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ABSTRACT

Widespread shelly carbonate sands and gravels have been revealed

by a reconnalssance of the seabed north and west of Scotland using
IGS samples and geophysical data supplemented by material from
further shipboard work. The carbonates cover large areas of the
platform around Orkney and Shetland, and are generally less than 1m
thick, although possibly reaching 30m in sandwaves and sandbanks
around Orkney. Further west the deposits are rarely over 1m thick,
smaller, and more isolated, except on the large platform west of the
Outer Hebrides. Coastal carbonates occur 8s extensive beaches and
machairs, and in bays and channels close inshore.

Petrographic analysis, radiocarbon dating and bedforms show that
most of the material is post-glacial and a product of the modern
sedimentary regime. Theoretical considerations of shelly carbonate
sediment transport and bedform formation support this, indicating
that such bioclastic debris is extremely mobile.

The basic requirements for the. formation of these temperate
carbonates are relatively strong currents and low terrigenous input.
These are inter-related and linked to the major controlling factors,
bathymetry and exposure to open sea. Thus carbonate sediments often
occur on bathymetric highs: platforms, shoals and knolls, where rocky
substrates are often exposed, where there are high rates of both
growth and removal of carbonate-secreting organisms, and where the
debris is not diluted by non-carbonate.

Estimates of the reserves of each deposit and the total mass of
superficial carbonate indicate average accumulation and production
rates on the shelf of at least 24 g/mZ /yr. Around Orkney local
accumulation rates may reach 580 g/mé/yr and production rates 97
g/m 2/yr.. An order of magnitude less than for tropical carbonates,
these rates are very similar to those of ancient temperate carbonates
and thus the Scottish sediments are important modern analogues.

The material has considerable potential for commercial
extraction, particularly in the Orkney area.
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Chapter One

INTRODUCTION



I ORIGIN AND OBJECTIVES OF THE PROJECT

During routine survey work to the west and north of
Scotland, the Institute of Geological Sciences (IGS)* noted
apparently modern sediments rich in bioclastic carbonate.
Temperate carbonates were still poorly known on the United
Kingdom Continental Shelf (UKCS) and in view of this, and
their potential as a resource, the IGS awarded the University
of Strathclyde a research contract to investigate them.

The project, using IGS data, would seek to explain the origin

and distribution of carbonate sediments on the Scottish

Continental Shelf (SCS).

The IGS is engaged in a comprehensive examination of the
geology of the United Kingdom Continental Shelf (UKCS). The
Marine Geology Unit, based in Edinburgh, is assigned to mapping
the solid geology and superficial sediments (Quaernary-Recent)
of the seabed over what is essentially the Scottish part of the
Shelf. This is fundamental reconnaissance work, involving the
collection and analysis of enormous amounts of data to produce
regional maps (see pp. 8 - 9 ). In-house limitations of manpower
are such that desirable specialist research projects arising

from the work cannot always be undertaken by IGS staff. It was

in this light that the contract was conceived.

*For brevity, lengthy names used frequently will be quoted
as acronymns following their first full designation. A check

list is given in Appendix 1.



II DEFINITIONS

(]) Area of investigation

This lies to the north and west of the Scottish mainland,
its limits (Fig. 1) being determined by data coverage, the
locations of the most promising areas for carbonate, and the
time available. It covers the whole of the inner shelf west of
Argylishire north of 56°N, through the Sea of Hebrides and the
Minch and across the shelf as far as Shetland. The southern
part also extends westwards from Mull to the continental slope
between 56°N and 57°N. West of Orkney it.a150 reaches the
continental slope between 59° and 60°N. Its eastern limit extends

from 58°N in the Moray Firth to 61°N on the eastern side of the
Shetlands.

(2) Nomenclature

In this thesis:

(1) a "carbonate sediment" is defined as sediment
containing 75% or more of calcium carbonate by weight;
(12) @a "carbonate-rich sediment" contains 50% to 75%

calcium carbonate (Caco3) by weight;

(¢27) a "high-carbonate sediment" contains 50%-100%
CaCO3 by weight;
(iv) a "carbonate deposit" is an area of superficial

sediment mapped as containing 75% or more CaC0, by weightl
( Fig. 2);



(v) an "area of carbonate-rich sediment" is an area of

superficial sediment mapped as containing 50%-75% calcium
carbonate by weight. This may be either as a distinct patch
within an area of carbonate-poor sediment containing <50% CaC03,
or a distinct zone surrounding a carbonate deposit,or a large
tract adjoining both carbonate sediments and carbonate-poor
sediments (Fig. 2);

(vi) "megaripples" are bedfofms recognised from their
external morphologies as having wavelengths of 0.6-30m. They are
equivalent to the "large scale ripples" of Reineck & Singh (1980

(vit) "sandwaves" are bedforms with wavelengths greater
than 30m, being equivalent to Reineck & Singh's "giant scale

ripples”;

(viii) the term “beéch“ includes landward dunes and machair

as well as the actual shoreface;

(tx) Mud, sand, and gravel are terms reflecting sediment

grain size in the sense of Folk (1968).



