004 ~.081!E 0.1563 
3.0 2915.66 
4.0 3170.50 0.~ ~.1451 0.0208 
6.0 3208.29 
8.0 2:E2.42 ~.001!J7 0.1581 ~.1770 

12.0 1414.56 
16.0 1176.?1 ~.0012 0.0009 ~.1813 
24.0 935,33 
32.0 1026,42 0.000? ~.013? ~.?724 
48.0 983.08 
l;4 .PI 9:E.9? ~-01!1S9 0.0131!1 0.0000 

R.M.5. ~lorol &rcr - .0028 
R .M. 5 . 0 rr-. w,,,._.. D i rr""'""" - . 01180 
R.M.5. flot.<rl.lol Lcd::ler Dlff~ • .1568 

F IEl.D Q..R..£ ffiTR IN IOd-+cE IEO MX£L.. 

Electrode ~ 
SEp:rot.lon ~lsllvlty 

Rerlect.ion 
Rh:> c.oerrts. Thldo"ess. ~ 

1 0.5 763.41 0.10 116.8 
2 1.0 1a:.3.S6 
3 1.5 174?.$ 0.10 0.9580 
4 2.0 2252.52 
5 3.0 2740.00 0.18 5447.1 
6 4.0 3170.50 
7 6.0 aE,0.00 0.28 0,4502 
8 8.0 2:E2.42 
g 12.0 16:6.00 1.03 14367.4 

10 16.0 1176.71 
11 24.0 1E£,0.00 1.31 -0.8'7i"9 
12 :E.0 1006.42 
13 48.0 983.08 933.9 
14 64.0 9:E.92 

R.M.S. Relative en-er - 0.ffi01 
l"b><lm..mrel. ern:r = 0.1036at. scnple 10 •••••••• 
i't.nber- of trlol:> wz 10 
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N068 NE~ 

Azimuth 150° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

?Glaciolacustrine 
deposits 

10,D).-

~ ~ 
E 

g 
~ 

.f 
) 

.J 10E . 
1/) 1------··1-
~) 
QJ 

I}'. 

t 
} 

100. 1 
0.1 

6552 8640 

Lithology 

Soil, silty 

Sand 

Sand and cobbles, 
dry 

?Silt, damp 

?Silt 

1. 

Heathery Wood 

Resistivity 
(ohm m) 

119 

3983 

10823 

829 

895 

Overburden 
Mineral I 
Waste 

Thickness 
(m) 

0.1 

0.3 

1.3 

19.5 

--1=1+1-!= 

10. 

E lee.trade Sepcrat. icn / DepU1 (m) 

O. lm 
1.6m 

Depth 
(m) 

--
0.1 

o.4 

1.7 

21.2 

··-· ... -· -

, .... 

ll'AJT OATI'I 

Electrode 
~Ing A C 01 00 B 

0.5 367.0000 349.0000 24"1.0000 241.0000 16.~ 

1.0 ::r:E.0000 320.0000 216.0000 cB,1.0000 12.0030 

2.0 245.0000 c£!7.0000 182.0000 156.8000 1?.9';00 

4.0 151.8:UI 139.60:E 139.0000 99.SIB:I 12.1000 

8.0 S0.51:Bi! 47.8000 49.1000 39.5000 2.8400 

16.0 15.33:E 14. Sl'l!l0 11 .6'100 11.602E 0.763!l 

32.0 5.0000 5.23:E 4.5830 4.3'Bl 0.3790 

64.0 2.921:'0 2.6800 2.3200 2.0'10i! 0.231' 

AU:ESS I)'(; l<E3.L TS 

Electrode ~ ~ orr,,.,t. Lat.erol 

~ing Re, i ~t. iu i t.y Error Error Error 

0.5 761.84 0.0e03 -0.0124 0.0144 

1.0 1:BS.90 -0.0000 -0.0769 0.1574 

1.5 1728.69 
2.0 212!:.<16 0.0000 -0.1561 -0.01c,' 

3.0 2829.:E 
4.0 2Sll7.0B 0.01?03 -0.3312 -0.048:! 

6.0 2863.11 
8.0 "536.?6 -0.0e03 -0.2167 -0.21:EJ 

12.0 14€6.14 
16.0 1171.19 -0.0008 0.0017 0.1541 

24.0 50:!.76 
32.0 898.75 0.a'H! -0.049= -0.1557 

48.0 887.09 
64.0 876.63 0.0014 -0.1284 0.0000 

'R.M.S. O=e-u:lt.lcrol Error• .0026 
R.M.5. arr-.~ Oiff.......-.:e • .1804 
R.M.5. Pot.enl lal Lor:xer Dlff........-ce • .125E 

F !ELD a..R..E CATR IN1£~1ED MI£L 

E lect.ro:le ~ Reflect.ia, 

Sepcrat.ion Reslst.ivlty lhiclo"ess ~t.h ~ Coeffts. 

1 0.5 761.84 0.10 118.7 

2 1.0 1'.E6.S0 
3 1.5 1728.69 0.10 -------- 0.9'121 

4 2.0 2122.46 
5 3.0 2685.03 0.27 3983.4 

6 4.0 c.H"?.08 
7 6.0 21:83.03 0.37 -------- 0.4619 

8 8.0 2226.76 
g 12.0 1SS0.00 1.34 10823.1 

10 16.0 1171.19 
11 24.0 !:E0.00 1.71 -------- -0.8576 
12 32.0 898.75 
13 48.0 887.00 19.49 829.4 
14 64.0 876.63 

21.20 -------- 0.0378 

R.M.S. Reiat.i,..e errcr = 0.ee80 894.6 
t'b>< lrn...wn re I . ,,~,--er • 0.ese; at. :,r.:nple 4 

l't..nt,er of trial" w:e 24 •••••••• 
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~ 

NO 68 NE R)A 

Azimuth 160° 
August 1989 

Interpretation 

Geological 
classHication 

Alluvium 

?Fluvioglacial 
sand and gravel 

?Till/Decomposed 
bedrock 

Caledonian 

E 
g 
~ 

J1 
) 

,J ~, 

,au,, 

If\\.}.-•·----

6572 8616 

Lithology 

Soil, pebbly 

Cobble, gravel 

Sand, pebbly 

Clay, gravelly and 
sandy 

Granite 

" 

_, 

Burn of Mainhaugh 

Resistivity 
(ohm 11) 

---
681 

6784 

1114 

665 

1321 

~ 

't 
[\l'k 

Overburden O. lm 
Mineral I 4.3111 
Waste 13. 7m 
Bedrock 

Thickness Depth 
(m) (m) 

0.1 0.1 

1.4 1.5 

2.9 4.4 

. 13. 7 18. l 

.:i. ~ 

Ill 

& 
--•·-•-1-H+III I I 1111111 .. I I 1111111 
1----1--1-1-1-

l 1--1-,-1~-l+HI I I I I H+II I I I' I 11 UI 

100.-1- I I I I I I'' I I I I I I I I I I I I I I I 1111 
0.1 1. 10. 100. 

E lee.trade Sep:rol icn / Depth (m) 

; ' 

Jl'AJT Cf=ITA 
E lec;tro:Je 
Sp:,clrg A C 01 ce 8 

0. 5 13?5. 0000 1295 . 0000 952.0000 851.0000 ?9.2P.00 

1.0 9?15.Ell".EE 84'1.0EH! 6186.0000 G:E.Ell".EE 60. 70'!0 

2.0 '106.0000 383.0000 3'18.0000 :B5.0000 23.0000 

4.0 1fJ7.0000 1eE.~ 98.80:'.0 86.9000 4.1000 

8.0 26.41:'1'0 25.a&:! 19.1130:! 22.1e&I 1.2080 

16.0 11 .451?0 10.8400 8.4&'10 8.0000 0.6040 

32.0 6.'7'.DI 6.4f.UI 4.21303 5.0100 0.3540 

64.0 4.380a 4.1000 2.81H! 3.:E00 0.26'.E 

PRx:ESS 11'(; 1,£9..L 1S 

Electrode w,,,,,,,e,- ~ Qff,oct. Lot.erol 

Sp:,c irg ~i:,tivil.y Em:.- Em:.-

0.5 2832.15 0.0006 -0.1120 

1.0 4fi!f77. 79 0.eao -0.ffi24 
1.5 4422.45 
2.0 4102.9e 0.0000 -0.1317 

3.0 3241.46 
4.0 2333.58 0.0019 -0.1282 

6.0 14.:E.87 
8.0 11!137.'18 -0.001213 0.1415 

12.0 870.40 
16.0 828.38 0.000i -0.0583 
24.0 880.48 
32.0 933.93 -0.0035 0.1572 
48.0 1EB:l.96 
64.0 1186.27 0.0039 0.2373 

R.M.S. ~lcrol &-n:r • .e020 
R.M.S. Off:oet. w,-,,,- o;rr...........-...e • .1385 
R .M. S . Pot.ent. lo I Lcd::i9r" D I ff ....-.n:e • .0Ba6 

F fEl.D OR-.£ CATR 

Eler:lr-cde ~ 
Sep:rotion Resls.t..ivit.y lhid<res5 

1 0.5 28:E.15 0.10 

2 1.0 4077.79 

3 1.5 4150.€0 
4 2.0 411:E.se 

5 3.0 :E41.4G 1.36 

6 <1.0 2'.3'33.58 
7 6.0 14...."'G.87 

:a 8.fl 1037.48 

9 12.0 811'l.OO 2.95 

'I) lG.ll .&.'>:l.'~ 
11 24.0 ~.48 
12 :E.0 9]].93 

13 '18.0 1009.66 13.65 

14 G4.0 1183.27 

R.M.S. Relatlv.a errcr- = 0.IE17 
l"b,,.im.m rel. errcr • -0.0482 at :e,aTple 2 
rl.nt,,,- of trio I~ w= 17 

~MIEL 

~ Rt-a 

681.1 

0.10 --------
6783.7 

1.46 --------
1113.8 

4.41 --------
665.2 

18.06 --------

1320.9 

•••••••• 

Em:.-

0. 11:'1>9 
0.0977 

0.1085 

-0.0181 

0.05c9 

0.0604 

0.0911 

0.110?10 

Reflection 
Coefft5. 

0.8175 

-0.7179 

-0.2522 

0.3332 



11,.) 
w 
11,.) 

NO 68 R3B. 

Azimuth 110° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

?Fluvioglacial 
sand and gravel 

?Till/Decomposed 
bedrock 

Caledonian 

6572 8616 Bum ot l'lainhaugh 

Lithology 

Soil. pebbly 

Cobble gravel 

Sand, pebbly 

Clay, gravelly and 
sandy 

Granite, fresh 

Resistivity 
(ohm m) 

--
658 

6736 

1203 

542 

7863 
--

Overburden O.lm 
Mineral I 5.0m 
Waste 15.5m 
Bedrock 

Thickness Depth 
(m) (m) 

0.1 0.1 

1.4 1.5 

3.6 5.1 

15.5 20.6 

:::i:+: lll:m.-E=-=J--=r+t:11111 I I I tti H+- -+-!-+ 

~ V 

E 

~ ""' 
~ I,\, 

Jl ., 
~ ., U'.00. -

[\I\ Jf I'\ 

II) -- ·'*-Y.:· ·-·•-t• J--J--~·-----· • J--l--t--•·I·-

II) 
w 

Cl:'.'. 

t 
i -----~ I I I I I 11 I I I I I I I 11 I I I I I I I 11 

100. 

0.1 ,. 10. 100. 

E lec.t.rode Sepcrot. icn / Dept.h (rn) 

ltfUT GllR 
Electro:le 
Spoclrg A C D1 ce 8 

0.5 13£.0EHI 1218.!!030 9e2.0EHI 828.0EHI 86.!JD:l 
1.0 911.0EHI 853.!!030 6?9.0010 621.0010 S7.9000 
2.0 391.0010 368.0010 3i:El.0010 3i:El.0000 22.7000 
4.0 116.0EHI 111.Sltm 103.Sltm 90.Sltm 4.0000 
8.0 28.3:'HI a;.81:E0 19.640:! 22.7030 1.2030 

16.0 10.2SO!J 9.05e0 8.7200 7.H!l"0 0.60:E 
32.0 6.6GE 6.3'103 7.6900 4.451:'0 0.Jeal 

~!1'(j RE9.L 1'3 

Electro:le w.rner .Ch,en..ed orr .... t Laten:Jl 
Spoclrg ~l:,tlult.y &rcr &rcr &rcr 

0.5 2748.89 0.0001 -e.1ff74 0.0278 
1.0 4084.ITT 0.128!11 -e.08!E 0.1~ 
1.5 4cl7.70 
2.0 41£1 .24 0.01'08 0.3:'HI -e.01:'67 
3.0 ~-S0 
4.0 2447.93 0.0EE2 -e.1:rs 0.1854 
6.0 1532.72 
8.0 1eli'l.12 -e.0001 0.1445 0.201111 

12.0 880.85 
16.0 799.22 0.0036 -tl. 1937 -e.2171 
24.0 9136.78 
32.0 1220.45 0.0eE7 -e.5338 0.120e0 
48.0 9eB.37 
64.0 224.ffi 

R.M.S. ~lcrol &rcr • .0017 
R.M.S. orr:oet. w,,.,,,r Diff...........:.e • .2332 
R.M.5. f'ot.Er,llal L...cd::tar Dlffererc.e • .1547 

FIELD QR\.£ D=ITA INl£RPRE1ED MD::L 

El=trode f)::p:r,,nt Ref lect.icn 

~at..ion Resislivit-\:1 Thido-ess ne.=,tn i;tn Coeffls. 

0.5 2748.89 0.10 658.3 
2 1.0 4084.07 
3 1.5 4297.70 0.10 -------- 0.8219 
4 2.0 4eE1 .24 
5 3.0 3:!"70.50 1.38 67.E.6 
G 4,.0 2-M? .9'3 
7 6.0 1532.72 1.48 -------- -0.6.970 
3 8.0 10;;4. 12 
g 12.~I 825.00 3.59 121'E. 7 

11:I 1G.IJ '?9').22 
11 24.0 9;6.78 5.08 -------- -0.3786 
12 32.0 lcal.45 
13 48.0 11:03.00 15.49 542.1 
14 64.0 2310.00 

20.57 -------- 0.13710 

P..M.S. Relat.i,.e,e-n:r = 0.ff'27 
M:Do:inun re]. errc:r • -tl.0422 at. =le 13 7863.2 

f6...nt,e,-- of t..rii:,l~ 1.,~ 3J 

******** 
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NO 69 SW RlA 

Azimuth 130° 
August 1989 

Interpretation 

Geological 
classification 

Alluviwa 

Olaciolacustrine 
deposits 

Caledonian 

UBl0. 

e 
~ 
31 
~ .., 11!00 • 
Ill 

& 
t 
} 

100. 
0.1 

6030 9133 Blackhole 

Overburden 0.2m 
Mineral I 2.4m 
Waste 1J.5m 
Bedrock 

Lithology Resistivity Thickness Depth 
(ohm ml (ml (ml 

--
Soil, sandy 421 0.2 0.2 

Sand, pebbly, dry 2095 0.5 0.7 

Oravel, sandy, dry 5099 0.9 1.6 

Oravel, sandy, vet 1535 1.0 2.6 

Silt, clay and 495 13.5 16.1 
pebbly sand, vet 

Oranite 2358 

~ -.....~ 
11~ 

X 

../ 
i,.> 

,;<. 

1. 10. 101!. 

El=.t.rode Sep:roticn / Depth (m) 

ItflJT ~lR 
Electrode 
Spoclrg A C 01 IE 8 

0.5 425.0000 400.0000 2.82.0000 cn.0000 25.3300 
1.0 315.0000 290.00EE 254.0000 196.4000 25.»'0 
2.0 236.00EE a28.00EE 168.701:0 152.701:0 ?.9200 
4.0 ??.4000 71.9000 ?3.4000 61.3300 5.50:la 
8.0 22.101:E 21 .21'E0 23.ID:E 15.8700 0.9440 

16.0 10.10E0 9.5100 ?.69:E 6.69:l0 0.5970 
32.0 ?.51€1:1 7.081:0 5.44€1:1 4.71:8:l 0.4a:E 
64.0 5.5400 5.170:l 3.9EH!I 3.B0E0 0.3870 

Pl<IXESSll't:i =.1-TS 

£ lect.rcr.le w,,.-e- ~ Off""'l Lot.erol 
Spocirg Re:3i:,t.ivit.t.:, Err-a- &-rcr Ei"rcr 

0.5 8?8.08 -0.00ffi' -0.01?9 0.0345 
1.0 1414.9? -0.0010 -0.29Sl3 -0.09?6 
1.5 1818.48 
2.0 2019.42 0.0W3 -0.0996 0.49'l8 
3.0 1821.9? 
4.0 16'Se.69 0.0000 -0.179? -0.2669 
6.0 1544.511 
8.0 976.91 -0.0E£1' -0.3889 -0.25?5 

12.0 660.15 
16.0 ?22.82 -0.00ffi' -0.1391 -0.045? 
24.0 8?4.43 
32.0 1025.42 0.0005 -0.1333 0.0148 
48.0 12Sll. 15 
64.0 1548.18 -0.0031 -0.€060 0.0000 

R.M.5. ~lcrol Err-a- • .0014 
R .M. 5 . Off ,oet. w,,.-e- 0 i ff ......,.-c., • • 18?2 
R .M. 5 . PotEr,t. la I l..cd:::lar D I ff B'"El"Ce a .2390 

F IEI.D Q.Rs.E CAlR 1N I EJ,HcE IEO l"a:El... 

E I ec t.rcxte "u><>., ,t. Rertect.ia, 

Sepcrat.lon Reslst.lulty lhld<res& cie.:,th Rt-c c.oerrts. 

1 0.5 878.00 0.2'1 421.2 

2 1.0 1414.97 

3 1.5 1818.48 0.24 -------- 0.6£62 

4 2.0 al19.42 
5 3.0 1980.00 0.42 2004.9 

6 4.0 169c.69 
7 6.0 1285.00 0.86 -------- 0.4176 

8 8.0 976.91 
9 12.0 Tc!?.00 0.93 SEBB.9 

10 16.0 722.82 
11 24.0 874.43 1.58 -------- -0.5373 

12 :E.0 133.'12 

13 48.0 1298.15 1.ee 1534.8 
14 64.0 1548.18 

2.1:E -------- -0.5127 

13.53 494.5 

16.13 -------- 0.6533 

2357. 7 
R.M.S. Relat.lue .,..,.-er • 0.0215 
Ml>< im.m re I . errc:r • -0. 0424 at. ...:rip le 5 
i'l.nt8'" or tr io Is w::6 al •••••••• 



"' w 
~ 

NO 69 SW RlB 

Azimuth 070° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Glaciolacustrine 
deposits 

Celedonian 

0.1 

6030 9133 Blackhole 

Overburden 0.2m 
Mineral I 2.0m 
Waste 14.7m 
Bedrock 

Lithology Resistivity Thickness Depth 
(ohm 11) (m) (m) 

--- --
Soil, sandy 436 0.2 0.2 

Sand, pebbly, dcy 1504 0.2 0.4 

Gravel, sandy, dry 5095 0.8 1.2 

Gravel, sandy, wet 1269 1.0 2.2 

Silt, clay and 584 14,7 16,9 
pebbly sand, wet 

Granite 2965 

v-- '-, 
X 

~ ,> 

"' J<' -

,. 10. ,ee. 

E led.rode Sepcrot io, / Depth (m) 

IJ'f'UT CATA 
Electrode 
Spxlrg A C 01 ce B 

0.S 473.EUE 453.€000 344.EUE 241.€000 19. 73:10 
1.0 349.EUE 326.1:HE 2b?.0000 2/i57.0EHI ?2.60a0 
2.0 203.0e£0 188.EDE 170.13011E 136.6010 14.46'!0 
4.0 68.<ll:lEE 63.7000 68.:»ie 50.9000 4.73:10 
8.0 25.3il00 24.4030 18. ?a:l0 17.8100 0.8470 

16.0 10.7000 10.071:'.0 7.271:E 8.5100 0.6250 
32.0 8.49:E 8.0200 4.81:'iE 6.5800 0.4300 
64.0 6.7900 6.'1200 3.680:l S.690:l 0.3710 

PRXESSD'G l<E9i. 1S 

Electrode w,.,-.,- ~ orr:oet. Lat.er-al 
Spxirg l<e,, i st iu i ly Ern:r Ern:r En-er 

0.S 918.SE 0.0'E6 -0.3521 0.1778 
1.0 1489.11 0.0011 -0.2532 0.0003 
1.S 1868.25 
2.0 1931.45 -0.001D -0.2825 0.0851 
3.0 1856.S9 
4.0 1497.91 -0.0004 -0.2919 -0.~ 
6.0 1100.$ 
8.0 918.10 0.0621 -0.0498 0.2808 

12.0 693.39 
16.0 793.19' 0.00ES 0.1572 -0.1185 
24.0 9SE.S8 
32.0 1150.07 0:01:1:E 0.:HJi' -0.0089 
48.0 1S12.61 
64.0 1883.95 -0.0001 0.<1290 0.0e£0 

R. M. S . Cl:ieen..ot. lcro I Ern:r • . 00l!S 
R.M.s. orrset w,.,-.,- o;rr.,........,,., - .2794 
R .M. S . Pol.Ent. ia I l...cd:ler O I ff B"B"CB • • 1 ?S 1 

FIO.O Q..R,.£ o:lll'l 1N I E.M-fd:.. IEO Mr.EL 

Electrode ~ Reflect.icn 
Seporall<n Reslslivlty Thld<ress ~ Rt-o Coeffls. 