I[II PREVIOUS RESEARCH

(1) Earlier know1edge of Scottish Recent carbonate sediments

Marine carbonate sands and gravels along the coasts of
Scotland have been exploited for many centuries. Commonly
referred to as "shell sands", these are bioclastic skeletal
carbonates and occur on many beaches of the west coast of the
mainland, the Hebridean Islands, Orkney and Shetland. They
have been used locally for making 1ime cement and improving
the quality of agricultural land (eg. Farrow 1974, Mather et al.,
1974, Leask 1928, 1933).

Hydrographié surveys have been made since the sixteenth
century, largely under the direction of the British Admiralty
(Robinson 1958). The surveys delineated with some
considerable detail the bathymetry and types of sea bottom
and this was presented on Admiralty Charts and specialist

productions such as Close's Fishermen's Charts.

2) Recent development of Marine Geology and Sedimentolog

Introduction of the echosounder in the earlier part of
this century generated much new research on shelf sediments. As
the first continuously recording marine geophysical device, the
echosounder opened up the study of the detailed morphology of
the seabed (eg. van Veen 1935) and created wide interest in modern

shelf sedimentation by relating the morphology to physical



conditions and sediment type (eg. Cartwright & Stride 1958,

Stride ]963,'hﬁ11er 1964, Off 1963, Houbolt 1968, McCave 1971a,
Swift et al. 1973).The greater understanding of shelf processes'which

has resulted can now be applied to specific aspects of modern
and ancient shallow marine sediments. Such detailed work has
begun 1n the shelf seas around Britain (eq. Channon and

Hamilton 1976, Caston 1981, McCave & Langhorne 1982, McCave 1979),
but relatively 1ittle has concerned the shelf to the north and
west of Scotland. A good overall preview by Belderson et. al.
(1971)‘1dent1f1es general associations between seabed types and
current patterns. Kenyon and Stride (1970) discuss the area and
Ferentinos (1976) investigated sedimentation patterns south of
Barra Head. Binns et al. (1974a and 1974b) discussed the
superficial sediments of the Sea of Hebrides in connection

with their IGS work and Bishop (1977) and Bishop and Jones (1979)
similarly covered the Minch, Evans et al. (1980) the Malin Sea,

Deegan et al. (1973) the Firth of Clyde, and Chesher & Lawson
(in press), the Moray Firth.

3) Development of research on marine temperate . "carbonates

Carbonate sediments have long been a focus of interest and
we now have a good understanding of their processes of formation
in many environments, particularly warm waters (Bathurst 1975,
Milliman 1974). Geologists have until recently tended to think
of carbonate deposition in terms of warm water only, but it is
now clear that carbonate sedimentation can also take place on a

large scale in the colder waters (less than 20°C) of the world



(Raymond & Hutchins 1932, Keary 1967, Lees & Buller 1972, Lees
1975, Bjorlykke et al., 1978, Hoskin & Nelson 1969).

As a result several ancient carbonate formations have been
interpreted as temperate deposits, such as in the Tertiary

of New Zealand (Nelson 1978) and in the Lower Permian of

Tasmania (Rao 1981a, b, Clarke & Farmer 1982).

During the last two decades detailed work has been
undertaken on recent carbonate sediments in specific areas
of the temperate seas such as the Rockall Plateau, west of
Scotland (Wilson 1979a,Scoffin et al. 1980), the Connemara
coast (Lees et al. 1969, Bosence. 1973, 1978, Gunatilaka 1975,I

1977, Piessens & Lees 1972) and Galway (Bosence 1979), western Eire,
the northwest continental shelf of France (Boillot 1964, 1965,
Guilcher 1964), Mauritania (Koopman et al. 1979, Piessens &

Chabot 1977), and South Australia (Conolly & Von de Borch 1967,

Wass et al. 1970, Burne & Colwell 1982).

On the SCS, Pendlebury and Dobson (1976) provided some of
the first analyses of the distribution, nature and origin
of carbonate sediments in the Malin Sea area. Cucci (1979)
investigated in detail the carbonate sediments around the
southern part of the Inner Hebrides. His work is a valuable
contribution to our knowledge of recent carbonates on the
western SCS, and he includes a useful review of ancient and modern
temperature carbonates throughout the world. Farrow et al. (1978)
and Farrow et al. (1979) also researched carbonates off the
west coast of Scotland by sediment sampling and work with under-

water television, and Brown (1979) discussed the biological,



Fecologica1, and sedimentological aspects of the generation of
bioclastic debris in broadly the same area. Bowes and

Smith's (1969) preliminary examination of sediments around the

Sounds of Mull and Iona, had encompassed many which were
carbonate-rich. Bishop (1977) made an assessment of the

carbonate contents of the sediments in the Minch. Wilson (1979a,b,c)
published the results of work on the outer narts of the north

and west SCS by the Institute of Oceanographical Sciences (105).