0.5 918.SE 0.cE 436.4 
2 1.0 1489.11 
3 1.5 1755.00 0.~ -------- 0.SE02. 
4 2.0 1931.45 
5 3.0 1856.5'9 0.cE 1504.0 
6 4.0 1497.91 
7 6.0 1100.95 0.44 -------- 0.5442 
8 8.0 918.10 
g 12.0 756.00 0.81 S0S5.1 

10 16.0 793.19 
11 24 .. 0 9iE.S8 1.25 -------- -0.6012 
12 3?.0 1150.07 
13 48.0 1512.61 0.98 1269.1 
14 64.0 1883.96 

2.23 -------- -0.3696 

1,4.72 584.1 

16.95 -------- 0.6709 

R.M.S. Relallue, .......-er • 0.03'E 
2965.3 

f"'b:,c im..n, ,...e 1 • errcr • 0.!<n54 al =,pie 7 
l'l.nt:ler of tr ia Is w:as 30 •••••••• 



N 
w 
U1 

NO 69 SW R]A 

Azimuth 075° 
August 1989 

Interpretation 

Geological 
classification 

Alluvial ran 

Till 

Caledonian 

·-· 
e 
£ 
]1 

.3 
._J IID'e. 
Ill ·-·------
& 

1 
uu,. 

8.1 

f-· ~-·--

6128 9173 Mill of Clinter 

Overburden 0.2m 
Mineral I 3.8m 
Waste 7. lm 
Bedrock 

Lithology Resistivity Thickness Depth 
(ohm•) (m) (m) 

--
Soil, silty 337 0.2 0.2 

Cobble, gravel, dry 7479 0.9 1.1 

Sandy gravel, damp 2279 2.9 4.0 

Clay, sandy and 469 7,1 11.1 
gravelly 

Granite, rresh 5376 

·-- -

~ i:--.N 
I'. 

~ 

" v~ 
v ~ 

~ 

1. ,e. ,ee 

Elect.rode Sep:raticri / Depth (m) 

U'AJT ~lR 
Electrodo 
Spx.irg A C 01 c:e 8 

0.5 f:57.0000 622 .0000 °364 .0000 494.0000 33.3000 
1.0 494.i'HE '164.0000 ii!ST7.0000 374.0000 30.46:10 
2.0 335.01?.00 318.0iH!I 218.001?.0 254.01?.00 17 .8'0'! 
4.0 124.~ 116.4000 104.801:E 106.~ 8.2a:l0 
8.0 39.3000 38.0000 31.3000 30.80il0 1.3610 

16.0 19.4'100 18.47110 15.3900 9.aeee 0.9450 
32.0 13.3:UI 12.4100 11.€0:0 6.BS00 0.9c10 
64.0 10.9000 10.4900 9.::600 4.57110 0.<1&10 

PI.D:ESS ll'G l<E9.J.. TS 

Electrode w..-.-.,- ~ Off....t. Later-al 
Spx.irg Re:, ist ivity &-.-or- &To- En-er 

0.5 1347.74 0.E83; 0.:B:E 0.0777 
1.0 2108.01 -0.0008 0.2296 0.0437 
1.5 a;!x;.28 
2.0 29135.66 -i!l.e&s 0.15:5 0.2772 
3.0 2!1?6.91 
4.0 2638.94 0.EB?c 0.0038 -0.1cB; 
6.0 aaa:3.01 
8.0 1SE0.?4 -i!l.0016 -i!l.0161 0.0495 

12.0 1127.45 
16,.0 1as6.19 0.0013 -0.4438 0.1SS9 
24.0 156:3.86 
32.0 1804.53 -0.~1 -0.4646 -0.E:1366 
48.0 2395.51 
64.0 2798.78 0.0006 -i!l.6868 0.001?.0 

R .M. S. °"""'-ot. lcro I &-.-or- • . 001? 
R.M.s. arr-. w..-.-e- o;rr.,..,,...,., - .:EZ7 
R.M.S. Pot.ent.lal Lattr Olffe-Eree • .1:E:3 

F IElD OJ..'.£ CATR JN I DH<t. JED MIEl. 

Elect.rode ~ Reflei,:t.icn 
Sqxrat.lon Reslst.lvlt.y lhlcl<ress ~ Rh:> eoerrt.s. 

1 0.5 1347.74 0.15 337.2 
2 1.0 2108.01 
3 1.5 28'6.28 0.15 -------- 0.9137 
4 2.0 2!:Je;;.66 
5 3.0 2976.91 0.93 7479.4 
6 4.0 2638.94 
7 6.0 23,U.01 1.08 -------- -0.5330 
8 8.0 1560.74 
9 12.0 1175.00 2.94 22713.S 

10 16.0 la:.6.19 
11 24.0 1563.86 4.02 -------- -0.6588 
12 32.0 1804.53 
13 48.0 2395.51 7.13 468.7 
14 64.0 2798.78 

11.15 -------- 0.8396 

R.M.S. Re lat. l<.e errcr = 0.1:037 5375.5 
M::oc lnun r-e I . ern:r • -0 . ee.;0 at. """P le 10 
1'tJ,t,er of trial,.~ 10 •••••••• 



II.) 
w 
O'I 

NO 69 SW R3B 

Azimuth 150° 
August 1989 

Interpretation 

Geological 
classification 

Alluvial fan 

Till 

Caledonian 

6128 9173 Nill of Clinter 

Lithology Resistivity 
(ohm ml 

Soil, silty 335 

Cobble gravel, dry 7828 

Sandy gravel, damp 21111 

Clay, sandy and 1151 
gravelly 

Granite, fresh 5837 

Overburden 
Mineral 1 
Waste 
Bedrock 

Thickness 
(ml 

0.2 

1.0 

3.0 

8.2 

0.2m 
11.0m 
8.2m 

Depth 
(ml 

--
0.2 

1.2 

11.2 

12.11 

,00:cm. F-!---=l=FFR+I I I I I H--1::+-! I l==l=+=l-l=l--1--l-l 

·E 
g 
~ 

JI 
,J 

) 

._) 
Ill 

Ill 

& 

~ 
} 

I I I I 1-4-

t~.---

V rFf L> 
IX 

t',f'. 

.~.- L..L..L..LJ.L4 U(, '' ''' 
0.1 I. 10. , .... 

E lec.t.rc:de Sepcral icn / Depth (rn) 

D'f'I.IT Cl'ITA 
Electrode 
Spa:lrg A C 01 ce . B 

0.5 687.0000 658.0000 475.0000 398.0000 28.SW0 
1.0 <181 .00:E 449.0000 328.0000 334.00:E 32.7000 
2.0 350.Ele03 333.Ele03 2i:E.Ele03 --- 16.S000 
4.0 139.a'm 131.5030 106.3:m 117.1000 7.8900 
8.0 40. 7030 39.2030 33.0000 33.5000 1.458:'l 

16.0 16.1400 15.3300 11.0400 10.67e.0 0.8100 
32.0 13.0.£0 12.2100 8.7000 0.z.m 0.8120 
64.0 9.78120 9. 150':l 6.6200 6.8EE0 0.6540 

=Il'l:l l<E3.J... TS 

E lec:t.ro:i,, w..-.-.,- ~ Off,iel Loterol 
Sp,xirg ~i~tiui~ En-er En-er &-rcr 

0.5 1371.31 0.0001 ~.1764 0.1693 
1.0 ~-73 -e.0015 0.0181 -e.0137 
1.5 27.J;. 77 
2.0 3"11.06 0.0003 0.1818 0.3151 
3.0 3336.21 
4.0 2807.33 0.0015 0.0967 0.0Sl85 
6.0 23SE.71 
8.0 1671.33 0.- 0.0150 0.0486 

12.0 1179.74 
16.0 1091.26 0.00:E -e.0341 0.0246 
24.0 1359.03 
32.0 1715.06 0.e.037 -e.0610 0.ffi18 
48.0 2299.19 
64.0 2698.25 -e.€83 0.0268 0.Ele03 

P. M. S . °"""'"'-ol lcra I En-er • . 0017 
R.M.5. orr-. w.n-.,- OiH.,.....-,ce • .0Sl98 
R.M.5. Pot.Ent..lal l...a::tir Olffera-c.e .• .1432 

F IEU) OJ" . .£ o:lTA lNTERA<ElEO MIEL 

Eler:lro:le ~ Rerlecticn 
Sef:o::ral ion Reslsllvlty lhid<ness. ();ptn Rh:> Coerfls. 

1 0.5 1371.31 0.15 J:E.2 
2 1.0· a:l79.73 
3 1.5 c:!735.77 0.15 -------- 0.9179 
4 2.0 3)41 .F.1-, 

s 3.0 3'!3;.21 0.93 7828.0 
6 4.0 281:17 .33 
7 6.0 23Se.71 1.14 -------- -0.5291 
8 8.0 1671.33 
') 12.0 1179.74 3.03 2410.9 

11;) IG.fl 1m1.26 
11 24.0 1'£9.03 4.17 -------- -0.6850 
12 32.l'l 171S.OO 

13 48.0 c'ZE.19 8.21 450.7 
14 64.0 3:,71'!,.3 

12.3'3 0.8567 

R.M.S. Reiot. io.e a,-cr = 0.0291 5837.1 
f-bx im.n-i re I . er,~ • -0. 0369 at ~ le 
tl..nb,- or lrial:e> w= 3" ......... 



Iv 
w 
-..I 

NO 69 SW R/fA 

Azimuth 035° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Till 

Dalradian 

6180 9273 

Lithology 

Soil, sandy 

Clay, silty, damp 

Clay, sandy, damp 

Metamorphic rock 
(? semipelitel 

? Metamorphic rock 
(? pelitel 

Boghead 

Resistivity 
(ohm •I 

780 

147 

298 

699 

62 

Waste 
Bedrock 

Thickness 
(ml 

0.3 

3,5 

7.0 

26.1 

10.8m 

Depth 
(ml 

0.3 

3.8 

10.8 

36.9 

~ 

·---~~-I 1111111 - I I 1111111 I I 1111111 
e 
~ 
.31 
-~ 
,J 
Ill 

& 

j 
·-· -1=:=d I I I 11111 I I I 111111 I I I 111 bY 

~ I" 
--,. 

Iv 

l;t'J..¥ 

~ 
""'· i I I I I I I I I I I I I I I I I I I I I I I I UJ..j 

"·' ,. ,e. 1011. 

Elect.rcx:le Sepc:ratio, / Depth (m) 

1 
2 
3 
4 
s 
6 
7 
8 
9 

1fj 

11 
12 
13 
14 

Electro:ie 
~irg 

0.S 
1.e 

2"" 
4.0 
8.0 

16.0 
32.0 

IN"VT CATA 

A C 01 02 

1 SS. 80iE 150. 130:E 111. 51:03 100. 2000 
39 .<HiE "P .80E 24. 10120 32. 70iE 

17.480el 

9.68E 
G.aa:E 
4,4601) 

2.460:l 

16.5600 12.13210 
9.0000 7.1100 
6.49il0 4.8800 
4.1~ 3.3'£0 
2.2600 1 .8490 

P!aXESS II'(; RE9..L 1S 

11.99e0 
6.S.W 
4.~ 
3.03210 
1.9140 

B 

4.S.W 
1."P80 
0.9150 
0.6fS0 
0.41£0 
0.29'10 
0.191:E 

E lectro:1e l.JarTer (bsen.e:I Of rset. Lot.era! 

~ lrg Res i ,ot. lu I t.y Errcr Errcr En-or 

0.5 
1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 

12.0 
16.0 
24.0 
32.0 
48.0 
64.0 

332.54 
178.44 
157.74 
151.56 
170.81 

'175.68 
211.41 
237.50 
277.81 -
318.18 
363.72 
378.30 
338.96 
3?6.89 

0.01208 -0.1068 1.0850 
0.0:l06 0.3028 0.2803 

0.01203 -0.0116 0.1441 

0.0016 ~.l'JJ43' -0.0731 

0 . 0007 -0 .1:1,66 0 .0458 

-0. ooa;, -0. 0853 

0.0016 0.0345 

0.0332 

0.0000 

R .t1. S. a::,,,,,,-,..ot lcro I Errcr • . 0010 
R. M. S . D rr ..et. w,.-,,er Di rr .,...,.-ce • . 1294 
R.M.S. Pot.a-tlol L,:xt:e- Dlff.,......-c.e a .4633 

F Ifl.D O..RU:: D'l TA JNIEJ,Hd:. IED Ml:EL 

Elect.rode 
~lion 

0.5 
1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 

12.0 
16.0 
24.0 
:e.0 
48.0 
64.0 

~ 
Reslslivlt.y 

3:E.54 
178.44 
157.74 
151.SS 
162.50 
175.68 
211.41 
23?.50 
277,81 
318.18 
3;3.72 
378.:E 
368.96 
3?6.89 

1h lc.lo-ess 

0.a:i 

3.49 

7.03 

26.14 

DEtoUi 

a.as 

3.76 

10.79 

RhJ 

7i'9.5 

1'16.7 

298.2 

699.3 

36,ge --------

Ref lec:t icr, 
Coeffts. 

-0.6833 

0.3406 

0.'lee1 

-0.8336 

R.M.S. Relat.h.e erro-· = 0.0190 62.2 
11::D< im..m re l . errcr • 0. 0329 ot. :,cnp le 5 
l'l..nb,- 0 f l.r ia I e, W:.. 3" •••••••• 



Iv 
w 
(X) 

e 
g 

NO 69 SW R4D 

Azimuth 130° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Till 

Dalradian 

ll'Bil0. 

J1 
+J 

~ 
+J 1EH}. 

"' ·--· 
"' Q) 

(}'. 

fu 

} 
100. 

0.1 

6180 9273 Boghead 

Waste 12.0m 
Bedrock -

Lithology Resistivity Thickness Depth 
{ohm m) (ml (m) 

--
Soil, sandy 759 0.2 0.2 

Clay, damp 137 2.9 3.1 

Clay, sandy, damp 298 8.9 12.0 

Metamorhic rock 575 

-

I)( 

~ 

~ 
,A(' 

~I"" 
r 1-,X"" 

___.v, ....... 
~ 

~ 

I. ,e. 11'11. 

Electrode Sepcratio, / Depth (m) 

2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Electrode 
~Ing 

0.5 
1.0 
2.0 
4.0 
8.0 

16.0 
32.0 

Elect.rode 
~Ing 

0.5 
1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 

12.0 
16.0 
24.0 
32.0 
48.0 
64.0 

Il'A.JT ~lR 

A C 01 ce B 

; .~ 
11"6.SO:E 100.::BE 82.6000 85.ElE'O'l 5.4700 
33.4000 32.ee:E a;.4000 21.91:H! 1.3810 

18.2:Dil 17 .3'100 13.1900 11.6'1€0' 0.8860 
9.7300 9.1000 7.2:Dil 6.6000 0.6230 
6.7000 6.2800 4.51,'00 4.3200 0.4160 
4.5a'.0 4.2'1€0 3.31B1l 2.!Eee 0.2,W 

2.8300 2.6700 1.9540 2.061:'.E 0.1508 

A,!XESSil'G RE9.L 1S 

1.wrEr C1:Jsen.e::I or rset. Lateral 
&T-cr Re, I ,ot. Iv I ly En-er En-er 

264.84 
151.74 
133.74 
156.01 
172.84 
173.79 
2!i!J7 .'i7i} 

2'.D.48 
278.82 
318.18 
368.85 
403.53 
466.19 
536.71 

.0.0012 0.0403 0.1e;1 
0.0006 -0.1863 0. 1330 

0.l':l0iE -0. 1248 0.21c5 

0.0007 -0.0011 -0.0289 

0.0006 -0.1399 

0.EUE -0.1:E9 

0.01?133 0.e628 

0.0172 

0.0366 

0.0000 

R.M.5. ~lc:rol En-er• .0014' 
R.M.S. orr..et. w....-.,- Diff.......-.:.e - .1 ... ~ 
R. M. 5. Potent. lo I L..a:ti,r D I rre-e-ce • . 1242 

FIELD 0Rs£ D'lTA D'ilERAi!ETED MIEL 

Rer le::t. ion 
Rt-o Coerrt.s. 

Ele::t.rode ~ 
Sepcrot.io, Reslst.lvlty lhlcl<ress Depth 

0.5 264.84 0.22 758.6 
1.0 151.74 
1.5 150.110 0.a! -0.6940 

2.0 156.01 
3.0, 160.03 2.89 137.0 

4.0 173.79 
6.0 207.99 3.12 0.3695 
8.0 233.48 

12.l'J 278.82 8.93 c!iT?.7 

115 .1:1 :.J18.18 
24.011 :?£,8.85 12.es 0.3178 

32.0 403.53 
48.0 <166.19 575.0 

64.0
1 536.71 

R.M.5. Relot.i'-"' error • 0.0156 
M:D< inun re I . ernr = · -0. ee53 ot. sonp le 5 
N..m:le"" a f tr lo 1,. w:e 311 

........... 
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NO 69 SW RSA 

Azimuth 095° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Fluvioglacial 
sand and gravel 

Till/Decomposed 
bedrock 

Caledonian 

e 
g 
~ 

Jl 
) 

.., 
Ill 

& 

i 

11'E00. 

,me . 

101! 

8.1 

6210 9184 Ordie 

Overburden O. lm 
Mineral I ti.5m 
Waste 16.5m 
Bedrock -

Lithology Resistivity Thickness Depth 
(ohm m) (m) (m) 

Soil, humic, dry 890 0.1 0.1 

Cobble gravel, 11179 1.6 1. 7 
sandy, dry 

Cobble gravel, dry 111139 1. 7 3.11 

Gravel, sandy, vet 31169 1.2 11.6 

Clay, sandy and 318 16.5 21.1 
gravelly, wet 

Granite 2693 -

~ - ~ 

\ 

\ 

\ )( 

M 

\ / 

. "' 

,. 10. 180. 

Elect.rode SepcrotiCT1 / Depth (m) 

D'f\JT o:rm 
Electrode 
Spoclrg A C 01 ce B 

0.S 1856.0000 1B06.00l'E 1119.0000 1193.0000 49.::030 
1.0 11El6.3:D3 1084.3:D3 738.0000 9G0.0000 8?.ail00 
2.0 918.0000 877 .0000 569. 0000 708.0000 <10.2000 
4.0 3:6.0000 331.EHE 349. 0000 c!SG. 0000 34.5000 
8.0 93.aiEl:l 90.SEm 72.7000 52.40:13 2.6700 

16.0 10.i3:E0 9. 7l'al 8.401:121 10.1700 0.45'10 
32.0 4.121:E 3. T,ffl 3.33:1'! 3.<0:E 0.3€S0 
64.0 4.0101! 3.9300 2.2800 3.581:E 0.9001! 

PAXE:55 IN:i llE9.J.. TS 

Electraa:, w,,-,,,,.- Ooeen..ed Off....t. Lat.er-al 
Spocirg ~i:lt..ivit.y £rrcr £rrcr Erra-

0.S 3631.68 0.e&,4 0.06<10 0.266!1 
1.0 5334.42 -0.0044 0.261S -0.1329. 
1.S 7341.40 
2.0 79011.80 0.1!8!19 0.2::62 0.2562 
3.0 8128.1S 
4.0 811:6.31 -0.0014 -0.1643 -0.3998 
6.0 7418.SB 
8.0 4149.42 0.0003 0.2386 0.3578 

12.0 1063.99 
16.0 933.43 0.0006 0.1906 -0.3584 
24.0 620.33 
32.0 678.58 -0.W36 0.e05? -0.3675 
48.0 923.69 
64.0 1178.<E -0.1871 0.4437 0.e000 
96.0 1539.71 

128.0 10cE.12 

R.M.S. ~lcral £rrcr • .0862 
R.M.S. Off~ w,.,.._.. Dirr--.:e • .23610 
R.M.S. Pct.ent.lal l.a:lir Olff...-.n:.e a .3175 

F IElD a..R..£ CAffi JN iE.FiHd:. IED MlEI.. 

E lee t.ro:te 
Sepcrat.lon 

1 0.5 
2 1.0 
3 1.5 
4 2.0 
5 3.0 
6 4.0 
7 6.0 
8 8.0 
9 12.0 

10 16.0 
11 24.0 
12 :E.0 
13 48.0 
14 64.0 

~ 
Reslstlvlt\J 

3631.68 
5334.<12 
€910.00 
7960.80 
8128.15 
811:6.31 
6150.00 
4149.<12 
1850.00 
933.43 
Em.00 
678.58 
!E:3.69 

1178.22 

Th100'"856 

0.13 

1.58 

1.67 

1.23 

16.45 

R.M.S. Relat.lue errcr • 0.EE59 
l'1:D< im..m re I . errcr • 0. 0<106 at '"°"P le 2 
N...nber of trials w:,s 8 

~ 

0.13 

1.71 

3.38 

4.61 

21.€6 

Rl-o 

889.8 

11179.3 

14139.3 

3469.0 

318.4 

a393.4 

Reflecticr, 
Coeffts. 

0.8526 

0.1169 

-0.601:E 

-0.8319 

0.788; 
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NO 69SW R5B 

Azimuth 18o0 

August 1989 

Interpretation 

Geological 
classification 

Alluviwn 

Fluvioglacial 
sand and gravel 

Till/Decomposed 
bedrock 

Caledonian 

10000. 