A research group based at the University of‘Aberdeen'surveyed

the beaches of the Highlands and Islands(summarised in Mather and

Ritchie 1977 & Table 1), and included analyses of carbonate

contents of sands.

(4) Justification for the project

Information on Recent temperate carbonates in the world's
seas, including those around Scotland, is amsassing rapidly.
However, much of it is detailed, localised work investigating
carbonate generation over comparatively small areas under
conditions which may not be typical for much of the shelf.

On the UKCS for example, there has been much less regional,

broad scale consideration of the distribution and nature of the
recent carbonate sediments. This is, however, needed to (a)
improve our understanding of the role and significance of our
local carbonates in the overall context of modern temperate shelf
sedimentation, and (b) assess the resource potential of Scottish

marine carbonates.



IV DATA ACQUISITION AND RESEARCH STRATEGY

(1) Work by the Institute of Geological Sciences

IGS offshore survey work, discussed in detail by
McQuillan and Ardus (1977), generally proceeds using:

(1) Geophysical coveragé of an area, generally on a 5-10 km
line spacing, using gravimeter, magnetometer, airgun, sparker,
boomer, pinger, echosounder aﬁd sidescan sonar. Of these,
the latter five tools are the most relevant to assessing
superficial sediments.

(i2) Seabed sampling, whenever possib]e, to obtain grab
samples, sediment gravity cores and vibrocores, and rockhead
gravity cores and drillcores. Additional observational work
may be carried out by sub-aqua divers, and by using underwater
TV cameras, still cameras, the manned submersible Pisces, and
the unmanned submersible Consub 1.

(Z€2) Routine particle size analyses (PSA), carbonate
content analysis and palaeontological analysis.

(<v) Construction of 1:100,000 scale maps from the above

data.

(v) Publication of 1:250,000 scale maps, and a report.

By the time the project began, a Sea of Hebrides Report had
been completed (Binns et al. .1974b), reports on the Malin Sea (Evans et

al. 1980) and the Moray Firth (Chesher & Lawson in .prep.) were in

preparation, and a project on the Minches (Bishop 1977) nearly

- completed.



By that time the main IGS effort had been switched to the
North Sea, but the earlier sampling programme had included areas
to the west, north and northeast of Scotland. With the exception
of Shetland much of the project area had been covered in some
detail, if somewhat unsystematically. Its data base was then
manual, raw data being plotted and extracted by hand on
1:100,000 maps. As the research on the project developed, the
IGS data base was continually improved and updated, but this
unfortunately was too late for much of the earlier work which had

perforce to rely on manual, time-consuming, data-sifting.

This thesis is essentially based on IGS data available
when the research contract . ended. A gqreat deal more has

been acquired and worked up daring 19R0-82 by the '
Institute.

gzz Research Cruises

During the three-year research period, I participated in
seven periods of work offshore (Appendix 2) to gain additional
data and practical experience. Some were legs of the IGS
survey programme, others were collaborative arrangements with the

Universities of Glasgow and Edinburgh, and the Department of
Agriculture and Fisheries for Scotland (DAFS).

3) Laboratory work

A large part of the work carried out at the University of



'Strathc1yde consisted of particle size analysis (PSA) additional
to that done by IGS, and determining the proportions of bioclastic

constituents. (Appendices 9 & 10 ).

(42 General Method

The project has entailed the screening and utilisation of
a large volume of raw data. Over 2500 stations had been sampled
by December 1979, together with many thousands of kilometres

of geophysical coverage. Samples were selected

for detailed work on the basis of their shipboard descriptions
and any PSA data available from IGS. Later on,the IGS made

comprehensive analysis of most of the unprocessed samples.

The data were first plotted on 1:250,000 working maps or,
in the case of some more detailed information (eg. Orkney), on
1:100,000 maps. The final scale for fair maps was 1:1,000,000.
After zones of interest were delineated, all geophysical data and
core data etc. were assembled to gain a maximum insight into the
distribution, morphology, thickness etc. of the sediments. When
the occasion arose extra shipboard work was carried out at particular

locations (eg. Sandy Riddle, pp.121-126). In general, of course,
the research had to be conducted on the basis of data already

available.