~ 

E 

g 
~ 

J 
) 

.., IIDJ . 
Ill 

Ill w 
~ 

~ 
} 

100. 

0.1 

6210 9184 Ordie 

Overburden O. lm 
Mineral I 3,7m 
Waste 17,9m 
Bedrock 

Lithology Resistivity Thickness Depth 
(ohm m) (m) (m) 

--- --
Soil, hwnic, dry 8o8 0.1 0.1 

Cobble gravel, 12633 1.2 1.3 
sandy, dry 

Cobble gravel, dry 15444 1.5 2.8 

Gravel, sandy, wet 3226 1.0 3.8 

Clay, sandy and 360 17.9 ·21.7 
gravelly, wet 

Granite 2866 

~ -.,/' I's. 
~ 

' ~ 

\ >< 
\ ~ 

\ 

" "" 
' ~_/ 

,. 10. 1~. 

E lec.t.rode Sep::rat io, / Depth, <m) 

IJfUT l):lTR 

Electrooe, 
Spoc: lrg A C 01 ce 8 

0.5 1817.EDE 1733.EDE 973. 0000 1327. EDE 82.'.E00 
1 .0 1151 .EDE 1a;1 .EDE 808.EDE 8'41.EDE 90.0000 
2.0 982.0000 958.0000 553.0000 692.0000 23.7000 
4.0 :J50.EDE 3:0.EDE 2ffi.0000 3<16.EDE 29.<!000 
8.0 68.50:E e;.EHE 76.7000 77.8000 3.5'.l:l0 

16.0 8.6.£0 8.2300 ?.<l<le.0 ?.6000 0,q310 
32.0 4.9E03 4.6700 3.63'0 4.0100 0.31<10 
64.0 3.361:E 3.1100 2.591:E 2.9000 0.2133 

Pl'O:E9S IJ'G RE9J.. 1S 

Electro:le l.b-re- ~ OH:,et. Lat.erol 
Spoc: irg ~i~livily frn:r &nr Errcr 

0.5 3612.83 0.3309 0.::B78 0.2081 
1.0 5100.49 0.EHE 0.0400 -0.1201 
1.5 6891 .03 
2.0 7822.5? 0.IB:!3 0.2233 0.59137 
3.0 7496.54 
q,0 7678.06 0.0017 0.2ffi1 -0.308? 
6.0 ?433.3? 
8.0 3883.01 -0.0004 0.01'1c! -2.1309 

12.0 1i:!43.24 
16.0 756.99 0.0010 0.0213 -0.3133 
2".0 387.85 
'32.0 ';QI.a; -0.0000 0.0996 -0.1910 
qg_0 95<1.S9 
64.0 1103.83 0.0111 0.1129 0.0000 

R. M. 5. °"""'"'-ot. lcro I frn:r • . 0040 
R.M. S. Ofr:,et. l.b-re- Oiff.,..,,,,.. • . 1?31 
R.M.S. Pola,t.lol l.ai:er OIH...-.n::e • .8608 

FIELl) D.R.£ CAlR IN IE.FiAd:. IED MIEL 
,, 

Elec:lnxle ~ Rer I cc.t. ;er, 

SepcnJllon Reslslivity 1h I c:l<ress ~ lh:, c.oerrts. 

1 0.5 3612.83 0.13 807.7 

2 1.0 5180.49 
3 1.5 6891.03 0.13 -------- 0.8798 

4 2.0 7822.57 
5 3.0 8250.eE 1.20 12632.7 

6 4.0 7678.ffi 
7 6.0 5875.00 1.33 -------- 0.1001 

8 8.0 3883.01 

9 12.0 1470.00 1.49 15444.4 

10 16.0 755.99 
11 24.0 610.1:E 2:82 -------- -0.6544 

12 :E.0 768.06 
13 <18.0 9.:;4.59 0.98 3'?26.1 

14 64.0 1103.83 

3.80 -------- -0.7994 

17.87 359.7 

R.M.S. Reloliue .,-rcr • 0.0387 21.b? 0.7770 
t1:D< im.ni re I . ..,-rcr • 0. 0?67 ol. &rip le 2 
N..nber of l:r ials W:6 20 2866.3 
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NO 69 SW R6A 

Azimuth 160° 
August 1989 

Interpretation 

Geological 
classification 

Alluviwa 

Till/Decomposed 
bedrock 

Caledonian 

1om. 

e 
t 
Jl 
,J 

6493 9015 Greendams 

Lithology Resistivity 
(oha •I 

Soil, silty, dry 211 

Sand, pebbly, dry 1495 

Sand, pebbly, damp 1044 

Clay, sandy and 444 
gravelly, vet 

Granite 1267 

Overburden O.lm 
Mineral I 3,7m 
Waste 20.6m 
Bedrock 

Thickness Depth 
(ml (m) 

--
0.1 0.1 

0.3 0.4 

3,4 3,8 

20.6 24.4 

·-H+l---1--+ 

I I I I 1111 I I I I l~+t== I l=t=-l=t:~·-

) 

.J 
~) 

Ill>). -1..... -=1-::1=1-
' -

~) 
Ill 
lt 

~ 
} 

i.-----1 I I I I 11 

n:'11.·· I I I 111 I I I I I I 111 I I I I I I 111 
I 

0.1 1. 10. 100. 

E led.rode Sep:r-ot. icn / D:!pt.h (m) 

D'AJT O'lll'l 

Electro:le 
Spc,:irg C 01 ce B 

0.5 :B:l.0000 :B:;.0000 238.0000 194.70:0 14.1000 

1.0 198.'1000 189.seea 151.7000 118.43:'0 8.81100 

2.0 92.2000 84 .901:1!1 74.2000 09.2000 7.a:El:'I 

4.0 50.70:0 48.11:1:0 :!7.4000 :J;.:Jnl 2.5a:l0 . 

8.0 14.120:! 12.63'0 13.3403 13.08EE 1.4480 

16.0 10.771:E 10. si:,:,i!l 5.3:Ee 8.6810 0.2680 

32.0 3.9700 3. "M:I!! 3.4100 2.7.Dl 0.2680 

64.0 2.881:E 2.7500 1 .70'10 2.1800 0.1300 

~ll'G RE9..L TS 

Elecl,-ode w,-,--.,- ~ Off:>et. Lote,-ol 

Spc,: irg ~i:st.ivit.y &,,-a- &,,-a- En-er 

0.5 679.68 -0.elEJ -0.a:'01 0.1635 

1.0 848.54 0.eeffi -0.2'166 0.2601 

1.5 924.38 
2.0 S01.01 0.0004 -0.0fS7 -0.13i4 

3.0 989.31 
4.0 913.58 0.0016 -e.ffi78 0.39e<I 
6.0 795.51 
8.0 664.01 0.0030 -0.0197 -0.5801 

12.0 681.46 
16.0 704.72 0.0002 0.4708 0.6371 

24.0 581.75 
32.0 617.26 0.eeffi -0.2215 -0.1751 

48.0 79:,.80 
64.0 780.!E 0.0000 0.2451 0.0000 

R. M. S . O:,,,e-,..al. lcra I &,,-a- • . 0012 
R.M.s. orr-. ~ Dirr.,...,.,.,_.. - .2346 
R.M.S. Pour,lial Led:&' Diff.,...,..-c.e • .3854 

FIELD O.R.£ D=ITA lNTElsf'RCTED MIEL 

El~t,"'O'"Jio! ~ Reflect.kn 

Sepe.rot. ion Resislivit.y Thicl<ress D,µh l<t-o Coefft.s. 

11.5 679.68 0.13 211.3 

2 1.0 848.S4 
.) 1.5 ':l_""4 •. 38 0.13 -------- 0.7524 

4 2.~) 9'75.00 
5 J.O 989.31 0.32 1496.4 

G '1.1:J 913.93 
7 6.1';1 755.51 0.45 -------- -0.1777 

8 8.1:J 664.01 
g 12.~) 565.00 3.35 10'14.2 

111 1,, I) 53'.:).00 
11 24.0 581.75 3.80 -------- -0.40]1 

12 32.1) G17.a5 
13 48.0 755.80 20.61 444.3 

14 64.0 780.se 

24.41 -------- 0.4007 

P..M.S. Relr.it i,..e 8'"'f"U""' = 0.IB?2 
ft:r,..,irrunrel. errcr • 0.0'l07 ot. e,,cnple 3 

1a-.oG.8 

r-1.m:,,,- of· trio I:> "°"' ,., ......... 



l\J 
ii:. 
l\J 

NO 69 SW R6B 

Azimuth 100°. 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Till/Decomposed 
bedrock 

Celedonien 

G493 9015 Greendams 

Lithology Resistivity 
(ohm ml 

--
Soil, silty, dry 241 

Send, pebbly, dry 1284 

Send, silty, wet 961 

Clay, sandy end 514 
gravelly, wet 

Granite, decomposed 842 

Overburden O.lm 
Mineral I 6.0m 
Waste 24.lm 
Bedrock 

Thickness Depth 
(ml (ml 

0.1 0.1 

0.2 0.3 

5.8 6.1 

24.1 30.2 

im:>J. I I I I I I I 111 I I I I I 1111 I I I I I 1111 

E 

g 
~ 

Jl 
;.) 

2 
;.) 10~. ~, 
Ill 
QJ I I I I 1' -"<-...., V. ~ V' 

I}'. 

;.) 

ID 

} 
100. 

0.1 1. 10. 100. 

E led.rode Sepcrat icn / Depth (m) 

IN'\JT c:i<rlR 
Electro:le 
~irg A C 01 c:e B 

0.5 316.0000 299.0000 231.0000 a:0.0000 16.9000 
1.0 19;.9000 187.6000 133.J0e0 13:l.80:E 8.21300 
2.0 99.18l0 9'1. 1el':l0 ?4.W:ll!l 70, Bel':l0 5.61300 
4.0 47.~ 44.50:!0 40.4000 32.4000 3.2400 
8.0 21.J0e0 al.2000 17.2500 15.3600 1. 11:1:10 

16.0 7.8800 7.391!0 5.9100 6.5100 0.4890 
32.0 4.151:E 3.8800 3.1100 2.98:E 0.2530 

fqX£55Jl'G RE9.L TS 

Electro:le w-n-.er- ~ OHsel Locerol 
~lrg Rl=l:>llvlly En-a- En-a- En-a-

0.5 677.01 0.EUO -0.14:8 0. 132'7 
1.0 829.69 0.01102 -0.0189 0.2675 
1.5 882.00 
2.0 909.81 0.0004 -0.0442 0.0967 
3.0 97'6.41 
4.0 914.83 -0.0008 -0.2198 -0.0044 
6.0 ~.14 
8.0 819.58 0.W:ll!l -0.115'9 0.1272 

12.0 687.55 
16.0 624.3:l 0.0001 0.0966 -0.1110 
24.0 , 604.92 
32.0 610.cE 0.1:041 -0.0<194 0.W:ll!l 
48.0 643.89 
64.0 liBS.99 

R.M.S. ~lcrol En-a- • .0016 
R.H.s. arr-. w..-r-- Dirr~ - .1174 
R .M. S. Potent. la I L.a:t:a- D I ff era-c.e a • 1'1515 

FIELD ClJ;.\.£ [)=ITA IN1£RPRE1EO r-o:EL 

Ele:clnxle ~ Ref le:cl icn 

SEp:ralicn Reslsllvlt.y 1h i clo'-ess ~ Rl"b Coeffls. 

1 0.5 677.01 0.13 241.4 
2 1.0 829.69 
3 1.5 882.120 0.13 -------- 0.6834 

4 2.0 009.81 
5 3.0 SB'l.00 0.20 1283.8 

15 <1.0 914.83 
7 6.0 885,e)) 0.33 -------- -0.1440 

0 8.0 819.SB 
9 12.") 687.95 5.79 960.7 

11) u;.n 1;.?4.~ 
11 24.1] 004. <;E 6.12 -------- -0.3031 

12 3=.•J 611).22 
13 48,lj 64:3.89 24.08 513.7 

14 64.0 685.99 

'33.20 0.2424 

P.M.S. Rel,~t.ive B'Y'O"'.· c 0.0123 842.4 
M:J>< inun rel. ~ • -0.8?'3; ot ,ocnple 
tl.m:e- of tri,:,ls ~= 7 

8 

•••••••• 
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NO 69 SE RlA 

Azimuth 100° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Olaciolacustrine 
deposits 

Till 

Caledonian 

6553 9193 Castlehill 

Lithology Resistivity 
(ohm 11) 

Soil , ail ty and 516 
sandy, dry 

Sand, gravelly, dry 18o9 

Gravel, sandy 3321 

Silt, clayey and 708 
sandy, wet 

Clay, ail ty and 339 
sandy, vet 

Granite 3737 

Overbunlen O.lm 
Mineral I 1.5m 
Waste 20.5m 
Bedl"Ock -

· Thickness Depth 
(m) (m) 

0.1 0.1 

0.3 0.4 

1.2 1.6 

8.1 9;7 

12.4 22.1 

-

,am. J--1---1 I I 11-111 I I I 1-+-H +I I I l+R=l+l 

e 
g 
~ 

Jl 
..> 
) 

,., ~· 
& 
fu 

J 

.... •.l• 

'-. 

"" 
IM,.+. - -·l3~=t=attl-h---kl-T=t4HJj==i==~~=l=H 

IX 

1--1-1-1--+-l--+-I 11 I 1-1-1-l-l-l-l-~-t-l 

100.i i 
0.1 '· 10. '""· 

E leclrode Sep:rol io-, / Deplh (m) 

IN"IJT D'ITA 
Electrcxle 
Spoclrg A C 01 ce B 

0.5 795.0000 767.0000 499.0000 510.0000 29.0000 
1.0 <!SS.au! 4ai.au! 338.0000 '.E?.0f'HI 28.8000 
2.0 219.0000 209.0000 173.cD:'0 1S8.0e00 10.5al0 
4.0 63.9'Hl 60.90:1:l S8.?0e0 47.BIBl 2.9930 
8.0 18.:E00 1?.24EE 16.a;E'.0 13.09011 1 .11!60 

16.0 8.&le0 8."lc£!0 6 ."lc£!0 6.cD:'0 0.-
32.0 5.9100 5.6400 3.8400 3.9100 0.26';0 

f'IU:ESSIJ'(l RE9.L TS 

Electrcxle WYrer CJ::,sr,n...,ed Ofrset l.aterol 
Spoclrg ~l~lvll.y Ei-r<r Ei-r<r Ei-r<r 

0.5 1584.93 -0.0013 0.0e18 0.3125 
1.0 aEG.33 0.eu:14 -e.0961 0.1256 
1.5 2298.46 
2.0 aH!.99 -0.00e4 -0.0918 0.3104 
3.0 1?1?.89 
4.0 1338.3:! 0.0006 -e.i:94? 0.0205 
6.0 995.86 
8.0 ?3i'.f6 0.0003 -0.2160 -0.0931 

12.0 661.19 
16.0 634.::6 -0.eEHi -e.0349 0.0440 
24.0 6156.20 
32.0 779.11 0.01B:! 0.0181 0.0000 
48.0 10?0.00 
64.0 1419.88 

R.M.S. ~lcnol Ei-ro- - .0011 
R.M.S. arr~~ Oirf........-.:e - .1244 
R .M. 5 . Potent. la I w:o:11!r O If f <re"Ce • • 1919 

FIO.O CI..R..E CATA 1NTERF'RE1ED M:CEL 

E lect.ro:le ~e,nt_ Reflection 
Sepcrot. ion P.esle.t. i•Jit.o.,i Th I c1<res5 Da,pt.r, l<tu eoerrt.e.. 

1 0.5 158<1.93 0.00 515.6 
2 1.0 aEG.33 
3 1.5 2160.00 0.09 -------- 0.SS63 
4 . 2.0 2680.99 
5 3.0 171?.69 0.2? 1808.5 
6 4.0 1338.3? 
7 6.0 995.86 0.37 -------- 0.c9-18 
8 8.0 7.:17.ffi 
9 12.0 6S1 .19 1.24 3320.8 

10 16.0 634.35 
11 24.0 a:s.20 1.61 -------- -0.6484 
12 3?.0 779.11 
13 48.0 1070.08 8.06 708.2 
14 6'1.0 1419.88 

9.68 -------- -0.3o26 

12.41 339.0 

22.09 -------- 0.8336 
R.M.S. Relcst.i•~e errr.r • 0.0179 

.1 , .. bx lm.Jm re l . 11!1-r.-,- • -0. J;_r..E.2 ot er..np le 7 3736.7 
N..nba"' of t,..- io ls uu5 31 .. , ...... 
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NO 69 SB R1B 

Azimuth oc,;0 

August 1989 

Interpretation 

Geological 
classification 

Alluviwa 

Olaciolacustrine 
deposits 

Till 

Caledonian 

10'm. -.-----r--

E 

6 
~ 

6553 9193 Castlehill 

Lithology Resistivity 
(oha •) 

--
Soil, silty, dry 485 

Sand, gravelly, dry 1744 

Gravel, sandy 3667 

Silt, clayey and 744 
sandy, wet 

Clay, silty and 332 
sandy, wet 

Granite 3749 

-~-

... _ 

Overburden O.lm 
Mineral I 1.6m 
Waste 19,8m 
Bedrock 

Thickness Depth 
(m) (m) 

0.1 0.1 

0.3 0.4 

1.3 1. 7 

7,4 9,1 

12.4 21.5 

J1 
) 

., 
Ill 

k 
''""· -+---4-----l-+-+-+H-H----L__IBLl_.)_I I l-..J--L>-U-L1--+1 

Ill 
w 

(Y. 

~ 
} 

.. -•--•-·•--•-•-H-------~-l---4--l .. ),d, 1·-l-A-l-1-+· 1----;1---+-++++H~ '-+-++I~ I I V I I I I I 1--l 

- . ---~=t==!-iiU 11 I I Ll±U.~ 
---1---f--+-H I I 11 I I I I I I I I I I I I I I I I 11 
----+---1 I 111111 I I I 111111 I I I 111111 

---+-I I 111111 I I I 111111 I I I 1111-l--l 

l<Jl. ·-1-------'---~-'-~~~----...L--'--'--.L-'--'-'--'-+----...L..-...L-'~'-'--'-'--'-l 
0.1 ,. 10. 11'1!. 

E Jeclrode Sepcrot. icn / Dept.h (m) 

Il'A.JT D'ITR 
Electrode 
Spcclrg A C 01 ce B 

0.5 718.0000 687.0000 <le;;.0000 <189.0000 3:).3Hl 
1.0 <17S.0000 449.el"JEE 3'19. EEl1EI 331.0El:E 26.0000 
2.0 ci!7.0000 215.EHE 196.:FEJe 162.SW!l 11.8700 
<1.0 73.7e8! 70.91:t'E 61.80e0 56.1€03 2.80e0 
8.0 21.1000 20.1000 16.8800 16.350:l 1.1£80 

16.0 8.cH'E 7.8H!0 6.5500 5.781E 0.<IS'9el 
32.0 6.0100 5."ISm 3.971:E 3.8100 0.2400 

A<OCESSIN'.l l<E9..L 1S 

Electrode Un-er CbsEr\.ed Off....t. Lateral. 
Spcctrg Re,, I ,it.IV I ly Ern:r Ern:r Ern:r 

0.5 1<198. 5<I 0.0010 0.a;eJ 0.1186 
1.0 2136.28 0.IB<0 -e.ffi29 0.1071 
1.5 2407.66 
2.0 2256.29 0.0006 -e.1886 0.1!E<I 
3.0 1981.53 
4.0 1481.58 0.0000 -0.ess? 0.2'?40 
6.0 11B:1.23 
8.0 829.63 -0.0013 -0.0188 0.0810 

12.0 TcE.98 
16.0 619.77 -0.0011 -0.1249 -0.0782 
2<1.0 672.39 
32.0 782.13 0,0033 -e.0411 0.0000 
48.0 1084.60 
6<1.0 1503.61 

R. M. S. O::,oer,..ot, lano I Ern:r • . el:l 15 
R.M.S. orr:.et. w..-r.,- Oiff~ - .097'9 
R. M. 5. Potent. lo 1 u::d:a- 0 I ff ererc.e • . 1284 

F !EU) Q...RI..£ CATR lNIEFif'Rt. lED MXEL 

Eleclrcde ~ Ref leclicn 
Sep:ratlon Resis.llvlty lhldo'-ess ~ Rh:, Coefft:.s. 

1 0.5 1498.54 0.09 485.2 
2 1.0 213'i.28 
3 i'.s 2275.00 0.09 -------- 0.5647 
4 2.0 2256.29 
5 3.0 1981.53 0.27 1743.8 
6 4.0 1481.58 
7 6.0 1080.23 0.36 -------- 0.:E,4 
8 8.0 829.63 
9 12.0 656.00 f.:E 3666.9 

10 16.0 619.77 
11 24.0 672.39 1.68 -------- -0.GG26 
12 :E.0 782.13 
13 48.0 1084.60 7.39 744.2 
14 64.0 1503.61 

9.07 -------- -0.3834 

12.40 331.6 

21.47 -------- 0.83?5 

R.M.S. Relat.lve errr.r • 0.019; 
f"b><inunreJ. erro- • 0.0':138 at. ~le 

3749.2 

N .. nter of t.r iols w:,s 20 .......... 



I\J ,. 
VI 

NO 69 SE R2A 

Azimuth 060° 
August 1989 

Inte.,,retation 

Geological 
classification 

Alluvium 
(Terrace) 

?Olaciolacustrine 
deposits 

Caledonian 

1w.'*I. 

e 
~ 
.:r 
) 

,J UHl. 
If) 

& 

1 
100 

"·' 

6523 9133 Dalbreck 

Overburden O. lm 
Mineral I 2.0m 
Waste 7.6m 
Bedrock -

Lithology Resistivity Thickness Depth 
(oha 11) (m) (m) 

--
Soil, silty 146 0.1 0.1 

Gravel, dry 5885 1.0 1.1 

Cobble, gravel, dry 14492 1.0 2.1 

Silt, sandy and 202 7.6 9.7 
clayey, wet 

Granite, rresh 9408 

/ '" 

/x 
I" 

" 
v' 

>f/" -~ 

,. 10. m. 

Electrode Sepcrot. icn / Dept.h Cm) 

D'fl.lT o:rm 
Electrcxle 
Spcclng A C 01 ce B 

0.5 362.0000 339.0000 291.0000 187.0000 22.0000 1.0 a:JS.l'HE 253.0000 2.IE.0000 195.9000 11.6'100 
2.0 234.0000 2 I 6 .el:D:'l 16'1.9000 131. 70?10 18.4600 
4.0 1~.f.O'E 11x.Eall 133.21'£0 116.10:B 14. 1100 8.0 60.3'11:E 5?.SEE0 4.,.QE0 52.0000 2.8:00 16.0 I 1.5'0'1 10.S:.'00 8.99el:l 8.5800 0.6140 

32.0 8.saee 8.El:00 5.6600 5.5?03 0.5400 64.0 6.9'100 6.481:E 4.7800 4.6S0i!I 0.4580 

PI.O:ESSll"G RE9.L lS 

Electrode w,-....,,... °""""'-eel Off..el Lat.era! 
Spccing Re,,i,.tivil\,j En-er En-er Errcr 

0.5 7S0.84 0.01!E!8 -0.4351 0.0614 
1.0 1124.38 0.0014 -e.cS?G 0.0005 
1.5 1444.28 
2.0 1863.SISJ -0.€0:E -0.2E39 0.0414 
3.0 2700.56 
4.0 3132.80 0.0005 -e.13?2 0.2?85 
6.0 3106.28 
8.0 2452.96 -0.0005 0.1311 0.481J7 

12.0 1:Bl.09 
16.0 883.16 0.00ES -0.0467 -e.1189 
24.0 751 .32 
32.0 1127.96 0.0014 -e.0143 0.01ee 48.0 1540.15 
64.0 1904.06 0.0003 -0.0190 0.i'PR'! 

R.M.5. ~lcral Errcr • .0014 
R.M.S. orr-. ~ Dirr..........,., - .a,;s 
R.M.S. Pouri.lol Ladder Dlff......-.ce • .2191 

FIEl.D a.R.E CATA JNIWIED MIEl.. 

Eleclnxle """"",, ,t. Rerleclion 
Sepcrot.ion Resistivity Thlcl<ress ~ l<t"o Coerrts. 

1 0.5 750.94 0.13 1<15.7 
2 1.0 1124.38 
3 1.5 144<1.28 0.13 -------- 0.9517 
4 2.0 1863.59 
5 3.0 27€0.56 0.98 5884.6 
6 4.0 31:E.80 
7 6.0 31~.28 1. 11 -------- 0.4224 
8 8.0 2452.96 
9 12.0 13:0.09 0.95 14492.1 

10 16.0 883.16 
11 24.0 8?5.00 2.07 -------- -0.9725 
12 :E.0 1127.96 
13 48.0 1540.15 7.67 20:!.0 
14 64.0 1904.EE 

9. 74 -------- 0.9580 

R.M.5. Reloli<.e errcr = 0.0996 9'108.1 
M:D< lm..rn re I . .err<:r • 0 . 1789 ot. "°"P le 4 
l'l.nte- of lr io l:> """" 30 •••••••• 



"' ~ 
O'I 

NO 69 SE R28 

Azimuth 150° 
Auguot 1989 

Interpretation 

Geological 
classification 

AlluviWI 
(Terrace) 

?Glaciolacustrine 
deposits 

Caledonian 

IIHI!. 

E 
-~ 
~ 

JI 
,J 

) 

,J 1000. 
Ill -
Ill 

& 

t 
} 

100. 
e., 

6523 9133 Dalbreck 

Overburden 0.2m 
Mineral I 1.8m 
Waste 9.7m 
Bedrock 

Lithology Resistivity Thickness Depth 
(oha •l (ml (ml 

-
Soil, ailty 193 0.2 0.2 

Gravel, dry 5375 0.5 0,7 

Cobble gravel, 9655 1.3 2.0 
sandy, dry 

Silt, sandy and 287 9,7 11. 7 
clayey, vet 

Granite 6610 

--' 

/ v-- r,~ 

/ I~ 
~ " v 

~ -/ 
' F -

,. 10. ,ee. 

Elect.rode Sepcrot. icr, / Dept.h (m) 

llfUT CJ'lll'l 
Electrode 
~Ing A C 01 02 B 

0.S 333.0000 317.0000 197.6000 2£6.0000 16. 7<100 
1.0 363.1':1:EB 3,13.l':l:EB 272.0000 178.91'B:l S.5330 
2.0 3'!7.0000 300.0000 cE2.0000 108.6000 7.1.00 
4.0 I :£. 7l:'0'l 119.S0f.E 185.0000 49.20'E 16.1';00 
8.0 :E.<E00 ;?? .91'B:l 5'1. 1000 15.09EE 2.3800 

16.0 12.88"3 12.5400 9.0?00 7.6800 0.3470 
32.B 8.3400 7.71:'0'l 5.8100 S.4000 0.6:J'E 
64.0 5.8500 5.3200 4.4900 4.020a 0.5300 

A<IXESSD'G RE9.L TS 

Electrode w,-....,.. °"""'"'-ed Off,oet. Lot..erol 
!:,xc ir-.g ~ist.ivit..y &ro- &ro- Errcr 

0.5 7216.EE -0.0EB:? 0.2914 -0.1214 
1.0 1416.54 -0.0015 -0.4130 0.2139 
1.5 1830.10 
2.0 2328.$ -0.0006 -0.8c78 0.4788 
3.0 2881 .00 
4.0 2943.04 0.0002 -1. 1597 -0.43:1:! 
6.0 3198.82 
8.0 1738.93 -0.0eB5 -1 .1ci'6 -1.3038 

12.0 579.82 
16.0 841 _g,; -0.001!i -0.1890 0.24c5 
24.0 747.96 
32.0 11a;.95 0.0012 -0.0731 -0.EESE; 
48.0 1572.:E 
64.0 1711.04 0.0000 -0.1105 0.0000 

R.M.S. Cl:eer,..ot.lcrol Errcr • .0014 
R.M.S. orr..et. W,,,,- Oiffenn:e • .6710 
R.M.S. Pot.entlol .___ Olff9"8"CB • .5649 

FIELD a..R..E CATA JN IEJ,iH,!£ IEO r-a:£l.. 

Elect.rode ~ Reflection 
Sepcrat.lon Res 1st. iv I t.y lhido-es& ~ i.tn Coeffts. 

1 0.5 ?ai.66 0.15 193.2 

2 1.0 1416.54 

3 1.5 1830.10 0.15 -------- 0.9:Di 
4 2.0 2328.56 
5 3.0 2881.00 0.$ 53'5.0 

6 4.0 2943.04 
7 6.0 2400.00 0.70 -------- 0.2848 · 
8 8.0 1738.93 
g 12.0 10:5.00 1.30 9666.1 

10 16.0 841.96 
11 24.0 875.00 1.93 -------- -0.9423 
12 32.0 11i35.96 
13 48.0 1572.::E 9.73 287.1 
14 64.0 1711.04 

11.72 -------- 0.9168 

R.M.S. Relollue errcr = 0.0471 61610.3 
M»< lm..m re I . err,:r • 0. 0924 at. e,a,p le 
l'l.nb:r or tr ialei ....ce 8 •••••••• 

-i' 



N 
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...J 

NO 69 SB RIIA 

Azimuth 045° 
August 1989 

Interpretation 

Ceological 
classtrication 

Fluvioglacial 
sand and gravel 

Till 

,moo 

e 
g 
~ 

.f 

.3 .., IEHI 
,n 
·~ -
& 
t 
} 

'"" e.1 

6646 9151 lluiryhaugh 

Lithology Resistivity 
(ohll •) 

Soil, silty 321 

Oravel, sandy, dry 6439 

Cobble gravel, dry 113119 

Oravel, sandy, damp 3798 

Clay, gravelly and 680 
sandy 

,/0 

/ 

>< .,,, 

1. 

Overburden O.lm 
Mineral I 8.8m 
Waate 

Thickness Depth 
(m) (m) 

--
0.1 0.1 

1.4 1.5 

5.7 7.2 

l. 7 8.9 

K.. 

~ 
\ 

\ 
\ 
\ 

" 

10. 

E lect.rcx:le Sepcrot. io, / Depth (m) 

X 

100. 

2 
3 
4 
5 
6 
? 
8 
g 

10 
11 
12 
13 
14 

Electrode 
Spoclrg A C 

IH'\JT CA'TR 

01 CE B 

0.5 TcE.eel:0 683.0000 443.0000 494.0:ll:0 36.91:E0 
1.0 611.0000 582.0000 <lc!0.0000 390.0000 31.00:10 
2.0 -·- <163 .120?0 341.0000 3'<>.0000 24.aEI:! 

4.0 334.0000 278.0000 266.0000 188.7000. 25.4000 
8.0 1$.4000 145.3000 1:6.<&E 114.9000 10.08'10 

16.0 49.9000 48. 11:1!!0 43. 11:1!!0 40.5000 1.8140 

32.0 7.9<100 7.6'91:E 7.41:1!!0 S.9800 0.2400 

64.0 2.63?0 2.42110 1.9820 1.7880 0.1950 

PIU:E:SS!tG 1£9.1... 1S 

Electrode w,,.-.,- ~ orr,,..t. Late-al 
Spocirg Re:!i i~t. iv it...y UT'O" E'rrcr UT'O" 

0.5 1471.84 0.1:1!!01 0.1089 0.029? 

1.0 2544.69 -0.0033 -0.0741 0.045'9 
1.5 3372. 16 
2.0 '0x.EE 0.0016 -0.114? 0.11!17 

3.0 50,E.'I,' 

4.0 5713.93 0.0EE0 -0.3'100 -0.0931 
6.0 El689.91 
8:0 6250.?3 0.1:1!!01 -0.1638 -0.01?? 

12.0 5136.!E 
16.0 ,aE.19 -0.0203 -0.06,?2 0.440? 

24.0 2'109.44 
32.0 13'15.10 0.0001 -0.2123 0.0393 
48.0 816.64 
64.0 745.94 0.01!67 -0.07a2 0.0000 
96.0 87c!.18 

128.0 919.93 

R.M.S. ~lcral &T,:r • .EE25 
R.M.S. orr...t. w,,,,- DiH.,........-ce • .1685 

R.M.S. Pot.enllol La:t:u- Dlff<re'W:B • .1781 

FI8.D ~ CATA lNIWIED MIEL 

Elect.rode ~ 
Reflect.icn 

Sepcrot.lon f;!es lstlu I t.y lhld<ree5 Cept.h la-a Coerrts. 

0.5 1471.84 0.12 320.8 

1.0 2544.69 
1.5 :D72.16 0.12 -------- 0.9BS1 

2.0 4052.66 
3.0 5056.'J'? 1.39 6438.? 

'1.0 5713.93 
6.0 6689.91 1.51 -------- 0.2761 

8.0 6290.?3 
12.0 se'i0.00 5.70 11~.1 

16.0 '1202.19 
24.0 2409.44 7.21 -------- -0.'1985 

32.0 13'15.10 
'18.0 816.64 1.64 '37'ill.9 

64.0 ?45.94 

8.85 -e.6'963 

R.M.S. Relotl...e e-rcr ~ 0.1'£'06 680.0 
t1:D< lm.m re I . errcr • -0. 036? at. ""'"'P le 11 
tt..nber or t..-iol:, w:e 30 ......... 
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0) 

No69 SE R4B 

Azimuth 070° 
August 1989 

Interpretation 

Geological 
classification 

Fluvioglaciel 
sand and gravel 

Till 

10B'l 

E 

t 
~ 

.31 
) 

tl 1008. 

Ill 

& 

fu 

} 
100. 

0.1 

6646 9151 lluiryhaugh 

Lithology Resistivity 
(ohll •) 

Soil, silty 309 

Gravel, sandy, dry 6806 

Cobble gravel, dry .11416 

Gravel, sandy, damp 3786 

Clay, gravelly and 599 
sandy 

_, ~ 

./ 

y/ 
/ 

~ 

,. 

Overburden O.lm 
Mineral I 8.5m 
Waste 

Thickness Depth 
(m) (m) 

--
0.1 0.1 

1.4 1.5 

5,5 1.0 

1.6 8.6 

x 
'\, 

\ 

\ 
\ 

' '-0 " 

10. 

Electrode Sepcraticn / Depth (m) 

11'11. 

IJf'l.lT ~lR 

Electrode 
Spcc.lrg A C 01 ce B 

0.5 721.EEEE 690.EEEE 419.EEEE 496.EEEE 31,9:Ee 

1.0 574.EEEE 538.aaee 3!E.00e0 384.00e0 3:;.1EE0 

2.0 476.l:IE8 451.1:B!E 3:S.ffi00 ::06.01:'.00 24,BliE0 

4.0 316.EEEE 294.EEEE 234.EEEE 222.EEEE 22.6000 
8.0 1S8.1EE0 148.0:m 116.41B:! 13:;.2"EB 10.1400 

16.0 46.1EE0 44.::E00 46,c£100 36,6000 1.7910 

32.0 6.3330 6.0900 6.1~ 5,61:£0 0.23?0 

64.0 2.7B00 2.ElE&I 1 .81680 1.9510 0.1695 

PRX:E:9Sll'G lt9..L 1S 

Electrode w,.-.,,,,.- ~ orr~t L,:,t.e,.-,:,1 

~irg ~i~tivit..y Error Error Error 

0.5 14:J? .28 -0.ee?l? 0,1683 0.0986 

1.0 243?.88 -0.e.m2 -0.El:£6 -0.0247 

1.5 3'.:68.59 
2.0 3964.69 0.eo;,4 -0.00<E 0.0947 

3.0 450'),52 
4.0 5730.27 -0.0019 -0.i,:;26 0.0204 

6.0 9594.46 
8.0 6348.53 -0,0003 0.1S68 0.0237 

12.0 5384.a, 
16.0 4161.98 0.01!6,! -0.2319 -0.0061 

24,0 23!!6.l:6 
32.0 1182.24 0.00BS -0.0'?<18 -0.3800 

48.0 70i.SE! 
64.0 767.86 0,012138 0.0435 0.00e0 

R.M.S. Ch,,en...alic:rol &n:r • .0015 

R, M. S. D rr :,et. W,,,,.,,- D i ff ...-en:e • . 12:E 

R.M.S. Pole,t,iol La:ttr Olff.........-ce a .156? 

F lEl..O (1.R,.£ CATA JNIEJ.iff(£1EO M:tE... 

Elect.rode ~ 
Reflect.ion 

~ion Res lst.iult:.y lhtcwess ~ Rt-o Coeffts. 

0.5 1437.28 0.12 ::08.8 

2 1.0 2437.88 

3 1.5 ~.S'9 0.12 -------- 0.9132 

4 2.0 X\S<l.69 
5 3.0 49ffi.52 1.:E 6806.3 

6 4.0 57.E.c? 
7 6.0 EE94.46 1.47 -------- 0.i:530 

8 8.0 6348.5'3 
9 12.0 5384.20 5.51 11416.0 

10 16.0 4161.98 

11 24.0 2:3:!6.ES 6.98 -------- -0.5019 

12 32.0 1182.24 

13 48.0 70:5.92 1.63 3786.2 

14 64.0 767.86 

8.61 -0. 7a;G 

R.M.S. Reloth.e B'T'IT = 0.fE91 

M:D< lrrun re I . e-rcr • -0 . E'8:l3 at e,i:np le 11 5199.4 

l'l.nt:Jer or t.- ia I e, w:ie 16 
******** 



"' ~ 
ID 

No69 SB R5,\ 

Azimuth 040° 
August 1989 

Inte111retation 

Oeologlcsl 
classtrlcatlon 

AlluviWI 

Fluvioglacial 
sand and gravel 

Olaciolacustrine 
deposits 

Caledonian 

6735 9202 Strachan Bridge 

Lithology Resistivity 
(ohll •I 

Soil, silty 292 

Gravel, sandy, dry 3633 

Sand, gravelly, wet 1558 

Silt and clay, 11f9 
sandy, wet 

Granite 2313 

Overburden O.lm 
Mineral I 11.7m 
Waste 12.2m 
Bedrock ' 

Thickness Depth 
(ml (ml 

0.1 0.1 

2.7 2.8 

9.0 11.8 

12.2 2ri.o 

1
_-.

1.-.--,--,--=I I I 1111 I I I I I 1111 I I I I I 1111 

E 
g 
JI ., 
) 

., 
Ill 

& 
~ 

i 

--!-·-·· I · -1-t-H-t+L.>:1 I I I 

IA)), ,~t---·t--

H--L 111 I I I I 11111 

-Hll:JJJ :j _J 
- - . 

*H~Et~ ----·• -··· • ·-·• ··-1-+-1-1 11 ·t-t--1-1-1-1-
f--1-·+ I I I I l I ~--+f P, I I 

100. -i---._,_..._...._.L..J.. ...... -t---.1,_--1_uu..uL4 __ _1_...1.._1_-1.J_U1J 

"·' 
,. 10. 100. 

Elec:lrode Sepcrolio, / Deplh Cm) 

~o:111'1 

Electrocie 
Spcclrg A C 01 c:e B 

0.5 S73.0000 539.E!lm 336.0000 415.0000 33.0000 

1.0 403.0000 3?6.0000 2ll6.0000 2?9.0000 27 .9030 

2.0 c:77.0000 26:!.0000 ,178.~ 22!:!.0000 14.8800 

4.0 132.0000 127 .3'11:l 86.81:6! 118.2e03 4.69:!0 

8.0 49.9030 48.9030 31.a:'03 44.60EE 1.0110 

16.0 13.53110 13.1~ 7.5'100 12.G?el:l 0.3720 

32.0 3.6'.E0 3.4200 2.5200 2.S700 0.20CB 

64.0 2.8cE0 2.e;m 2.ffi'EE 1.6100 0.1720 

FQXESSir-G IE9..L -i,; 

Electraz w,,-.-.,- ~ Dff,oet. Lot.erol 

Spcci~ ~i~t..iuit.y Error- Error- En-0'" 

0.5 1179.67 0.0017 0.2104 0.0804 

1.0 1715.00 -0.00:?2 -0.0i:!48 -0.03'18 

1.5 2225.S? 
2.0 2514.53 0."104 0.2189 0.1045 

3.0 2£llf7. 16 
4.0 2576.11 0.e,;E1 0.::ES:3 0.1545 

6.0 2262.21 
8.0 1906.06 -0.Elll:!2 0.3636 0.5880 

12.0 1532.33 
16.0 1015.87 0.0006 0.5077 0.61980 

24.0 857.46 
32.0 511.70 0.0011 0.0196 -0.0234 

48.0 611.18 
64.0 739.91 -0.001:77 -0.2500 0.0000 

96.0 1022.33 
128.0 1301 ."37 

R.M.S. ~lcral &,-,er • .0011 

R. M. S. 0 rr....t. w,y,,,- D i rr .,.,..-.:e • .2811 

R.M.S. F'ota,t.lol Lcd::IEr Difference • .2638 

F !ELD URI.£ CATA lNlElsf'RElED MX:£L 

Elect.rode "wa·...-.t. Reflect. icr, 

Sepcrat.ion Res lst. lvlt,,,i 1hldo--e56 ~ l<h:) Coeffte.. 

1 0.S 1179.67 0.13 291.7 

2 1.0 1-ns.00 

3 1.5 2225.57 0.13 -------- 0.8513 

4 2.0 2514.53 

5 3.0 2f£fi'. 16 2.70 3632.8 

6 4.0 2576.11 

7 6.0 2352.21 2.83 -------- -0.:m-? 