- 10 -



(5) Thesis layout

In Chapter 2, background information is given on the geology
and physical regime of the SCS, so setting the scene. The
carbonate deposits are then systematically outlined in as much
detail as is available (Chapter 3). The descriptive sections (II-
VI) are factual accounts with a very limited amount of interpretation
(eg. carbonate thicknesses, sediment derivation, transport
directions etc.). Section VII assimilates all the petrographic
data from the previous sections and makes shelf-wide comparisons
and deductions on their environmental and sedimentological

significance.

Chapter 4 is the main interpretational part. An insight 1is
gained into (<) the hydrodynamic behaviour of shell sand and
(i) the effect of tidal and wave currents acting in unison on the
-seabed. This is then applied to the carbonate deposits, further
elucidating their sedimentological behaviour (section III). In
section IV the carbonate's age and history is discussed along
with the problems and significance of radiocarbon dates so far
acquired. Finally section V classifies the types of carbonate

deposit and outlines their mode of formation.

Their geological significance is considered in Chapter 5 in
terms of carbonate production and accumulation rate and the

preservation potential of the sediments. Chapter 6 investigates

- 11 -



the deposits' economic significance; calcium carbonate is an

important resource.

A comprehensive summary of the main conclusions of this

work is given in Chapter 7.

- 12 -



Chapter Two

GENERAL SETTING



I INTRODUCTION

The area investigated lies offshore of the Scottish Highlands
and Islands, and extends to the continental edge some 200 km
distant. The Scottish coastline is intricate and variable;
generally rocky but diverse, with beaches and shorelines
exposed to the open sea, and sheltered channels and fjords. It
is comparatively remote and lightly populated with only some
localised heavy industry. Commercial activity offshore is mainly

fishing and merchant shipping passing north and south.

_‘]3_



II TERTIARY-QUATERNARY HISTORY OF THE SCOTTISH SHELF

The overall configuration of the SCS was established at
least as early as the beginning of the Tertiary (~ 65 m.y. BP).
Major factors affecting its subsequent palaeogeography have been
eustatic changes in sea level, tectonic subsidence along grabens

(notably in the North Sea), marginal uplift, and Pleistocene

glaciations.

Since the early Palaeocene the shoreline, initially located
réugh]y at the top of the continental slope, has retreated across
the shelf. A major setback took place in the Miocene when uplift
forced the sea back neaﬁzghelf edge again (Anderton et al. 1979).
Following that period, the shoreline probably retreated to
approximately its present position, until the onset of Pleistocene
glaciation (~ 1.8 m.y. BP). Entrapment of water during phases of
expanding ice caps then produced massive eustatic falls in sea

~level, exposing wide areas of the shelf.

During the periods of subaerial exposure, the shelf was

deeply eroded. Rivers from the Highlands crossed it, cutting

major valleys, some of which are still recognisable from the

bathymetry of the outer shelf (Bishop and Jones 1979).

The detailed history of the pre-Devensian glaciations is
poorly understood, because the stratigraphic record is very limited

.yet complex (Anderton et al. 1979). The last glaciation took place
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during the late Devensian period, between approximately 22,000
and 12,000 yr. BP. Although at an earlier period an ice-sheet

covered much of the continental shelf as far out as St. Kilda

(Sutherland et al. 1982) it was more restricted in the Devensian

and ablating rapidly by 14,500 yr. BP. Sea level droppned as far as 100

or 150 m below present 0.D. (Sissons, 1967, Anderton et al. 1979).
Estimating the positions of the shoreline, and hence water

depths, since then is difficult because they were determined by
two interacting factors, each somewhat uncertain in magnitude:
eustatic sea level rise (due to melting ice caps) and land-level
rise (due to isostatic rebound). However, the isostatic effects
on the shelf away from the mainland are thought not to have been
great (Sissons 1967), and the best estimate for the shoreline
position after the Devensian glaciation (112,000 yr. BP) is
probably at the present 120 m bathymetric contour (Bishop and
Jones 1979). During the following 1-2,000 years sea-level appears
to have risen rapidly, slowing down and reaching its present
levels between 6700 years and 5500 years ago (Fig. 4, Anderton

et al. 1979 and Bishop and Jones 1979).

Coastlines and water depths on the shelf have thus been rela-
tively stable for the last 6700 years. Water depth is probably
increasing steadily by up to 1 mm per year at the present time.
This seems likely to continue in the near future, though there is
always the possibility of a sudden eustatic increase due to rapid

melting of polar ice caps (particularly Antarctica); or other causes.

Since the end of the final glaciation (Loch Lomond readvance
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at about ~10,500 yr. BP) the British climate has ameliorated
until 1t reached it warmest about 7000 years ago. Temperatures,

generally 1-2°C higher than now, were maintained until about

2500 yr. BP, when they began to decline (Sissons 1957).
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ITII GENERAL GEOLOGY

(1) Sub-Pleistocene

The pre-Quaternary geology of the UKCS is summarised by the
IGS 1:2,500,000 map (Martindale and Chesher 1979, and Fig. 5).