8 8.0 1~.e6 

9 12.0 1410.00 8.SG 1SS7.9 

10 16.0 1015.87 

11 24.0 f.ffi.00 11.78 -------- -0.&.."'59 

12 32,0 511.70 

13 48.0 611.18 12.20 148.5 

14 6'1.0 739.91 

23.98 -------- 0.8793 · 

R.M.S. Relali...e en-er = 0.0159 

~ inun .-el . .,.-.-,:,,· • ·0.IE40 at. 

l'l..,rt:,e- or t.,-i~,,,. w:e 21:l 
:,cnple 10 

2312.9 

•••••••• 



"" u, 
0 

NO 69SE R5B 

Azimuth 110° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Fluvioglacial 
sand and gravel 

Olaciolacustrine 
deposits 

Caledonian 

6735 9202 Strachan Bridge 

Lithology Resistivity 
(ohm •) 

Soil, silty 290 

Oravel, sandy, dry 4670 

Sand, wet 910 

Silt and clay, 175 
sandy, wet 

Oranite 1875 

Overburden 
Mineral I 
Waste 
Bedrock 

Thickness 
(m) 

O.lm 
13.2m 
11.5m 

Depth 
(m) 

-
0.1 0.1 

2.3 2.4 

10.9 13.3 

11.5 24.8 

•0Dl. t===-r=-1 I I I 1111 I I I 1+1111 I I I I I 1111 

~ 

E 

~ 
~ 

JI ..., 
) 

,J 
~) 

~) 

& 
,J 

~ 

l 

~ "'"' 
[\f' 

·~~~ 
---1-·-i I 111111 I I I 111111 I I I 111111 

· ····--•···-·+·-!- I I I I I I I I I I I I I I I I I I I I I I I I 

'"'· -1---~-~-~~~~-'-1---~-~-~~~~-'-t---~-~~~~~~.., 
"·' ,. 10. , .... 

E lect.nxle Sepcrot. icn / Dept.h (m) 

Il'AJT a:llR 
Electrode 
Spa:lrg A C 01 c:e B 

0.5 575.0000 546.0000 363.0000 370,0000 28.8000 
1.0 456.02100 429.02100 3:11.0000 313.0000 a;.5030 
2.0 288.0000 270.0000 208.0000 213.0000 18.cB110 
4.0 131.S€E0 124.8000 101.9000 104.60:E 6.?000 
8.0 :E.8000 34.- 29.-1000 31. 70:!0 1.56,!0 

16.0 9.IB'.0 9.sa:E 6.5'l00 8.17e0 0. ::Jc:B, 

32.0 4.21:H! 4.020:l 2.521:E 2.9100 0.1758 
64.0 2.61:H! 2.3500 1 . °73'l0 1.850:l 0.2083 

Pl<IXESSir'G RE9.L lS 

Electrode w,,,.-.,.- ~ orr,,.,t. Lat.erol 
Spa:irg Ries i st.iv i t.y Error Errcr Errcr 

0.5 1151.39 0.WD 0.0191 0.0850 
1.0 1!le8.94 0.0011 0.0391 0.0807 
1.5 2417.07 
2.0 2645.22 -0.0007 0.ee:JB 0.0754 
3.0 2800.18 
4.0 25'94.96 0.0000 0.!Bx 0.2e64 
6.0 

__ ?? 

8.0 1535.61 0.€011 0.0753 -0.0013 
12.0 1041.66 
16.0· 7.39.41 0.€004 0.2216 0.29111 
24.0 572.76 
32.0 545.88 0.0010 0.1436 0.2294 
48.0 634.:E. 
64.0 720.61 0.0008 0.0647 0.00€0 
96.0 !El .13 

128.0 963.36 

P.H.S. ~lcrol Errcr • .0008 
R.H. s. orr,iet. w,,,.-.,.- o Irr.,...,...._., - . 1017 
P .H. S . Pourot. la L La::I::&- D I ff .......-.:e • . 1703 

FIELD a.RU:: C'Al>'I INTERPRE1ED MIEL 

Elect.n:xle ~-ent. Reflecticn 
Sepcn::,t Ion Resistivity 1h I cl<rese. °""'t.h Rh:, Coeffts. 

0.5 1151.?B 0.13 200.0 
2 1.0 15ea.94 
3 1.5 2417.07 0.13 -------- 0.8831 
4 2.0 2645.22 
5 3.0 28\00. 18 2.30 4670.0 
6 4.0 ~-S6 
7 6.0 al88.77 2.43 -------- -0.6738 
8 8.0 15'.E.61 
g 12.0 1"'11 .65 10.87 910.0 

10 16.0 739.41 
11 24.0 572.76 13.30 -------- -0.6774 
12 :E.0 545.88 
13 48.0 634.35 11.45 175.0 
14 64.0 720.61 

2<1.75 -------- 0.8293 

R.M.S. Relative B'T"cr = 0.Ee19 
l"'t:z<inumrel. errcr • 0.04$ at. ...:nple 

1875.0 

l'orber of trio 1,, c..os 0 
····$··· 



I\) 
u, 
lo-' 

NO 69SB R6A 

Azimuth 050° 
August 1989 

Interpretation 

Geological 
classification 

Alluvi1111 

Olaciolacustrine 
deposits 

Till 

Caledonian 

6965 9104 

Lithology 

Soil, sandy 

Sand 

Silt, damp 

Clay, sandy, wet 

Granite 

Bum of Curran 

Resistivity 
(oha a) 

730 

1918 

513 

190 

2478 

Overburden 
Mineral 1 
Waste 
Bedrock 

Thickness 
(•) 

0.1 

1.1 

5.5 

5.1 

O.la 
1.111 

10.611 

Depth 
<•> 

0.1 

1.2 

6.7 

11.8 

.. TH,. ··=.:~···-· · 1=:=r =Fr=E1=1:t=F-==-H=tt=l=filF_F ___ I_B=f.::F.:'-
·---•-·-! I I I t-t I I I I I H-H I I I H-

E 

~ ---~-•-·I I I I 1-t I I I I 1-H-I I I I I 

Jl 
-f I I I I I 1-1 I I I I I I-H-1 I I 1-1-+·t-

.., 
) .. 
II) 

Ill 
tlJ 

LY. 
., 
~ 

rrn:,. --1 -·--··--t-·+··-1-1--<-1Bm1t~m1r"· ~~10--L =-==-~-5-··tH 
,--·•-• I I 11111 I I I I H-HI I I l-++-1--1-1-1 

J ------•--•- I I I I H-1 I I I I 1+111 I I I-

100, • '-'-f LI-I I I I I I L~ 

"·' ,. 10. '""· 
E led.ro:te Sepc..-al ir::n / Deplh (m) 

JN'UT CJ'lffi 
F.lectro~ 
s..,cc lrg A C 01 ce 8 

0.5 672.0000 633.0000 456.0000 433.0000 37. 7000 
1.0 337.l'DiE 321.0200 221.0000 2£,6.0000 16.4800 
2.0 122.51:m 117.4000 81.90e0 100.2000 5.0800 
4.0 3:l.4000 28.8000 24.50,E 25.6000 1.6610 
8.0 13. 1a:l0 12.571:E 8.450:1 10.02EE 0.5410 

1t.i.0 7.7100 7.291?0 5. 1900 5.251::0 0.4170 
32.0 6.3:.'eJ:! 5.SG'E 4.23e0 3.98:E 0.34fe 
64.0 5.4000 5.070il 3.56011 3.4800 0.:Ja:E 

PRX:ES'SU-«:i RE9.J.. lS 

Ele,:troce l.l,rrer ~ Off....t. Lot.era! 

~irg ~i~t.ivit..y En-er En-er En-er 

0.5 1:EG.44 0.0019 -i!l.£617 0.2766 
1.0 1529.96 -e.0014 0.1848 0.3487 
1.5 13?6.08 
2.0 11'44. 17 0.0002 0.2010 0.5523 
3.0 8?9.56 
4.0 ~.58 -e.€8:0 0.0439 -0.0971 
6.0 517.29 
8.0 464.20 0.EE07 0.1700 0.13517 

12.0 460.63 
16.e 524.77' 0.0004 0.0115 0.0046 
24.0 684.37 
32.0 825.35 0.eee2 -e.0809 0.8:!89 
48.0 1128.S0 
64.0 1415.48 0.01:E? -e.eec? 0.0000 

R.M.5. ~lcrol Ern:r • .0014 
R.M.5. orr-. 1,..........,.. Diff.........:e • .1185 
R.M.5. Pot..ent.lal Lai:ler DlffErEree • .2?59 

FIELD O.P.E o~rn D'ilEFA<.'ElEO r·a:o_ 

E lect.rcr.Je ~-.::re-it. Reflect. io, 

~t.ion Res i:st. I,, I ty lhld<res& ()spU, f..h:, Coefft.s. 

0.5 1393.44 0.14 Tr:.9.8 
2 1.0 1529.9G 
3 1.5 1376.1:}8 0.14 -------- 0.4487 
4 2.r:l 11-14.17 
5 3.0 87'3.S6 1.08 1918.0 
6 4.P.I 629.58 
7 6.0 524.68 1 .2.2 -------- -0.Si'81 
8 8.0 483.93 
9 12.P.I •l','SAJ 5.54 S12.7 

10 16.0 524.77 
11 2-1.0 G84.J7 6.76 -------- -0.4599 
12 :e.P.I Sc.5. J6 
13 48.1:l 1128.50 s.e,; 189.7. 
14 6'1.0 1415.48 

11.81 0.857i3 

R.M.S. RP.lol.i•~~ s:,·n:,· 0.0186 
11.J>o im.rn re!. er,·,:,- • 0.0421 ot. ~le 7 

2"177.8 

tl.rrt:,,,· of t.r io I~ "= · :~ ......... 



r-., 
U'I 
r-., 

NO 69SB R68 

Azimuth 140° 
August 1989 

Interpretation 

Geological 
clessirtcstion 

Alluviwi 

Glaciolacustrine 
deposits 

Till 

Caledonian 

6965 9104 

Lithology 

Soil, sandy 

Sand 

Silt 

Clay, sandy, wet 

Granite 

Bum of Curran 

Resistivity 
(ohlll •l 

758 

1489 

761 

164 

2949 

Overburden 
Mineral I 
Waste 
Bedrock 

Thickness 
(•) 

0.1 

0.9 

4.1 

5.3 

0.1. 
0.9• 
9.5. 

Depth 
(•) 

0.1 

1.0 

5.2 

10.5 

llu:.,. r=~=:~•:<;. ~-+-+-1+1 I I I I I I I I I I I I I I I 1-t+ti 
r--·- -- . , __ _ 

~ 

E 

5 
J1 ..., 
) 

.._J 10'10. 
Ill 

& 
t 
} 

1C'J). 

·-----i·--

"·' 

I>< 
f' 

-------~ l) 

/ 
V' 

'f"s: ~ 
t-,"C 

1. 10. ''"'· 
E led.rode Sepcrol io, / Deplh (rn) 

l1fUT CW'lTR 
Electrcxle 
S,XC!rg A C 01 c:e B 

0.5 569.EUE 526.eff0 352.EUE 4:E.EU0 42.S0'l0 1.0 a<i9.EHE 256.0:Ea 203.EHE a:t4.EHE 13.6200 2.0 110.1€£0 105.'1€£0 74.EBl0 87.81:£10 4.7600 4.0 37.5€£0 3'.70:1:l 24. 70:1:l 34.9000 1.8530 8.0 13.8100 13.271:E 8.9400 10.45011 0.5390 16.0 8.aE:l 7.980"1 4.7?00 5.~ 0.i:!!!00 32.0 6.2820 5.9<100 3.4100 4.9,ffl 0.3200 64.0 5.59:1:1 5.1900 3.531!0 3.9:00 0.3793 
PR!XESSIN::i lt9.J.. lS 

Electrode L.J,-re- ~ Off=t. LClt.er'ol 
~irg ~i~tivit.y Errcr Errcr Errcr 

0.5 1244.07 0.euE 0.1717 0.1390 
1.0 1278.63 -i:l.€1£3 0.0049 0.1429 
1.5 leG;.48 
2.0 1ee,.39 -i:l.€£05 0.16a5 0.3111 
3.0 8?9.41 
4.0 748.96 -i:l.0014 0.3<123 0.1000 
6.0 634.87 
8.0 487.32 0.€£01 0.1558 0.1671 

12.0 468.59 
16.0 538.85 0.0013 0.2a31 0.1341 
24.0 678.Gr 
32.0 832.40 0.0032 0.:Jx!? -i:l.0149 
48.0 1196.21 
64.0 1499.se 0.11038 0.1072 0.001:E 

R.M.5. ~lcrol Error • .E1£1 
R.M.S. arr-. w.n--- Dirr~ • .2184 
R.M.S. Pot..nt.iol L.a±e- Dlff8"8'"CS a .1664 

FIELD CLl<V: Cf'lTA 1NTEFiff£1ED r-a:£L. 
E lectr-o:J.., ~-,t. Reflect.icn 

Sepc,,·,)t l,_:,,·, P.,c,sist i•Jil.y 1h1c1<ress ~u, J;t-.:, Coeffts. 
1 8.S 1244.07 0.12 758.1 
2 1.U 1278.GJ 
3 1.5 1135.00 0.12 -------- 0.3251 
4 2.8 10.::'0. :::,-g 
5 3.(1 879.41 0.50 1488.6 
6 4.0 748.93 
7 6.0 590.00 1.Ee -------- ~.3233 
8 8.0 487.32 
9 12.0 468.59 4.14 761 .2 

10 16.El 538.85 
11 24.0 678.61 5.16 -------- -0.6459 
12 3=.0 8'.E.40 
13 '18.8 IISG.21 5.35 163.8 
14 64.0 1499.!E 

10.52 0.89'18 
R.M.S. R-elot.i•...-, .,,.,..;. = 0.l:E23 
n,. inun re I . r,-ro-· • 0 .13419 at Y-np le 12 2948.9 
NJrt:er or t.r k, l ~ t.o.t::e 3'J .... ., .... 
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NO 77 NW RIA 

Azimuth 105° 
August 1989 

Interpretation 

Geological 
classirication 

?Flow-till 

Old Red Sandstone 

100. 

7402 7676 

Lithology 

Soil, Silty and 
pebbly, dry 

Clay, gravelly 

Siltstone, clayey 

Mudstone 

Siltstone 

~ 

Brownmuir 

Resistivity 
(ohm •) 

236 

514 

52 

37 

73 

~ 

~ 
:\ 

I\ 

Waste 2.2m 
Bedrock 

Thickness Depth 
(m) (m) 

--
0.1 0.1 

2.1 2.2 

6.9 9.1 

6,7 15.8 

t I I I I I I 111 I I FFT-+tl I I I I I l-1-~ 

-1-1 1 1 1 1 11 I I i 1 t ntt+.;x-i-+<t:ttL 
I I I I I I 111 I I I I j j 111 ~-1-H-<··•-

I I I I I I I 111 I I I I I I 111 I 1-1-t-1-

10, -
0.1 1. 10. , .... 

Electrode Sepcratic:n / Dept.h (m) 

Ufl.JT Cf'llR 

Electrcde 
Sp:cing A C 01 ce B 

0.5 212.l'.0'E 204.00?0 133.<e!E 159.80:E 7.7600 

1.0 96.~ 91 .3'021 82.fiU! GG.60iE 5.0200 

2.0 35.5:Ul 35 .3'1.0 30.IB:0 32.301!0 1.5330 

4.0 8.5100 8.2400 8.2100 6.8400 0.2700 

8.0 1.~ 1.5400 , .2833 1.2940 0.0828 

16.0 0.7140 0.6680 0.5200 0.5240 0.~ 

32.0 0.3930 0.~ 0.2810 0.2890 0.0253 

64.0 0.2430 0.2260 0.1730 0.1720 0.01S0 

Pl<IXE9S D'(i l<E9..L.1S 

Eled.r~ w,,-r.,- ~ orr,,.,t. Lat.en,! 

=fJCCing Re!,i~t.ivily En-er En-er En-er 

0.5 <M:E.56 0.l1E11 0.11301 0.2710 

1.0 468.73 -0.~ -0.2145 0.0::68 

1.5 472.-46 
2.0 391.44 -0.elm 0.0738 0.0e95 

3.0 298.77 
4.0 189.12 0.00?0 -0.1821 0.0549 

6.0 118.54 
8.0 64.77 0.0014 0.0085 -0.0162 

12.0 54.14 
16.0 52.48 0.01!1,6 0.0077 0.0189 

24.0 54.70 

32.0 57.30 -0.0008 0.0:!81 -0.01:E 

48.0 63.89 
64.0 f:S.'37 0.l!D'!3 -0.IH58 0,IB:0 

R.M.S. ~lcrol En-er - .iE42 
R.M.S. orr-. ~ OiH........-ce - .1214 
R.M.S. Pot.ent.lal l..cd:IBr OirfEr&"CB • .1000 

F IELO OJ.c\.E CATA Il'flt:FA<ETED t'CCEL 

Elect.rode ~ 
Reflect.icn 

Sepcrot. icw1 Reslslivlt.y lhld<ness ~ ~ Coefft.s. 

1 0.5 460.56 0.00 2"E.7 

2 1.0 468.73 
3 1.5 436.00 0.00 -------- 0.3716 

4 2.0 391 .44 

s 3.0 298.77 2.07 514.3 

6 4.0 189.12 

7 6.0 95.e.0 2.16 -------- -e.8173 

B 8.0 64.77 
9 12.0 52.50 6.96 51.7 

1>) 16.0 52.48 
11 24.0 54.70 9.12 -------- -0. 1e;9 

12 ::e.0 57.:E 
13 48.0 63.89 6.72 36.9 

14 64.0 69.37 

15.83 -------- 0. 3...."'?6 

R.M.S. Reloti...e ernr = 0.0172 
r-bx im..m re I . .,..-n:r - -0. 0348 al """'Pie 

72.9 
6 

tl.m:,er or t.rial,>.w:e 10 ......... 
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NO 77 NW RlB 

Azimuth 160° 
August 1989 

Interpretation 

Geological 
classification 

?Flow-till 

Old Red Sandstone 

10:E. 

11:0. 

10. 

0. I 

7402 7676 81'0W11111Uir 

Waste 1.9m 
Bedrock -

Lithology Resistivity Thickness Depth 
(ohm 11) (ml (m) 

--
Soil, Silty and 
pebbly, dry 272 0.1 0.1 

Clay, sandy and 
gravelly 556 1.8 1.9 

Siltstone 69 6.4 8.3 

Mudstone 31 7.0 15.3 

Siltstone 74 

--....... 
~ 

I\ 

~h 
I-

,f,- _:, ..... _..,,,. .. )(-··~ 

,. 10. .. ... 
Electrode Sep:raticn / Depth (m) 

Jl'fUT cw:rm 
Electrode 

Spoc.irg A ,C 01 re B 

0.5 238.0000 228.0000 170.8:1::E 150.0000 9.7:Jii, 
1.0 112. '.E00 1e6.7!:IE 80.5000 87.4e0'! 6.:E00 

2.0 36.3"0:l 34.6e0E'l a;.3"0:l 34.2001!1 1.6860 

4.0 7.8800 7.63:0 5.EiEB'j 7.7700 0.2560 

8.0 1.7130 1.6240 1.a:;70 1.39EE 0.0875 

16.0 0.?a50 0.6800 0.Sln1! 0.5470 0.~ 

32.0 0.3880 0.3720 0.21300 0.2880 0.0237 

64.0 0.2530 0.2340 0.1780 0.1727 0.0141 

PRXESSll"G l<E9..L lS 

Electrai,, U:rnor ~ orr .... t. Lat.er-al 

~irg Re,,i,ot.iuily En-er En-er Erra-

0.5 503.91 0.0011 -0.1297 0.3068 
1.0 527.47 0.eee2 0.082'2 0.2229 
1.5 506.31 
2.0 380.13 0.0004 0.a,12 0.1488 
3.0 a:}3.35 
4.0 168.77 -0.0008 0.3142 0.180il 
6.0 97.71 
8.0 66.83 0.0009 0.e910 0.0591 

12.0 57.33 
16.0 53.08 0.1:11ei 0.0720 0.0418 

24.0 54.37 
32.0 57.10 -0.0197 0.e012 -0.0190 

48.0 63.64 
64.0 70.51 0.0196 -0.03:E 0.e000 

R.M.S. ~lcr-ol En-a- • .0100 
R.M.S. orr:oet. U:rnor Dirr~• .1606 
R.M.S. Potent. Lal Lcd:ler DI ffen,n;.a • .1716 

F IE1..D OR-.£ CATA 1N1El<f"RE:1ED MIEL 

Electrode ~ Refleclic:r 
Sepcralion Res I sliv I t.y 1hid<res5 Daptn Rrn Coeffls. 

1 0.5 503.91 0.07 272.0 

2 1.0 527.47 
,3 1.5 455.120 0.07 -------- 0.3'132 

4 2.0 380.13 
c; 3.0 260.35 1.79 SS6.2 

6 4.0 168.77 
·7 6.0 97.71 1.86 -------- -0.7008 
8 8.0 66.83 
'.) 12.0 'E.00 6.41 68.5 

IU Hi.~J 5:).08 
II 24.0 S4.37 8.27 -------- -0.3801 

12 :E.0 57.10 
13 48.0 63.64 7.05 30.8 
14 64.0 70.51 

15.33 -------- 0.4151 

R.M.S. Relati<..e errt::r = 0.0204 74.4 
l"bx i.rrun re l . ;,,..,....,.... • -0. 0372 al :,so,p le 2 
!'l..nt::e- of tr ia 1'5 ,,= 17 ******** 



NO 77 NW R2A 7312 7668 llains or Fordoun ll'A..IT ~lR 
Electrode 

Azimuth 105° Waste 5.3m, 
~Ing A C 01 ce B 

August 1989 Bedrock 0.5 144. 1000 138.5030 95.0000 90.6000 5.7500 
1.0 99.BeEl'I $.BeEl'I 00.901:'0 68.901:'0 4.0200 
2.0 55.BeEl'I 51.0000 42.901:'0 40.0000 4.1700 
4.0 25.1000 23.4000 a,.?IH3 21:).6000 1.'930 Interpretation 8.0 5.92W 5.6700 4.8500 5.3900 0.2330 

16.0 1.1630 1.1070 0.8990 0.!BE 0.051'E 
Geological 
classification Lithology Resistivity Thickness Depth 

32.0 0.4990 0.4260 0.34-.,,, 0.3140 0.0::BI 
64.0 0.2560 0.2:HI 0.18cE 0.186? 0.0100 

(ohm•) (m) (m) PIU:£SSIJ'(i ~ 1S 

-- Electrode w.rn,- Ch,e-u,d Qff,oet Laleral 

Soil, clayey, dry 84 0.2 0.2 Spa,: irg Ree,i:,,tivil\,j &ra- &ra- &ra-

0.5 291.54 -e.0010 -e.0474 0.20:E 
Alluvium Clayey, silt and 799 2.1 2.3 

sandy gravel 
1.0 407.78 -e.018:! 0.1233 0.2452 
1.5 484.88 
2.0 sa!.88 0.01!1!!5 -e.0700 -e.0078 

Till Clay, sandy and 334 3.0 5.3 3.0 588.13 
4.0 518.99 0.0000 -e.0048 0.0::60 pebbly, wet 
6.0 3SE.97 
8.0 258.36 0.01iE9 0.1!973 0.0917 Old Red Sandstone Siltstone 59 21. 7 27,0 12.0 117.48 

16.0 91 .43 0.01:S'? 0.0231 0.1062 Siltstone, sandy 81 24.0 65.87 
32.0 €6.45 0.0S0:! -e.0098 0.1221 ·····-------· ··------------f\.) 

u, 
u, ,ma. 

- .... 
48.0 71.W 
64.0 74.13 0.0157 0.ee55 0.0000 

R.M.S. ~lcrol &ra- • .03=5 
R.M.S. Orf""'- w.rn,- Dirr.,....,...,.., • .0733 - R. M. s. Pot.ent. lo I l...cxt:ier o I rr enn:e O • 1400 -

E 

~ 
,,,,,,-~ " 

' 
\ 

FIELD~ mm ll'<TE~ll::O Ml:EL 

E lect.ru:ie ~-.,,t. Ref le::t io, 
Sep,·ot Ion Resis.t.ivity 1h id<>"'f.355 DcpU, Rh> Coefft.s.. ., 

:r 
) 

,J llfl. 
01 

\ --
' 

0.5 291.54 0.15 83.5 
2 I .0 407.78 
3 t.5 <184.88 0.15 -------- 0.8108 
4 2.0 520.88 
5 3.0 550.00 2.19 799.2 

lfl .~ ~ X 

" 
G ,1.0 518.99 
7 6.0 JQ?.97 2.34 -------- -0.4106 
8 8.0 258.35 

~ g 12.0 132.00 2.$ 333.9 
I rJ 16.0 91.43 

} 11 24.0 69.00 5.29 -------- -0.7012 
12 :E.0 66.45 
13 48.0 71.97 21.68 58.7 

' 
14 64.0 74.13 

U), 

"·' .. "'· 
a:;.97 -------- 0.1S78 

'""· P..ns. PeloU,""' 13'TO'' = 0.0318 
t1:n< inum re l . .,,..,.-er • ~.0;81 ot. Y.nple 80.6 

Electrod:: Sepcroticn / Deplh Cm) 1'1.rrb,·· of t.riol:,, """' 3'l 

••••••t.• 



l\J 
U1 
OI 

NO 77 NW R2D 

Azimuth 030° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Till 

Old Red Sandstone 

1000 

e 
§ 
JI 
) 

,J 100. 
Ill 

& 
~ 
} 

"'· e.,. 

7312 7668 Mains of.Fordoun 

Waste 5,5m 
Bedrock -

Lithology Resistivity Thickness Depth 
(oha •I (m) (m) 

-- --
Soil, clayey, dry 79 0.2 0.2 

Clayey silt and 772 2.3 2.5 
sand gravel 

Clay, sandy and 313 3.0 5,5 
pebbly, wet 

Siltstone 61 26.7 32.2 

Siltstone, sandy 76 

.,.-A< I"-

1~ 

1 
\ 

I\ 
'-

V 

"' 

1. IB. 100. 

E led.rode Sepcrat io-. / Depth (m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
I] 

14 

Electr<Xle 
Spccirg 

0.5 
1.0 
2.0 
4.0 
8.0 

16.0 
32.0 
64.0 

Electrode 
Spccirg 

0.5 
1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 

12.0 
16.0 
24.0 
32.0 
48.0 
64.0 

1N"UT CA'll'l 

A C 01 ce B 

123.se03 116.EHE lffi. 7000 79.7000 6.4900 
83.'ftE 78.3'£0 Gl.7000 56.6000 5.1900 
64.!BE 62.1000 '18.1000 38.6000 . 2.6:'00 
22.41H! 20 .6lB"J 19.8:HI 19.181:E 1.7770 

S.9400 5.7000 5.271::0 5.0500 0.2320 
1.1840 1.1350 0.91:E 0.9840 0.05:E 
0.4480 0.4200 0.3250 0.3340 0.0270 
0.2520 0.2350 0.18:0 0.1782 0.018a 

Pl<lXESSD'G RE9.L 1S 

w,-....,,. ~ orr,,..t. L<X.er"OI 
~istiuit.y Erro- Ern:r En-a-

291.23 0.0033 -0.2a'6 -0.08!E 
368.51 0.0001 -0.0699 -0.0489 
468.31 
544. 7'5 0.0012 -0,2191 0.4633 
543.98 
490.21 0.0010 -0.0333 -0.2857 
433.12 
c!S9. 'II 0.0013 -0,0<05 0.0734 
113.74 
$.:?6 -0.01D4 0.0749 0.0602 
69.33 
66.25 0.~ 0.eE!73 0.0037 
69.12 
72.62 0.00'll!I -0.3:136 0.0000 

R .M. S . Cb,,e-u:st. lcra 1 Erro- • . 0024 
R.M.S. arr-. W,-....,,. Diff...........:e • .13:E 
R.M.S. Pot.a-it.la! Loc1::1er Dlff8"'9"C8 • .2123 

FIELD~ CAlR 1N I EFiH<1:. IEO Mx:El. 

Elect.rode ~ Rer Leet. icn 

Sepcrot. lcn Res lst.lv Lt:.y Th lcl<r-ess Depth Rh:, Coeffts. 

0.5 272.00 0.16 79.0 

1.0 358.51 
1.5 468.31 0.16 -------- 0.8145 

2.0 544.75 
3.0. 543.!E 2.33 772.4 

4.0 4911.21 

6.0' 373.00 2.45 -------- -0.'1238 
8.0 259.P 

12.0 145.00 3.01 312.6 

16.0 95.:E 
24.0 69.33 5.47 -------- -0.6743 

::e.0 66.25 
48.0 69.12 26.73 60.8 

64.0 72.62 

32.20 -------- 0.1129 

R.M.S. Relat'l...e ernr = 0.0'.E0 76.3 
M:odm..m re 1 .. · en,:r • 0.0672 at """1ple 3 
l't.nber of tr io l :> w:e 28 

******** 
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" 

NO 77 NW R]A 

Azimuth 140° 
August 1989 

Interpretation 

Geological 
classification 

AlluviWD 

Olaciolacustrine 
deposits 

Old Red Sandstone 

7381 7553 

Lithology 

Soil, clayey, dry 

Silt, sandy· and 
clayey 

Clay, silty, damp 

Siltstone 

Siltstone, sandy 

Pittarrow 

Resistivity 
(ohll •I 

66 

442 

165 

57 

91 

1'UI. I--F--R=H+f-11 I I --++--·-·-·-t-·l--;:=.at-···-
~ 

E 

g 
~ f"-,-.,-'1, 
J1 
,J 

) 

,J 

Waste 2.7m 
Bedrock 

Thickness Depth 
(ml (m) 

0.1 oT 

1.0 1.1 

1.6 2.7 

12.7 15.4 

--·=t~-~ ,~t=!=!=!t-f ~===~-~: ~ ·==~1ill~ 
Ill 

~ 
CY. 

--t-t-1-H-H+l--1-l--1-1-H+H --i--1-1-1-

t 
l I I I I I I I 1-1 I I I I I I I I I l--t-1-1--1-

"'·-1 I I I I I I I' I I I I I I I I 11 I I I I_LLLLI 
0,1 1. 10. '"'· 

E ll:.'l:tro:lo:: Sep:rat. io-, / Clepth (m) 

j· ' I; Ii I 

IJf'UT O'lTA 
Electrode 
~·rg A C 01 oe B 

0.5 'P.20'1! 91.700,1 70.0000 S9'.70EE 5.5600 
1.0 61 .alBEI 57.~ '16.a:100 41.9000 3.8S00 
2.0 26.70EE 25.~ 20.5000 21.6eE0 1.3:D'l 
4.0 B.2903 8.E:EB:l 6.23:E 6.73:E 0.2750 
8.0 2.3:1:E 1 .BaE 1.5110 1.5620 0.1087 

16.0 0.9'160 0.8890 0.61390 0.6820 0.0543 
32.0 0.5130 0.4740 0.3800 0.3670 . 0.0350 
64.0 0.2903 0.2710 0.2140 0.2140 0.0190 

PIU:ESS ll'G 1<£9.1.. TS 

Electrode l,.l!,n-e- ~ orr,,.,1.. Lot.era! 
Sp:,c irg Re:,i~tivit.y &,--or Errcr Err-er 

0.5 203.73 -0.0006 -0.1588 0.10139 
1.0 2?6.77 0.€E08 -0.flg;,6 0.1306 
1.5 2.0.69 
2.0 264.52 0.01"El6 0.ffi23 0.1610 
3.0 211.97 
4.0 11x.86 -0.0006 0.0772 0.SEB7 
6.0 111.27 
8.0 77.23 0.0127 0.1!1332 0.eei4 

12.0 70.91 
16.0 67.91 0.IH9 0.0192 0.07S0 
24.0 70.80 
32.0 75.10 0.0078 -0.WlS -0.1£17 
48.0 82.79 
64.0 86.126 0.0000 0.0000 0.0000 

R.M.S. ~lcrol Errcr • .!:ii$ 
R .M. 5. 0 rr :oel l..l!,n-e- D i rr.......,...,., • . ffi'99 
R .M. S. Potent. la l L.a:t:b- 0 l rr....-.n:.e = .2110 

F IEI.D ~ o:im . JNTE~lED l'"CO::L 

Electrode ~-e-,t Ref lecl io, 
Sepcrot io1 Resislivil'ej lhid<ress DEpt.h l,!,o Coeffls. 

0.5 333.73 0.13 65.5 
2 1.0 276.77 
J 1.5 278.00 0.13 -------- 0.7419 
•1 2.0 3':A.52 
s J.8 211 .w 1.03 442.0 
G 4.0 162.86 
7 f;. l:l 100.00 1.16 -------- ~.4554 
8 8.8 77.23 
9 12.0 68 .m 1.56 165.4 

lr:l ll;.o 67.91 
11 24.0 70.f/0 2.72 -------- -0.4847 
12 ~-"' 75.10 
13 48.0 82.79 12.71 57.4 
14 64.0 86.ES 

15.43 0.2277 

R.M.S. R,~lal.iU9 aro- ~ 0.0148 
M:n<ir,un rel. e-ro- • -0.0:!84 al ,:,cnple 2 

91.2 

tl.,rl:,,er of tr i,, 1,. "'°'"' 9 •••••••• 
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NO 77 NW R3B 

Azimuth 100° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Olaciolacustrine 
deposits 

Old Red Sandstone 

7381 7553 

Lithology 

Soil, clayey, dry 

Silt, sandy and 
clayey 

Clay, silty, damp 

Siltstone 

Siltstone, sandy 

,roa .. !==-I I I I 1---H-l-l= 

Pittarrow 

Resistivity 
(ohm •I 

-
68 

400. 

172 

55 

97 

Waste J.2m 
Bedrock 

Thickness Depth 
(ml (m) 

0.1 0.1 

1.0 1.1 

2.1 3.2 

13.8 17.0 

r-

I I I I I I I I 11 I ~-1-1-l--l--W I 1--1-l-++ 

~,;~~:Etal=FM+rr 
---•--+-+-H-t+t I I I I H+H I ~~ I . ·-+-++-1--t 

"'· -I I I I I I I I I I I I I I I I I L I I I I I I 'I 
0.1 ,. '"· '"'· 

E lec.t.rr.:de Sep·:rot icn / Dept.h (m) 

UflJT o:llR 
Electrode 
~irg A C 01 c:e B 

0.5 99.9000 96.0000 63.9000 66.3000 5.0?00 
1.0 58.Sl:'l'E S4.6000 45.9000 39.SEE0 3.8700 
2.0 25.3000 24.1E'E0 a,.~ 19.9a'0 1.2320 
4.0 9.170:l 8.9100 5.a?EE 7.760:1 0.213:l0 
8.0 2.01"00 1.8880 1.6000 1.5080 0.1114 

16.0 0.9180 0.8610 0.670<1 0.6600 0.05<18 
32.0 0.5040 0.4780 0.31:60 0.:E80 0.0352 
64.0 0.3010 0.2820 0.2240 0.2190 0.0194 

P!UXSSIN3 l<E9..l.. TS 

Electrod,: t.b-re- O:,,,er,..ed orr .... t. Lat.en>l 

~irg ~i~t.ivily Ern:r Ern:r Ern:r 

0.5 -.52 -0.0017 0.0369 0.1983 
1.0 268.29 0.001:6 -0.1499 0.0939 
1.5 284 .. 49 
2.0 252.08 -0.0013 -0.0140 0.0906 
3.0 ao.53 
4.0 171.28 0.0000 0.2773 0.8481 
6.0 121.14 
8.0 78.11 0.E'E03 -0."'3SE! -0.0007 

12.0 72.62 ' 16.0 67.31 0.0024 -0.0015 0.0183 
24.0 69.96 
32.f.l 74.69 -0.0181 -0.f!!Tc9 -0.0387 
48.0 83.40 
64.0 89.07 -0.0013 -0.020:; 0.0000 

R.M.S. ~lc:rol Ern:r • .IEES 
R.M.S. Off~ t.b-re- Oiffere,:e • .1174 
R .M. S. Potent. la I Lad:ler O l rf,rero, a • 3333 

FIELD~ CATA ~DJ-ID::L 

Eleclnxle ~ Ref le:lio, 
Sep:,·at. lon Resi&llvlty lhlclo-e&& ~t.h Rh:> Coeffl&. 

1 0.5 204.52 0.13 67.7 

2 1.0 268.29 
3 1 .5 270.00 0.13 -------- 0.7101 

'-I 2.0 252.!E 
5 3.0 203.53 1 .01 399.6 

6 '-1.1:'l 171.28 
7 6.0 107.00 1.14 -------- -0.N78 

a 8.0 78.11 

9 12.0 67.50 2.04 172.2 

HJ 16.1'.J 67.31 
11 2<1.0 69.95 3.18 -------- -0.5169 

12 32.0 74.69 
13 48.0 83.40 13.77 54.8 
14 G4.0 89.07 

16.95 -------- 0.2795 

P..r-1.S. Relot.i<.e en-o- = 0.B.."'03 
f·l:;J,..im ... rnrel. e,-"T'O'"" • 0.~ oL ~:nple 8 

97.4 

r •...-rt.:,,,- of t:r ic"..a l ~ v,~ 8 •••••••• 
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ID 

NO 77 NE RlA 

Azimuth 110° 
August 1989 

Interpretation 

Oeological 
classification 

Alluvium 

Till/Decompgsed 
bedrock 

Old Red Sandstone 

~ 
JI 

~ 

J 

1 
e., 

7672 7557 Bridge of Kair 

Overburden 0.2m 
Mineral I 1.3m 
Weste 4.8m 
Bedrock 

Lithology Resistivity Thickness Depth 
(ohm •I (m) (ml 

---
Soil, silty, dry 280 0.2 0.2 

Cobble gravel, _dry 1964 1.3 1.5 

Clay with boulders 134 4.8 6.3 

Nudstone 16 

~ 

-
" 

'\ 

\ 

' 
\ 

\ 

\ 
\< . 

\ 

' . ')r..._ ~ ~ ~ 

'· ,e. ...... 
Electrode Sepcrat.ion / Dept.h Cm) 

ll'AJT c:,:rm 
Electrocie 
~irg A C 01 c:e B 

0.5 196.0B,! 'Jn.0000 271 .1:0:E 258.0000 19.~ 
1.0 242.0e03 'i!Z?.0000 160.3000 185.6000 15.0100 
2.0 102.9P.0:! g;>,:DE 136.2010 81.2000 5.6100 
4.0 22.~ 21 .Gl'H:l 18.6300 21.30?10 0.5830 
8.0 2.'10:E 2.:B:E 1.9020 2.1000 0.E'S20 

16.0 0.3230 0.3'!70 0.25011 0.243!1 0.0156 
32.0 0.1080 0. 1El':0 0.€1350 0.0740 0.0063 
64.0 0.0710 0.0685 0.0440 0.0460 0.003!1 

PRXESSl!'G llE9..L TS 

Elect.rode w,n-,,,- °"""""'° orr,,.,1. Lateral 
Spr.r. ing ~i'5tivit.y &re,- &re,- &re,-

0.5 83!1.95 -0.ew.!2 -0.0491 0.1503 
1.0 1086.68 0.0000 0.1463 0.1457 
1.5 1171.09 
2.0 1051.81 -0.0001 -0.f!ER7 0.1810 
3.0 79::l.83 
4.0 501..78 0.IBlS 0.1337 0.3212 
6.0 224.$ 
8.0 100.58 0.El:02 0.09190 0.8072 

12.0 44.72 
16.0 24.78 0.0012 -0.0284 0.ai34 
24.0 19.01 
32.0 15.98 -e.00:!8 -e.1384 -e.0031 
48.0 15.96 
64.0 18.10 -0.0070 0.0444 0.0000 

R. M. S . O:,,,eru:,l. lcro I Errcr • . 00?6 
R.M.S. arr-. w...-r.,- Oiff_.-c.e • .0981 
R .M. 5 . Pot.er,l la I Ladder O l ff eren:.e • • sifP 

F IEl..D o..R-..E CATA JN I EJ.Hd:.. IED r-a::E.. 

Electrode ~ Reflect.ion 

Seporot.lon Resl,;t.lvlty Thld<res5 ~ ~ Coefft.s. 

0.5 833.95 0.16 279.? 

2 1.0 1086.68 

3 1.5 1150.EE 0.16 -------- 0.7507 

4 2.0 1ffi1 .81 
5 3.0 799.83 1 .32 1964.3 

6 4.0 501.?8 
? 6.0 224.SS 1.48 -------- -0.8720 

8 8.0 100.58 
9 12.0 44.72 4.82 134.3 

10 16.0 24.78 
11 24.0 17.20 6. '.:0 -------- -0.7905 
12 32.0 15.98 
13 48.0 15.96 15.5 
14 64.0 18.10 

R.M.S. Relative errcr • 0.l'Da3 
11:D< I nun re I . 8'TC7" = -0. €669 ot.. scnp le 9 •••••••• 
l"l.nber of t.r la 1,,. ....,.,, '.:0 
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"' 0 

NO 77 NE RlB 

Azimuth 050° 
August 1989 

Interpretation 

Geological 
classification 

Alluvillll 

Till/Decomposed 
bedrock 

Old Red Sandstone 

7672 7557 

Lithology 

Soil, silty, dry 

Cobble gravel, dry 

Clay with boulders 

Mudstone 

~ 

Bridge of Kair 

Resistivity 
(ohll •) 

285 

1946 

135 

15 

Overburden 0.2m 
Mineral I 1.2m 
Waste 4.7m 
Bedrock 

Thickness Depth 
(•) (11) 

--
0.2 0.2 

1.2 1.4 

4.7 6.1 

•Em. ~-=+u=au L§=f=t I RlTH;;-1-Ffl=t=t=J:-r 
~ 

E 

g 
.31 
) 

.., ~, 
Ill 

& 

t 
J 

I I I I I I I 11 I 1-Ul-+-t I I I I I 1-H-+t 

\ 

I\ 
I\ 

I\ 1IB.i I I 1111111 1=4=1~ ·f--+-·t--··1-·•--t-.. •I• ----•-·-l--+-t-t++H----1--+-+-+-l-

~--+-1--+--I I I I 11 I I I I H+rn 1-1-+-H-•· 

1-- I I I I I I I 11 I I l-+++l·+~-~1---+--•·-

\ 
1'*--~ t>< 

HJ. I i i i i i i I i I i i i i i i i i I i I 
0.1 ,. 10. "'"· 

E lee.trade Sepcrot. io--. / ~t.h (m) 

ll'AJT [):lTA 
Electrode 
~irg A C 01 00 B 

0.5 372.0000 ::E:3.0000 262.0000 245.0000 18.5000 
1.0 261.aBI 249.aBI 175.1010 185.300:l 12.3al0 
2.0 96.a:Jl!E 89.7000 82.<0!0 83.41H! 6.4700 
4.0 23.1003 22.SO'B 19.9603 20.0000 0.5350 
8.0 1.9470 1.8870 1.8940 1.6930 0.1:'64? 