On the western side of the SCS, at its southern end, the
shelf consists mainly of Dalradian metasediments with a strong
NE-SW structural grain and small Mesozoic basins. To the north,
the Sea of Hebrides-Minch Trough marks the site of a larger,
north-south Mesozoic-Cainozoic basin. This is flanked on the
mainland to the east by Pre-Cambrian metamorphic and sedimentary
formations and on the west by the Pre-Cambrian metamorphic
basement of the Outer Isles. The Tertiary igneous centres of
Mull, Ardnamurchan, Skye and St. Kilda lie within this western
area of the SCS.

North of the mainland the Minch diversifies into a wider
series of Mesozoic basins and Pre-Cambrian basement ridges
extending as far north as Shetland. One large ridge of Pre-Cambrian
runs from the west side of Shetland to the north west end of
Orkney. This borders the Orkney-Shetland platform, an area
largely of outcropping Devonian sedimentary rocks with Permo-
Triassic on their eastern flank. This eastern limit of the
platform is a north-south fault (an extension of the Great Glen
fault zone) which cuts through Shetland and brings up a large area
of Caledonian (?Dalradian) metasediments on its east side. Beyond

lies the main north-south faulted margin of the North Sea Basin,

- 1] -



with a generally full succession of Mesozoic-Cainozoic sediments.
To the south is the Moray Firth Basin, an east-west trending

graben containing Mesozoic sediments but little Cainozoic.

2) Superficial (Quaternary) sediments

(a) Glacial (Pleistocene} sediments

In the North Sea Basin, which is still subsiding, the
Pleistocene succession is thick (Holmes 1979, Anderton 1979).
However, west of Scotland it is mostly thin and patchy, generally
preserved only in the bathymetric basins and at the shelf edge
(eg. W. of Shetland). Bouldery material frequently observed lying_
on an otherwise clear, sandy or rocky seabed is probably mostly
reworked glacial debris. Thus undisturbed glacial sediments
are often absent on the shelf around Shetland, Orkney, north of the
mainland, and west of the Outer Hebrides, whereas they are common
and up to 150 m thick in the Minch (Bishop and Jones 1979) and the
Sea of Hebrides (Binns et al. 1974a and 1974b). Small pockets have
also been observed around Shetland. Most of these sediments appear

to have been deposited during the final stages of the last

(Devensian) glacial period, any earlier sediments have been removed

by later glacial erosion.

Iceberg ploughmarks are still detectable on some of the
undisturbed Pleistocene sediments, particularly in the deeper water

at the edge of the SCS (Lee & Ramster 1981).
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(b) Recent (Holocene) Sediments

Holocene sedimentation has been studied extensively in the

North Sea (eg. Klien 1976, Eisma et al. 1979, Owens 1981, Lee &

Ramster 1981). Sediments are commonly argillaceous quartz-rich

sands, locally cleaner and more calcareous in some places.

Belderson et al. (1971) demonstrated that, over the outer
continental shelf to the north and west of Britain, the Holocene
forms a highly mobile veneer on the seabed, with all the features
of tidal and wave-current transport. Many of the sediments
are bioclastic sands and gravels (Wilson 1979a,

Ferentinos 1976). In places, particularly around Orkney, very
large bedforms (ie. sandbanks) have been noted (Chesher & Lawson

in prep .; see also pp. 9931 ).

On the inner shelf to the west of Scotland, the sedimentary
pattern is much more complicated, varying from gravels and boulder
beds to silts and muds (Evans et al. 1980, Pendlebury and Dobson
1975, Binns et al. 1974a, Bishop and Jones 1979). Rockhead exposure
1s common, predominating along the coastlines of much of the

western and northern seaboard and islands, and also patchily exposed

over much of the shelf where sediments are thin and mobile (Fig. 6).

The terrigenous sediment pattern, very important to the
distribution of carbonates, is largely the result of marine
reworking of glacial material on a glaciated topography (eg.

Ferentinos  1976). The rock basins, lying inshore of but often

deeper than much of the shelf, have seabeds which are very
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sheltered from wave-currents. Many are efficient sinks for

fine grained terrigenous material, derived both from surrounding
reworked glacial drift and run-off from land (Fig. 7). Thus, much of
the outer shelf and the relatively higher parts of the inner

shelf are kept clear of fine grained sediment leaving clean sand,

gravel, boulders and bare rock (Figs. 6 & 8).

The beaches, at the landward end of the marine sedimentary
system, are as variable as the seabed offshore. O0ften, the
coastline is rocky, bouldery and cobbly with the seabed plunging
steeply into deep water. By contrast, shallow muddy estuarine
tidal flats are commonly at the heads of sealochs and sheltered
bays. Sandy beaches are also common along parts of the Scottish
coastline where there is a gentle shelving platform offshore.
These are sites of net sand deposition, and can form large systems
of offshore bars, foreshore beaches, back-beach dunes, palaeo-
beaches (including raised beaches) and palaeo-dunes. Where the
sediment is ca]caredus, the vegetated landward expanse of dunes

and old beaches forms fertile ground, called 'machair’.
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IV PHYSICAL CONDITIONS

(1) Bathymetry

This is summarised in Figure 3. The fjords, sounds and
channels of the mainland west coast and Inner Hebrides are related
to an inten5e1y variable seafloor topography which, in places,
plunges from near sea level into overdeepened rock basins over
200 m deep (Sissons 1967). These were formed during the Pleistocene
by ice from the main sheet on the Western Highlands. The basins
generally follow the structural grain of the seabed geology, ie.

NE-SW in the south and SE-NW in the north.

Glacial influences on the bathmetry die out westwards across
the continental shelf. The outer continental shelf has a more

gentle morphology, though there are some large depressions such as

the Flannan Deep and the northern and southwestern extensions of the
Minch Trough, and upstanding features such as Stanton Banks, Nun

Bank and Solan Bank which produce major shoals.

Worldwide , the edge of the continental shelf is often taken as
the 200 m bathymetric contour. West of the mainland, however, the

150 m contour effectively defines the top of the slope, while west of
Shetland it is the 180 m contour,

The angle of the slope varies from 6° in places (Binns et al.

1974b) to 0.5° in others (Fannin pers. comm.).
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Northwards, towards Orkney and Shetland, the slope and
outer shelf topography become more complicated. A large steep-sided
basin up to 150 m deep occurs northwest of Orkney, linked by a
narrow trough to the main slope. The slope approaches close to
the northern end of Shetland, lying only 50 km north of Muckle
Flugga. The shelf around Shetland was affected by glaciation

(Flinn 1978) and has numerous troughs and channels.

The entire shelf off the northern mainland, around Orkney
and in the northern Moray Firth, is a platform not more than 90 m

deep. Eastwards, it shelves off into the northern North Sea, which

reaches depths of over 150 m in the central parts.

§2) Currents

(a) Tidal currents

Tidal patterns on the UKCS have been reviewed by Huntley (1980).

The basic elements of surface tidal behaviour on the SCS are

summarised in Figure 9. The situation is locally very

complicated, particularly close to the coasts and islands. Thus

although Figure 9 suggests-maximum tidal currents of
250 cm/sec occur, speeds of up to 500 cm/sec are actually known

in the Pentland Firth (Fig. 52b). In general tidal currents are

strongest on submerged channels and around peninsulas, decreasing

seawards onto the open shelf.

o semec~
Tidal current variations are mainlﬁzdiurnal and fortnightly,
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in response to 'neap’ and 'spring' cénditions, although there are
other Tong term variations. A visual appreciation of the overall
variation in strengths between neaps and springs is gained by

plotting the two extreme tidal current curves (Fig. 10 ). Day by

day the curve progresses from one extreme to the other.

Such diagrams vary from place to place. They cannot be easily
summarised numerically, but their magnitude and temporal variability
can be appreciated from the peak spring current strength (PS) and
the peak neap current velocity (PN). During the progression from
neaps to springs the current velocity will exceed the peak neap
value for progressively longer periods. For a full neap-soring cycle,
the proportion of time during which they exceed the peak neap
strength is represented by the area under the spring curve and
above the peak neap line. Similarly the proportion of time during
which the currents are below peak neap strength is given by the
sum of the areas of those parts of both curves underneath the peak

neap 1ine (Fig. 10 ). The peak neap exceedance time (PNET) varies

between about 40% and 60%.

The overall tidal current activity can then be illustrated by
quoting the values and directions of PS and PN, and the value of PNET.
Sedimentologically, the maximum current strengths are important,
and PS illustrates these extreme conditions. However, duration is also
an important factor and the use of PN along with PNET may give a

better picture of the long term current pattern.

Near-bottom tidal currents are not as well known as those at the
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surface. van Veen (1938) demonstrated that in a straightforward
tidal channel such as the Dover Straits the current strength
decreased parabolicaly towards the bottom (Fig. 11 ). In the
open sea, however, this simple behaviour may not always occur,

due to the presence of internal tides. These are caused by
vertically distinct bodies of water, usually differing in density,
behaving independently. In this case there is no predictable

decrease of velocity with depth, and no consistent current direction

through the water column (Huntley 1980).

Much of the tidal data in this work is based on Admiralty charts,
tidal stream atlases and pilots (eg. Hydrographer of the Navy, 1973,
1974a, 1974b, 1975). Unfortunately this is not always sufficiently

detailed or accurate.