16.0 0.2990 0.2820 0.2'120 0.G}q0 0.0146 
32.0 0.1040 0.11Hl 0.0?50 0.~ 0.0033 
64.0 0.0385 0.l'Bx! 0.0410 0.0380 0.0012 

PROCESS ll'G l<E9.L 1S 

Electrode w.n-.,- Cboe-ued Ofr,oet. Lat..erol 
~irg ~i~tiuity Err-er &re.- Errcr 

0.5 796.39 0.e013 -0.0671 0.0535 
1.0 11::E.23 -0.0012 0.ES66 0.3281 
1.5 1181.40 
2.0 1041. 75 0.ee.03 0.0121 -0.1S"90 
3.0 859.51 
4.0 50:!.15 0.EB:lB 0.EB=e 0.9364 
6.0 186. :Ji 
8.0 89.3' 0.0EE? -0.13:!3 -0.~9 

12.0 39.68 
· 16.0 23.93 0.1:081 -0.0336 0.0939 
24.0 17.63 
32.0 15.28 -0.eGn 0.Eai3 0. 1005 
48.0 14.?? 
64.0 15.88 0.0190 -0.0759 0.El:Ul 

R.M.S. ~laol Errcr • .0153 
R.M.S. arr-. w,,.-.,- Oiff........-.:e - .e642 
R.M.S. Pot.ent.iol L.a:tlr Diff......-.:e • .3843 

F 10.D O.R-C: CArn Il'flE~TED MJ::EL 

E I e,c 1 • .-.;ne ~ Reflect. io, 
~oticn Res i St.i V i q,/ lhicl<ress o,pu, ~ Coefft& • 

1 0.5 796.39 0.15 283.0 
2 1.0 1132.23 
3 1.5 1 1 el'l . el'l 0.15 -------- 0.7<145 
4 2.eJ 1041.75 
5 3.0 n...oo 1.27 1945.8 
6 4.0 ~-15 
7 6.0 186.::6 1.42 -------- -0.8?05 
8 8.0 89.30 
<,J 12.0 :;JCJ.68 4.69 13'1.8 

10 16.0 23.93 
11 24.0 lG.15 6.11 -------- . -0.81)19 
12 3=.0 15.28 
13 48.0 14.77 14.8 
14 64.0 15.88 

•••••••• 
P.11.S. Ro,,loi.i'-"" erro- • 0.EJB; 
t"b>< im.m re I. .erro- = 0. 0:,46 ot. sr.np le 8 
f·lrri:Je- of tr lo I ,e. u.oe1 20 



Iv 
CJ\ 
1--' 

NO 77 NB R2A 

Azimuth 090° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Till 

Old Red Sandstone 

18'}.). 

E 

t 
J1 
) 

,J 100. 
Ill 

Ill 
QJ 

ll:'. 

~ 
} 

10. 

0.1 

7726 7811 Pitskelly 

Waste 4.8m 
Bedrock -

Lithology Resistivity Thickness Depth 
(ohlll •) (m) (m) 

Soil, clayey, dry 91 0.2 0.2 

Silt, clayey 334 2.1 2.3 · 
Clay, sandy 170 2.5 4.8 

Siltstone, clayey 49 21.8 26.6 

Siltstone 66 - -

·~ttttl 

1---111" T 

1-1-1-t-H-

1. 10. 100. 

E lec.t.ra:le Sepo--ot. io. / Deplh (m) 

Il'A.JT Cl'ITA 
Electrocb 
~lrg A C 01 ce R 

0.s 91.sefE 88.1000 70.0000 50.9000 3.51l)'J 
1.0 S2.4000 49. 1000 32.1000 42.9000 3.33:!0 
2.IJ 29.8000 c7 .9"00 23. 10e0 20,ae£0 1. 7880 
4.IJ 10.7100 10.1200 8.68e0 9.0700 0.5940 
8.0 2.6700 2.9'00 2.0000 2.391:0 0.1330 

16.0 0.8240 0.7990 0.6150 0.6270 0.04515 
32.0 0. 3630 0.34c0 0.2?50 0.2730 0.02-10 
64.0 0.2170 0.2050 0.1950 0.1950 0.0120 

AU:£5'5 l1'G l<E9.L TS 

Electrode w,-n,- ~ orr..et. Lot.erol 
~ing ~i~tivit.y &-n,r &-n,r Errcr 

0.s 189.91 -0.0012 -0.3160 0.2'.BI 
1.0 2:E.~ -0.0006 0.2880 0,0278 
1.5 278.47 
2.0 275.83 0.0038 -0.1048 0,1763 
3.0 a;1.53 
4.0 223.05 0.0006 0.0439 0.01:EB 
6.0 163.?2 
8.0 111 .84 -0.11049 0.1483 0,013'1 

12.0 73.cS 
16.0 62.43 -0.0246 0.0193 0.11311 
24.0 54.25 
32.0 ss.oo -0.01!82 -0.0073 -0.0704 
48.0 sa.:i; 
64.0 62,33 0.0000 0.0000 0.0000 

R .M. S. °""""'°'- lcra l Errcr • .0094 
R.M.S, arr-. w,-n,- Oiff~ - . 11:51 
R .M. S. PoU,-,t. lo I Lcd:tEr D I ff .....,.-.:e • • 1250 

FrEU) Cl.A.£ C¥'l TA INTE~TEO MIEL 

Ele::t • .-o::ie ~ Refle::tion 
Sepcw·ol. ion Reslsl. ivlt.y Thicl<ress ~ ~ ~ffle.. 

1 n.s 189.91 0.20 91 .2 
2 1.0 235.G:! 
3 1.5 260.eJ.I 0.20 -------- 0.5711 
4 2.0 275.83 
s J .IJ 261 .53 2.11 333.9 
G -l.<J 223.05 
7 6.0 163.72 2.31 -------- -0.3?48 
8 8.0 111.84 
<J 12.0 73.25 2.47 170.2 

HJ 113.0 62.43 
II 24.0 54.cS 4.78 -------- -0.SS29 
12 3?.0 55.09 
1.3 48.0 58. :J.; 21.79 49.0 
1-1 64.0 62.33 

26.56 0.1461 

P..M.S. RF.>lat.iue, e-ro- 0.IE40 6S.8 r-1:,,. inun rel. error • 0.0'111 al =,cnple 3 
N..nt,,,- of tJ· i.,:, I~ w:e 21 •••••••• 



"' °' "' 

NO 77 NE R2B 

Azimuth 010° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Till 

Old Red Sandstone 

7726 7811 

Lithology 

Soil, clayey, dry 

Silt, clayey 

Clay, sandy 

Siltstone, clayey 

Silstone 

Pitskelly 

Resistivity 
(ohm 11) 

91 

358 

157 

52 

66 

Waste 4.9m 
Bedrock -

Thickness Depth 
(ml (m) 

0.2 0.2 

2.2 2.4 

2.5 4.9 

26.6 31.5 

- -

''°'·1 I I 1111111 I I 1111111 I I 1111111 

~ 

E 

~ lr- i', 
K. 

J1 
I'-. 

I\ 
) i\ 

...i 100 . 
,n ' 

JC 

~ ",lS. 

Cl!'. 7 - " -

t 
} 

~ - - -
,_ - -

,e. .L.. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

llf\JT Cf'ITA 

Electro:ie 
Spcclrg A C 01 ce B 

0.5 92.Ge0!1 89.:»E e:;.:»E 54.5000 3.2000 
1.0 61.4e0:I 59.3:1:E 47.2£E0 33.7000 2.09il0 

2.0 29.40<0 27.5010 20.ooee 24.2000 1.8Se0 

4.0 10. lel'E 9.4:B'! 9.53:E 8.GSB! 0.6810 

8.0 2.860il 2.74011 2.3800 2.320:l 0.1064 

16.0 0.8660 0.81S0 0.7010 0.5910 0.0443 

32.0 0.36al 0.3220 0.2770 0.a;90 0.02'43 

64.0 0.2033 0.1963 0.1561 0.1459 0.0124 

PRXE:SSIJ"G AE3.L 1S 

Electrode w,-n,- ~ orr ... t. Lat.er-al 

Spoc.irg Re,,i,itivit.-\:j En-er En-er En-er 

0.5 188.18 0.eEIE -0.1803 0.2271 

1.0 c54.15 0.e.EB:! -0.3337 0.3417 

1.5 284.96 
2.0 281.49 0.0003 0. 18i!l7 0.eae6 

3.0 293.20 
4.0 228.83 -0.0011 -0.0912 -0.3639 
6.0 170.24 
8.0 118.12 0.0048 -0.0255 0.1138 

12.0 f'S.67 
16.0 · 64.94 0.0031 -0.1703 0.1384 

24.0 59.90 
32.0 54.89 0.0444 -0.0293 -0.1282 

48.0 58.eE 
64.0 60.72 -e.een -0.0o?S 0.001!1!1 

R.M.S. ~lcrol En-er • .0186 
R.M.5. arr-. 1J,rr,er o;rr.,....,.-c.e - .1632 
R .M. S . Potent. lo l Lcd:b'" 0 I rr oren:a • . 8246 

FIELD Cl.J<I.£ D'lTR D'l lt.Jd'M.. IEO MIEl... 

Elect.rode ~ Reflect.icn 

Sep:rat.lon Res l&t.lvlty lhldo,ese, ~ Rh:, Coefft&. 

0.5 188.18 0.20 90.6 

1.0 254.15 
1.5 284.96 0.20 -------- 0.S963 

2.0 281.49 
3.0 275.eE 2.21 :EB.4 

4.0 228.83 
6.0 170.24 2.41 -------- -e.389'5 
8.0 118.12 

12.0 76.50 2.46 157.4 

16.0 64.94 
24.0 S6.eE 4.86 -------- -0.50:E 

:E.0 54.89 
<18.0 58.ffi 26.63 51.6 

64.0 00.72 

31.49 -------- 0.12'a! 
_.LI..J~ 

"·' ,. 10. ,..,. ' •R.M.S. Relatl<.e errcr = 0.0179 e;.9 
M»< inun 're l . e-r-c:r - -0. 0420 ot. e,cnp le 10 

E lec.t.rode Sepcral icn / De.plh (m) l'LntJer Or t.r ia l ~ w::15 10 •••••••• 



IV 

°' w 

NO 78 SW RlA 

Azimuth 115° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

?Olaciolacustrine 
deposits 

Old Red Sandstone 

1000. 

e 
~ 
JI 
~ 
,J 100. 
Ill 

fil 
~ 

~ 
} 

111. 
e.1 

7374 8150 Nilton of Dellavail'd 

Overburden O. lm 
Mineral I 2.2m 
Waste 1.4m 
Bedrock 

Lithology Resistivity Thickness Depth 
(oha •l (m) (m) 

--
Soil, gravelly, dry 559 0.1 0.1 

Cobble gravel, dry 3687 1.0 1.1 

Cobble gravel, 1017 1.2 2.3 
sandy wet 

?Silt, sandy 737 1.4 3.7 

?Lava, decomposed 90 85.2 88.9 

?Conglomerate 255 

' 
I\ 

' 
" 

~ 

~v 
,A 

' 

1. 10. 1811. 

Electrode Sep:roticn / Depth (m) 

ll'A.JT DA1R 
Electnxie 
~Ing A C 01 ce B 

0.5 725.eeee 673.0000 509.0000 523.0000 51 .60:!0 
1.0 480.0000 453.0000 3619.0000 319.0000 216.1000 
2.0 185.011£0 175.011£0 147.7000 157.8000 9.7800 
4.0 41.001:E 39.13000 35.al01'! 38. 1000 1.1400 
8.0 5.3100 5.1500 3.9500 S.0800 0.1740 

16.0 1.44021 1.3540 I .0990 0.~ 0.0600 
32.0 0.5640 0.5300 0.4030 0.~ 0.0408 
64.0 0.:Eee 0.3250 0.2300 0.2450 0.0153 

A<!XESSIN:l RE3.L TS 

Electroz t.wr.,- ~ orr,ief. Later-al 
~ing ~i~tiuit..y Error Ern:r Error 

0.5 11x1.06 0.EE06 0.EE71 -0.0431 
1.0 2161.42 0.0019 oil. 1453 0.2164 
1.5 2100.64 
2.0 1919.51 0.0012 0.0861 0.1099 
3.0 1477.08 
4.0 !le1.12 0.0015 0.Er.'91 0.2041 
6.0 450.03 
8.0 ,326.95 -0.e&!S 0.29W 0.1156 

12.0 135.77 
16.0 11:E.59 0.0182 oil. 1538 0.2833 
24.0 93.16 
32.0 88.77 oil.01ail 0.1?44 oil. 1407 
48.0 96.36 
64.0 95.50 0.0281 0.0632 0.001:E 

R.M.5. ~lcral Error • .01ai 
R.M.S. arr-. t.wr.,- Oiffen,o,c.e • .13114 
R.M.5. Pot.ent.lal L..cd:ler Dlff........-ce • .1756-

F lfJ.D ~ O'lTR IN IE>H<E IEO MXEl... 

Elect.rode ~ Refleclicn 

~Ion Resistlully lhldo-"856 Depth l<t-o Coeffts. 

1 0.5 1621.06 0.14 SS7.9 
2 1.0 2161.42 
3 1.5 2100.64 0.14 -------- 0.7371 

4 2.0 1919.51 
s 3.0 1477.08 0.9:! 3686.S 
6 4.0 921.12 
7 6.0 450.03 1.07 -------- -0.5675 
8 8.0 2ai.95 
9 12.0 117.00 1 .2'1 1017.1 

10 16.0 HE.59 
11 24.0 91.S0 2.31 -------- -0.1597 

12 ::e.0 88.77 
13 48.0 96.33 1.39 736.9 
14 64.0 95.S0 

3.70 -------- -0.78:!3 

85.15 90.0 

88.85 -------- 0.4780 
R.M.S. Relallue .....-ro- • 0.EE'.38 
11:o< inun re I . erT"O'"" • -0. 0-?38 al ~ le 10 254.9 
i't.rrber a r tr la Is w:,s 10 



I',.) 

°' ,i:,. 

NO 78 SW RIB 

Azimuth 070° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

?Olaciolacustrine 
deposits 

Old Red Sandstone 

11&1 

~ 

E 

~ 
Jl 
M 

) 

.µ 1ffl. 
Ill 

& 

l 
10. 

0.1 

7374 8150 Milton of Dellavaird 

Overburden 0.2m 
Mineral I 2.2m 
Waste 1.2m 
Bedrock 

Lithology Resistivity Thickness Depth 
(oha •l (m) (m) 

-
Soil , _gravelly, dry 638 0.2 0.2 

Cobble gravel, dry 3839 1.0 1.2 

Gravel, sandy, wet 990 1.2 2.4 

?Silt, sandy 650 1.2 3.6 

?Lava, decomposed 87 69.8 73.4 

?Conglomerate 262 

' 
\ 

\ 

\ 

\ 

[\. 
" 

1. ,e. 

Elec.t.rocle Sepcration / Depth Cm) 

Uf'UT ()'ITA 

E lect.rcx:le 
s.:,ac lrg A C 01 00 B 

0.5 ?Se.f.OE 752.0000 535.0000 S:E.0000 40.0000 
1.0 480.0000 <64.0000 347.0000 342.0000 a;.1000 
2.0 1g?.S0?.0 186.801'.0 1€6.7000 156.501!E 10.6100 
4.0 42.2000 41.0000 "37.2000 38.801'.0 1.2160 
8.0 s. 1S0i'I 4.91300 4.GJEE 3.8100 0.1€64 

16.0 1.2750 1.a:Ea 0.9790 0.9540 0.0670 
32.0 0.5960 0.5650 0.43:E 0.4440 0.0383 

A<IXI:SSIN3 RE9.L TS 

E lect.rcx:le L...lan-Er Cbsen.ed Offset. Lateral 
s.:,ac lrg Re:, l:,t Iv I t.y &rcr &rcr En-er 

0.5 1672.90 0.0a00 -0.0094 0.1372 
1.0 2164.56 -0.3"2 -0.0145 0.1794 
1.5 2251.55 
2.0 cEl24.44 0.01:ES -0.ES?l 0.1774 
3.0 1584.59 
4.0 !H;.04 -0.0004 0.0421 0.2074 
6.0 441.77 
8.0 212.62 0.0E'09 -0.1986 0:2783 

12.0 116.71 
16.0 97.16 0.0063 -0.0:59 0.0411 
24.0 91.12 
32.0 88.17 -0.01~ 0.EE51 0.EEEE 

R.M.5. ~lcrol &rcr • .EH;c 
R.M.5. orr:oet. w,...,,,- 01rr.......-ce - .0Bt1 
R.M.5. Pot.e,t.lol L..a:t:&- 01rr.,,....,...,., • .1847 

F IEl.D Cl.RI.£ CATR ~Mr.El.. 

Elect.rcde ~ Ref lect. ion 

~tlon f;!es 1st Iv l t.y lhldo-e56 ~ l<l'-o Coeffts. 

1 0.5 1672.90 0.17 fJI.? 
2 1.0 2164.56 
3 1.5 21:51.55 0.17 -------- 0.7151 

/ 
4 2.0 21:E4.44 
5 3.0 1584.59 0.93 3838.6 

6 4.0 !ES.04 
? 6.0 441.?7 1.16 -------- -0.5901 

8 8.0 212.62 
9 12.0 109.00 1.27 989.5 

10 16.0 97.16 
11 24.0 91.12 2.43 -------- -0.2074 

12 32.0 88.17 
13 48.0 94.45 1.20 649.6 
14 64.0 98.W 

3.62 -------- -0.~ 

69.81 86.7 

?3.43 -------- 0.SEEl 

1m. R.M.S. Relotlue e-T"O'"' • 0.0221 
M:o< irrun re I . e-T"O'"' • 0. 0472 at. :,onp le 2 

a61.6 

N..nbEr of trials ..as 10 ··~····· 



NO 78 SW R2A 7256 8252 Tipperty 
ll'f\JT ~11'1 Azimuth Overburden O. lm 

August 1989 Mineral I 1.3m 
Electrode 
Spxing A C 01 c:e B 

Waste 5,5m 
Bedrock 

Interpretation 

Geological 
classification Lithology Resistivity Thickness Depth 

(ohll •) (m) (m) 

0.5 1283.l'HE 1199.EHE 103:?.0000 866.EHE 84.1000 
1.0 =.0000 53:1.0000 412.0000 50;.0000 36.0fiE0 

2.0 ~-- 230.001:'0 210.0000 134.40<E 6.1200 
4.0 '45.2EH! 42.9000 38.0000 38.?lm 2.aE0 
8.0 11.5200 10.8900 9.111:13 10.0500 0.6100 

16.0 3.3300 3.1100 2,5400 2.8800 0.20il0 
32.0 1.58:l:I 1.5250 1 .0!'la!I 1.2840 0.0501 
64.0 1 .. 4530 1."la:E 0.8100 0.se10 0.03ffi 

-- PIU:ESS!Ni l<E9..L 1'3 

Soil, vith large 1760 0.1 0.1 
cobbles 

Electrode w.rr.,- ~ ocr ... t. Lateral 
Spacing Re:ti~t.ivi~ Erro- Erro- Erro-

AlluviUII Cobble gravel, dry 3451 1.3 1.4 
0.5 29:3<1.cS -0.0001 -0.1'66 0.071'9 
1.0 2880.84 0.001i'E 0.al28 -0.0848 

?Flov•till ?Clay, gravel and 666 5.5 6.9 
sand 

1.5 2518.80 
2.0 2163.93 -0.1:131!6 -0.4390 1.01166 
3.0 1421.13 
4.0 963.84 0.EB?2 0.0183 -0.0201 

?Highland Border ?Siltstone and 
Complex spilitea 187 24.8 31. 7 

6.0 7$.83 
8.0 481.5'1 0.0017 0.0981 -0.0131 

12.0 343.3'! 
16.0 272.44 0.0033 0. 129.i -0.1462 

"' 
7Spil1tes 359 

0\ 
V'I 

1CIW, 

· 24.0 230.16 
32.0 230.22 0.0031 0.2428 -0.E682 
48.0 29.i.17 
64.0 348:04 -0.0ee4 0.1282 0.0000 

R.M.5. ~lcrol Erro- • .0321 
R.M.5. arr-. w.rre- Dirr.....,...,,., - .2110 
R.M.5. Pot.Ert.lal uxt:er otrrere-c.e • .3873 

~ 

E F IU.0 Cl...Rs£ Cl'lll'l INTE!sA<ElED MXEL 

g 
~ 

.31 
) 

.., UHi. 
UI 

·~ 

''\ 
- \ 

'- -

Elec.lro:le ~ Rer lec.t. icn 
S,;,p:.-at ion Res l5t.lv l t:.y lhld<res5 ~ l<h:> eoerrt.5. 