Tidal current conditions at specific localities will be discussed

in Chapter 3. Probable minimum velocities for 1 m above the seabed,

given on the Carbonate Deposit Summary Sheets, are calculated from

van Veen's (1938) formula of:
v = as'%/'ﬁ""
where v = velocity h metres above seabed
a = velocity | metre above seabed.
This approximation is good enough for present purposes, bearing

in mind that other errors may be substantial. Values for surface

tidal currents are often not available for the precise location

required and have to be extrapolated from elsewhere. Further, it

is necessary to assume that there is a single, unidirectional

- tidal current from surface to seabed, and this may not always be correct.
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gbz Wave currents

Wave data have been gathered from several locations on the
UKCS (eg. Draper 1967). Although limited, they are used for

the empirical analysis of wave behaviour. Wave conditions and

bottom current conditions at a given location can also be estimated
from the fetch, water depth, wind duration etc. (Darbyshire and

Draper 1963, Draper and Squire 1967, Draper and Fricker 1965,
Hadley 1964, Draper 1980).

Surface waves will affect the zone of water down to a depth
of at least half their wavelength (Anikouchine and Sternberg 1981).
Because the maximumlwavelength of oceanic stormwaves 1s about 400m,
the whole seabed of the continental shelf can be affected by

waves.

Maximum wave heights likely to occur over the SCS are shown
in Figure 12. Further indications of wave conditions at a
specific location can be inferred from the tables of Darbyshire
and Draper (1963)§ Seabed orbital current velocities are mostly
estimated from the frequency curves and maps of Draper (1967) and
Draper (1980). These (Fig. 13) give the frequency of occurrence
of certain significant peak particle speeds (SPPS) for different
water depths, based on surface wave measurements at specific
localities. Maximum particle speeds 1ikely to occur during a storm
are obtained by introducing a ‘particle speed factor' (Fia. 14;

Draper 1967).

The wave height map (Fig. 12 ) shows the attenuation caused by



the continental shelf as the oceanic waves across it. Thus the
seabed peak particle speed curves for OWS stations Juliett and
India (Fig. 13 ) show almost the full, unattenuated effect of
Atlantic storm waves (maximum wave heights of 35 m) whereas the
Sevenstones curves show the seabed effect of waves that have
travelled across 150 km of shelf and been attenuated to 25 m
maximum wave heights. Over the northern and western SCS maximum
wave heights are predominantly between 25 m and 35 m. Hence by
interpolation, seabed orbital velocities can be estimated for a
given water depth. In the more sheltered Inner Hebridean waters,
where maximum wave heights are commonly 15-25 m, the curves

for Morecambe Bay are more relevant. None of the curves are
strictly applicable to the northern North Sea, and interpolation
between the Smith's Knoll and Sevenstones curves will only give
a very crude approximation, because fetches and prevailing winds
are different. Thus the derived velocities will vary with fetch,
bathymetry, distance from shelf edge and other factors, but clearly

err much of the region the oscillatory currents exceed 50 cm/sec

several times per year.

(c) Combined effect of tidal and wave currents

Wave induced bottom currents are essentially oscillatory,
although their resultant vector is often undirectional. They can

therefore induce substantial sediment transport (Komar 1976a

& ]92§2£ McCave 1971b, Kaneko and Honji 1979, J.R.L. Allen 1979,
e .
HonjiL}QBO, Channon and Hamilton 1971 & 1976) but their importance

- becomes paramount when the combined effect of wave induced currents:
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‘and unidirectional tidal currents is considered. Hammond and
Collins (1979) have shown that superimposed oscillatory currents
dramatically reduce the threshold velocity of a unidirectional
current. The longer period oscillatory currents have the greatest

effect.

The combined effect of unidirectional and oscillatory currents

is important to understanding shelf sediment behaviour. The

matter is fully discussed in Chapter 4 (pp. 181-187 ).
d) Storm surges

‘Abnormal’' tidal elevations can be caused by high winds and

large pressure anomalies (Huntley, 1980). If these occur during

spring tides, the associated tidal currents will be higher than

predicted.

(ej Overall water movements

Net water movements show a general clockwise drift around
Britain (eg. Craig 1959, Livingston and Bowen 1977, Lee & Ramster
1981). Surface and bottom movements are summarised in Figures 15

& 16).

(3) Water temperatures

Much of the area investigated is directly influenced by the
North Atlantic Drift, which is a wind-driven surface current

stemming from the oceanic Gulf Stream. Surface temperatures vary
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from 7°C in the winter to 13°C in the summer (Fig. 17). The
eastern and northeastern parts of the area show the lowest

temperatures and greatest fluctuations. Sea-bottom temperatures

in the winter are only slightly lower than at the surface, but in
summer a small thermocline results in the bottom temperatures

being up to 5° cooler (Fig. 17).