0.5 2934.cS 0.13 1759.5 
2 1.0 2880.84 
3 1.5 2518.80 0.13 -------- 0.3:!46 
4 2.0 2163.93 
5 3.0 1421.13 1.31 3450.8 

"' w 111' 
6 4.0 963.84 
7 6.0 655.00 1.44 -------- -0.6767 . Cl! 
8 8.0 481.54 

~ 
} 

•I'-

Ix_ i>< 

x.... ~ 
7'"-" 

9 12.0 343.::'B 5.46 665.5 
10 16.0 272.44 
11 24.0 23'!.16 6.S0 -------- -0.5605 
12 32.0 2:0.22 
13 48.0 255.17 24.83 187.4 
14 G4.0 348.04 

31 .72 -------- 0.3138 100, -
0. 1. 10. 100. ~.r-1.S. Rel,~lio.e ern:r 0.0155 ~.9 

1'1:,,dnum rel. ern:r • 0.0312 at. =,cnple 3 Elec.lro:le Sepcraticn / Deplh Cm) N..nber of .. J·iol~ ,....c:e CC ••••••••• 



1') 

CJ\ 
CJ\ 

NO 78 SW R28 

Azimuth 120° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

?Flow-till 

?Highland Border 
Compll!x 

·-
E 

~ 
~ 

J 
) 

_.J UBI 
II) 

& 
~ 
j 

lffl. 
e., 

7256 8252 Tipperty 

Lithology Resistivity 
(oh.a•) 

Soil, with cobbles 1026 

Cobble gravel, dry 4709 

?Clay, gravel and 798 
sand 

?Siltstone and 212 
pillow lava 

7Spilites 281 

v 

"' r\ 
\ 

' 

~ 

'· 

Overburden 
Mineral I 
Waste 
Bedrock 

Thickness 
(m) 

O. lm 
o.8m 
4.6m 

Depth 
(m) 

--
0.1 0.1 

0.8 0.9 

4.6 5.5 

24.1 29.6 

- -

~ 

" ___. X 
, " 

,e. 

Elec.t.rcx::le Sepcratio, / Depth Cm) 

,..,. 

1 
2 
3 
4 
5 
6 
? 
8 
9 

10 
11 
12 
13 
14 

IN"I.JT D'llR 
Electrode 
~Ing A C 

0.5 1232.0000 1156.0000 
1 . 0 708. 0000 682 .0000 
2.0 167.83!.0 159.1000 
4.0 48.8000 46.8000 
8.0 11.1000 10.5000 

16.0 3.SEE0 3.3200 
32.0 1.5670 1.51a:I 
64.0 1.0380 1.0080 

01 02 

966. 0000 940. 0000 
456. 0000 579. 0000 
179.40E0 
39.0000 
9.87ee 
2,S0?0 
1 .00<10 
0.6150 

1:E.2000 
'37.3000 
9.0500 
2.GIEE0 
1.313:l 
0.7380 

PAXESSil'G llE9.J.. lS 

B 

?6.4000 
25.8000 

8.6800 
1.s.e70 
0.6160 
0.21'9l 
0.0567 
0.02'10 

Electrode Werrer ~ Off....t. l..al:.erol 
~ing 

0.5 
1.0 
1.5 
2.0 
3.0 
4.0 
6.0 
8.0 

12.0 
16.0 
24.0 
32.0 
48.0 
64.0 

~i~t.ivit..y 

2836.86 
3251 .SS 
a;g1 .40 
19'15.27 
1498.58 
986.:S 
648.53 
475.51 
362.82 
280.48 
236.54 
2:E.93 
230.49 
272.€)<1 

Error 

-e.01!E3 
0.0003 

0.0001 

0.0015 

-e.0014 

.0.0087 

-0.0011 

0.ee;s 
R .M. 5 . °""""-at.. lcra 1 &rcr - .0038 

Error-

-0.1395 
0.2377 

-0.3178 

-0.0598 

-0.086? 

-0.0932 

0.2667 

0.1818 

R.M.s. orr..et. 1..1rrer- o; rr.........-ce • .19'10 
R .M. 5 . F'ot,enl. la I Led:&- 0 I ff9"ErC,8 • .3!113 

Error 

-e.0115 
0.5633 

·-0.3879 

0.3864 

-9.13:!0 

-0.03:!0 

0.EE13 

0.0000 

F IEl.D OR.£ D'lll'I lN IEM1<E IED t1XE.. 

Eleclnx:le ~ Reflect. icr, 
~Ion Resls.t..lulty 1h lc:14-"es6 ee.:,u-, Rho Coefft.s. 

0.5' 2836.86 0.11 1ea5.4 
1.0 3:51.SS 
1.5 2091.40 0.11 -------- 0.6'121 
2.0 1945.2? 
3.0 1:Ee.00 0.83 470':l.1 
4.0 966.35 
6.0 648.53 0.94 -------- -0.7102 
8.0 47S.51 

12.0 329.00 4,61 797.9 
16.0 2811.48 
24.0 235.54 5.55 -------- -0.S798 
32.0 232.93 
48.0 2!:e).00 24.03 212.2 
64.0 272.04 

29.58 -------- 0.1391 
R.M.S. Relat.i...e errtr = 0.ean 

280.8 11:,x lm.rn re I . ...-rcr • 0.05S7 at. =nple s 
l't.rrber or t.r io 1,, ..,,.. 10 

******** 
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CJ\ 
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NO 78 SB RlA 

Azimuth 075° 
August 1989 

Interpretation 

Geological 
classtrication 

Alluviua 

Till 

Old Red Sandstone 

llll0. 

·e 
15 

I 

~ 

JI ., 
~ 
,J 100. -~, 
.,, 
& 

~ 

1 
II) • .. 

<l.1 

7581 8055 Hawkhill Farm 

Dvel"bUl"den O.lm 
Minel"al I 0.8m 
Waste 1.6m 
Bedrock -

Lithology Resistivity Thickness Depth 
(ohll a) (m) (m) 

--
Soil, silty, dry 286 0.1 0.1 

Cobble, gravel, dry 2043 0.8 0.9 

Clay, sandy and 333 1.6 2.5 
gravelly, damp 

Turr 92 27.6 30.1 

Turr 110 

- -' t-r- ---
' '\ -r- -

'\, 

\ 

\ 
\ 
1\ 

', 

' 
>< 

~ -

-

1. 10. 100. 

Elect.ro:le Sepcrat.icn / [epth (ml 

IN'UT o=m=1 
Electrocte 
Spcclrg A C 01 ce B 

0.5 446.0000 41?.0000 318.Ellee 323.0000 25.6ee0 
1.0 239.00EE 224.00EE 163.9000 202.00EE 15.a:Ea 
2.0 71.8:le0 68.1000 63.au, 69.EB10 3.6800 
4.0 11.4300 11 .0<8:l 10.2900 11.3700 0.36<10 
8.0 3.4400 3.2700 2.5310 2.2800 0.1480 

16.0 1.1690 1.0840 0.81300 0.9620 0.08:E 
32.0 0.646a 0.ED30 0.4~ 0.S0i:E 0.0400 
64.0 0.4000 0.3780 0.2700 0.3050 0.0Z20 

PROC£9SIJ'G RE9.L TS 

Electroc1e w,-n,- ~ arr- Lot.era! 

Spoc ing "'"i "tiv i t.y E,-ro- E,-ro- E:rro-

0. S 1eE6.88 0.~ 0.0156 0.0362 

1.0 1149.51 -0.0008 0.a383 0.1150 
1.5 1076.98 

2.0 836.se 0.0003 0.0901 -a.3606 
3.0 512.?4 
4.0 2?2.19 0.0123 a.egg;, -a.4073 
6.0 124.3? 

8.0 1a:!.64 0.eE64 -0.10EE 0.4560 
12.0 10B.se 
16.0 5e.S'9 0.0017 0.0890 -0. 1501 
24.0 9'1.90 

32.0 9'1.a, -0.IE31 0. 1430 -0.0181 
48.0 11iE.9:1 
64.0 115.61 0.0000 0.1217 0.001?.0 

R. M. S. °""""'-al lcro I En--o- • . 0038 
R.M.S. arr-. W,-.-.,- Diff.......-ce • .1198 

R. M. S . Pot..ent lo l l.ati3r O I r rEl"'e""G8 • . 2?81 

F !EU) O..RU: O'llR INlE~TED r-a:EL 

Electrode ~ Ref lect.io, 

Sepcrot.lon Res l5t.ivlt.y 1hld<res5 Deptn f;t-o Coeffl5. 

1 0.5 1003.88 0.11 ~.1 

2 1.0 1149.51 

3 1.5 1€011.00 0.11 -------- 0.7543 

4 2.0 833.!:E 
s 3.0 512.74 0.76 2043.0 

r, 4.0 272.19 

7 6.0 150.00 0.i>t' -------- -0.7198 

a 8.0 1a'l .64 

9 12.0 98.00 1.68 re.9 
HJ 16.0 !:E.59 
11 24.0 94.90 2.54 -------- -0.SG7G 

12 :E.0 94.20 
13 48.0 100.9':l 27.64 91.8 

14 64.0 115.61 

33.18 -------- 0.0915 

R.M.S. Relot.h-'3 a-·1-cr = f!.0)41 110.3 
11:o< inun re 1 . e""T-cr • -0. 0;40 ot~ ,e,,:r,p le 8 

r-t.nt,.,- or t.riol" u= 9 .......... 
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°' (X) 

NO 78 SB RlB 

Azimuth 140° 
August 1989 

Interpretation 

Geological 
classification 

Alluvium 

Till 

Old Red Sandstone 

10,~: -r----,--T 
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E 

g 
~ 

J) 

7581 8055 Hawkhill Fam 

Lithology Resistivity 
(ohm •I 

Soil 282 

Cobble, gravel, dry 2043 

Clay, sandy and 354 
gravelly, damp 

Tuff 81 

?Tuff 260 

,.:._ --
"\ 
_\ 

I\ 
\ 

I\ 

Overburden O. lm 
Mineral I 0.8m 
Waste 2.0m 
Bedrock -

Thickness Depth 
(m) (m) 

0,1 0.1 

o.a 0.9 

2.0 2.9 

26.1 29.0 

- -

t>< 
) 

.., 
U) 

I\ 
'~'- I I I I I 11111 I I I I I 111*-,~n~rnitl 

[', 

UI 
w 

ll'. 

~ 
} 

··---•--'*-•· --+-f-t-t---t~t-+----•---+··-•-•-. 

~ I I I 111111 I I I 111111 I I !]TI .. 

10. +---~-~-~~~~~-r----~-~~~~~~-'-11---~--~~~~~~~ 
0.1 ,. 10. ""· 

E led.rode Sep::rat icn / Dept.h (m) 

ll'A..IT o:lTA 
Electrcde 
~irg A C 01 ce B 

0.5 483.0000 468.0000 363.0000 2?5.0000 15.,930 
1.0 248.0000 234.0000 197.8000 11l0.1000 13.81'E0 
2.0 67.3:l!E 63.11:J!E 63.9000 71.11:J!E 4.1000 
4.0 14.:nl'I 14.03'!0 12.4cffl 13.460:! 0.3'100 
8.0 2.SG:E 2.7900 2.4300 2.1330 0. 1,9; 

16.0 1.1640 1.0820 0.9880 0.8150 0.0-;,,;e 
32.0 0.6970 0.ffi40 0.SSS0 0.52'20 0.0389 
64.0 0.4760 0.4380 0.39:E 0.4503 0.0260 

AaXESS11'G l<E9.L l'5 

Electrode w,,....,.. ~ orr .... t. Lot.era( 
Spr.,c i,-g ~i:,tiv1~ &-rcr &-rcr &rcr 

0.5 1e!E.17 -0.0016 -0.2759 0.2870 
1.0 1186.58 0.0008 -0.ES:?? 0.1703 
1.5 1189.72 
2.0 8'18.23 0.0015 0.1067 -0.8364 
3.0 Si'S.24 
4.0 3:S.22 -0.0007 0.0804 -0.0241 
6.0 145.IE 
8.0 114.61 -0.0019 -0,1316 0.0628 

12.0 10?.54 
16.0 90.63 0.01E4 -0.1919 -0.16:E 
24.0 94.23 
32.0 108.67 0.0e69 -0.1'&6 -0,2'261 
48.0 132.SIE! 
64.0 169.50· 0.0255 0,1352 0.0000 

R.M.5. ~lcrol &-rcr • .0094 
R.M.S. Off....t. w..-.-.r Oiff.........-c.e • .1"98 
R.M.S. Potent.lot L.cct:e- Dtrr...---ce • .3573 

FIEl..D ~ D=llA 11:fTEff'RElED MXEL. 

E I ec lro:le ~ Ref lect.icr, 
~I.ion Res i st.iv I t.y lhi~ DspU, f;t-o Coefft.s. 

1 0.5 1EH:'. 17 0.11 287.7 
2 1.0 1186.S8 
3 1.5 1015.00 0.11 -------- 0.7531 
4 2.0 848.2'3 
5 3.0 S7S.24 0.79 2042.G 
6 4.0 325.22 
7 6.0 155.00 0.93 -------- -0.7050 
8 8.0 114.61 
'J 12.0 93.00 1.96 353.5 

1~) 11;. I"! S0.G"3 
11 24.0 94.23 2.86 -------- -0.629.i 
12 32.0 108.67 
13 48.0 13?.~ 26.13 81.4 
14 64.0 169.50 

28.99 0.523) 

~~.t-1.S. Relot.1, .. .-. t"'.t'"n-::.-· = -~.ITT~ 21:E.2 
l .. h·,:lnun n~l. •:"J" 1·0, ,~.1.J;t;1 at~ ~le 4 
f1..sri;,,:,· 1.:>f b· luL'!, VJX!l ~..J..1 ......... 



I\.) 

°' ID 

NO 87NB RlA 

Azimuth 180° 
August 1989 

Interpretation 

Oeological 
classification 

AlluviWI 

?Old Red Sandstone 

8501 7968 

Lithology 

Soil, silty, dry 

Oravel, dry 

?Conglomerate, 
decomposed 

?Lava, decomposed 

71.ava 

·' 

11111 of Barru 

Resistivity 
(oha •I 
---

240 

2257 

386 

22 

79 

Overburden O. lm 
Mineral I 1 . lm 
Bedrock 

Thickness Depth 
(ml (ml 

0.1 0.1 

1.1 1.2 

2.4 3.6 

12.6 16.2 

Hill. ·,·=---,-·-,--,-.~~-r -·· ""-..,_ 
----•-·-1-1 't' I I I I I I '>', ,-r: I I l 11111 =J=l\l=1~1{IJl:~:. I I 1-H-

'i1 i\ 

g t--+ I I I I I 111 I I I 1\H-H- 1- 1-+•-
~ 

J1 
I I I I I I I I I I I t--1-t-J\H+ ·I-

,J 

.) I\ ,, 
Ill 

·~,. +-1-1=t=t=t: 
-•--·-l--l-f-t·-•=l-i\lt==-==1==t='-··H-,-•-•· 

fil 
IY. 

~ 
}. 

----·•·-.. --+-+-f·-t-t-H-----+--<1--+-+-
---1-1-1 I I 1111 I 1-H ---l--l· ~--1"-H+l .,, 

Ii I .J<"' 
~~ 

~- I 
0.1 ,. 10. 100. 

E lec.tror..ie Sef:r.rot. i,:r, ,,, Depth Crn) 

llfUT D'ITA 
Electrode 
Spcclng A C: 01 te B 

0.5 4:S.0000 414.0000 293.0000 285.0000 20.8000 
1.0 273.0000 256.0000 208.0000 185.2000 17.2800 
2.0 119.c.UiE 112.51?00 1051.51?00 86.601!E 6.6400 
4.0 c3.40e0 2'2-~ 22.8000 2'2.2000 0.59'50 
8.0 2.1503 2.05"00 2.2400 1.5130 0.0487 

16.0 0.4770 0.4510 0.~ 0.3210 0.0257 
32.0 0.3£0 0.2930 0.2190 0.2090 0.0210 
64.0 0.2180 0.28::0 0.1515 0.1590 0.0156 

PRXESSJN. I.E9.L TS 

Electrcrlo w,,...,- ~ orr:oet. Lat.er-al 
Spccirg ~istivit.y Erro- Error- Error-

0.5 885.93 0.0EH5 -0.1206 0.1719 
1.0 1235.2? -0.0010 -0,1160 0. 104'5 
1.5 1'.Bi.a:! 
2.0 12:E.13 0.ea,5 -0.2336 0.14::6 
3.0 9:6.80 
4.0 SEo.49 0.EDE -0.EB'i? -0.3388 
6.0 231.53 
B.0 94.32 0.EES:3 -0.387'1 0.156? 

12.0 42.13 
16.0 33.53 0.0006 -e.0?50 0.049? 
24.0 37.?9 
32.0 43.03 -e.een -0,046? -0.0186 
48.0 54.17 
64.0 62.43 0.01£3 0.041!3 0.0000 

R.M.s:·-~1cra1 Crl-cr • .01a;; 
I". M. S . !), fr.,;._ w,-r.,- !) i ff ..---c.,, • . 1745 
R.M.s: F·~,,r,lic,l l.r,jb· 01rr ........ "" • .1?04 

FIELD OJa£ D'll'R INTE~O M:cEL 

E lect.rocle ~ Reflect. ion 
SEp:rollon Resl5l.lvlt.y lh lcl<rese. ~ Fih:) Coeffts. 

1 0.5, 885.93 0.12 240.3 
2 1.0 123;;.27 
3 1.5 1285.00 0.12 -------- 0.B07S 
4 2.0 1232.13 
s 3.0 iS:'1.00 1.10 22S6.6 
6 4.0 566.49 
7 6.0 231.53 1.21 -------- -0. 7078 
8 8.0 94.32 
g 12.0 37.00 2.43 3l.l6. 1 

10 16.0 33.53 
11 2'1.0 37.?9 3.G6 -------- -0.8914 
12 :E.0 43.03 
13 48.0 54.17 12.58 22.2 
14 6'1.0 62.43 

16.23 -------- 0.5631 

R .M. S. Re lot. il.e. erro-- = fl. Ee44 
79.3 t'b>< inun re I . er-ro- • -0. 034S ot.. :,cnp le 10 

N..rrl:e-- of t.,- ,.., I:> w:e . 11 •••••••• 
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0 

NO 87 NB RlB 

Azimuth 120° 
August 1989 

Interpretation 

Geological 
class! fication 

Alluvium 

?Old Red Sandstone 

1000. 

~ 

E 

g 
~ 

Jl 
~ 
~ 
,J 100. 
,n 
,n 
w 
~ 

t 
} 

10. 

0.1 

8501 7968 Iii 11 of Barras 

Overburden O. lm 
Mineral l 0.9m 
Bedrock 

Lithology· Resistivity Thickness Depth 
(ohll •) (m) (m) 

-
Soil, silty, dry 244 0.1 0.1 

Gravel, dry 2306 0.9 1.0 

?Conglomerate, · 236 1.8 2.8 
decomposed 

?Lava, decomposed 28 17.9 20.7 

?Lava 79 

""' . 
' " \ -

\ 

\ 
>-- ,_ -,- . -

\ 
\ 

\ I>\ 

v 
I-*--:< 

...... 

1. 10. 100. 

E lec.t.ro:le Se,-xrat. io, / Depth (m) 

'I 

ltf'UT [)'lll'l 

ElectruCi!! 
~i.-g A C 01 c:e B 

0.S 423.00':0 400.1:lEm 272.00':0 290.00':0 23.6000 
1.0 284 . l'l:B:l 257. l'l:B:l 211 . l'l:B:l 1!le.10EE 16.1400 
2.0 86.9EU! 80.0000 80.3:l00 85.9EU! 6,9!'00 
4.0 10.2800 9.8000 12.5000 14.8700 0.3880 
8.0 0.9170 0.86311 1.1090 0.8210 0.li:670 

16.0 0.47.E 0.4490 0,:E90 0,3:B:I 0.02<15 
32.0 0.29<10 0.2710 0.2110 0.aB! 0.0216 
64.0 0.1990 0.1870 0.1390 0.1470 0.0152 

PAIXESS!tG l<E9..L lS 

Electro:ie Werrer °""""'"'-" orr .... t, Lat.era! 
~irg ~i~llvil.y Error- E:rrcr En-er 

0.5 882.79 -0.0014 0.0641 0.0890 
1.0 1266.313 0.00:E -0.0938 0.2925 
1.5 1271.46 
2.0 10<14.27 -0.0007 0.06'7<i -0.7285 
3.0 7313.63 
4.0 343.94 0.001£ 0.1732 -4.4316 
6.0 28.48 
8.0 48.51 -0.EElJ -0.2984 -0.8177 

12.0 23.68 
16.0 32.72 -0.0011 -e.eeis 0.0926 

32.0 41.82 0.00<18 -0.€018 -0.f649 
48.0 52.0? 
64.0 57.50 -0.0160 0.e659 0.l!E00 

R.M.S. ~lcral En-er • .0061 
R: M. 5 , Off :,et. Werrer O i ff""""°" • . 1 :E7 
R. M. S. Pot.a-lt. lo 1 L..a:t:IEr DI rr ...-ere.a a • • n • 

F 1Et.0 CI.J<'..£ D'llR JNTERPRETED MXEL 

E leclrode ~- Ref lecl icn 

S€p:ral ten ~l,;llvlt.y 1h I cl<t-es,; ~t.h J.t--o (03rft&. 

1 0.5 882.79 0.11 244.3 
2 1.0 la:36.38 
3 1.5 11S0.00 0.11 -------- ~ 8El84 
4 2.0 10'14.27 
s 3.0 610.00 0.93 23£.6 

6 <1.0 343.94 
7 6.0 100.00 1 :04 -------- -0.8141 

8 8.0 48.51 
g 12.0 33.50 1. 78 236.2 

18 16.0 32.72 
11 2<1.0 38.00 2.82 -------- -0.~ 
12 32.0 41.82 
13 48.0 52.07 17.88 27.7 
14 64.0 57.50 

20.69 -------- 0.4798 

R.M.S. Relol.i<..e a--ro- 0.0339 
r-b>-imJm rel. e--,,-cr • 0.0899 at ~le 

78.9 

l'l.nt:er a r tr io I:, ,....c,:, 3il •••••••• 
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