Prior to the climatic cooling of 1°-2%c 2500 years ago

(p. 16 ), the water temperatures were presumably higher than at

present.

(4) Salinities

Surface salinities over much of the area are determined by
the balance between predominant Atlantic waters and continental
run-off. They are generally between 34.5 and 35.3% out can be
lower towards the coast. The geographical and seasonal variations
are shown in Figure 18. In coastal waters susceptible to
high freshwater run-off the vertical variation with depth can be
extreme due to the lack of vertical mixing. This effect dies

away rapidly seawards and salinities out on the shelf vary

only slightly with depth.

(5) Photic Zone

The depth to which biologically useful sunlight penetrates

seawater exerts a critical control on the marine ecology and

biological productivity. A useful guide is the 'compensation depth’,

i.e. the depth at which plant photosynthesis equals respiration.
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For the bulk of the marine plants this is the depth reached by
1% of the sun's radiation falling on the water surface

(Anikouchine and Sternberg 1981).

The outer shelf, with predominantly clear Atlantic
oceanic water, has compensation depths as deep as 80-100 m.
Shorewards the depth decreases to as little as 10-20 m.
Because sediment agitation and mixing is heavily influenced by

the weather and tides, compensation depths over the SCS will vary

considerably in time and space.
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Chapter Three

THE CARBONATE DEPOSITS : DISTRIBUTION AND
CHARACTERISTICS



I INTRODUCTION

(1) Methodology

The main facts concerning the carbonate deposits and
associated sediments on the SCS will now be presented. The data
for each deposit are summarised on a Carbonate Deposit Summary
Sheet (CDSS). Semi-quantitative descrip@jons of the physical
conditions and sizes of the deposit are given, together with a
petrographical summaries. The bottom current velocities are

second order approximations calculated by extrapolating from

published data (see pp. 22-24 ).

(2) Total CaCO3

The surface sediment carbonate distribution on the SCS is
summarised in Figure 19 and Enclosure 1. Carbonate content in
individual sediment samples was measured usij®g acid digestion

techniques, giving the proportion of CaCO3 by weight.

The sizes of the deposits and their total CaCO3 contents are

crudely estimated, yielding ;n appreciation of the overall magnitude

of carbonate deposition. Their boundaries are i1l1-defined and the

thicknesses poorly known, but order-of-magnitude estimates can be

made. For example, in many areas where carbonate sediments are noted,
side-scan sonar, echo-sounder, pinger, boomer, cores, and direct
visual observation (eg. television) can be used to infer that the

sediment thickness is mostly less than Im, sometimes absent (leaving

- bare rock exposed) but generally at least several centimetres. A"



reasonable estimate for the average carbonate thickness would be
0.1m. Such estimates, though crude, nevertheless shed light

on the nature of carbonate deposition on the SCS. Only where
sediment thicknesses exceed Im and geophysical profiling is
carried out, may the degree of accuracy be improved. However,
without good core data it is not possible to be sure that these

thicker accumulations are entirely carbonate sediment.

To illustrate the usefulness and limitations of these estimates
the most likely maximum and minimum average values will be cited
for the volumetric calculations. Conversion from volume of sediment

to weight of carbonate is carried out using bulk densities

determined in the laboratory (Fig. 20).

3) Petrographical properties

Numerical values for petrographical prooerties (composition,
roundness etc.) on the CDSS are quoted as computed 'means’, in one
case based on the samples from within the .deposit, and in the second
case, on other samples (normally carbonate-rich) from the area
around the deposit. Although the density and number of the sample
stations used is normally exceedingly variable, and these 'means’
are therefore not statistically rigorous, the values are extremely
important for regional evaluation of the carbonates. Grain
characteristics were assessed visually using the scales listed
in Table 2. The detail and ranges of the scales are designed

specifically for shelly sediments, easily recognisable differences

being recorded without introducing spurious "accuracies". Where a .
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visual observation (eg. roundness) is quoted as a range, the mean

value is used. The use of coarse scales ensures that the visual
estimates are reliable. Consequently, their average values can
be taken to one decimal place when comparing different groups.
Tenths of a unit are of course not significant in relation to the
original scale, but the difference between averages of,say, 3.1

and 3.7 for roundness can be significant, when dealing with

"averages" of two groups.

(4) ComEonents

The principal carbonate components, debris from barnacles,
bivalves, echinoids, gastropods, serpulids, bryozoa and foraminifera
(for examples see Figs. 21-24, 145-15), and Appendix 6), were
identified according to Milliman's (1974) criteria. Point counting
was carried out on a grid, following splitting and slit sieving
of the sand fraction (0.0625 mm- 2 mm), so that volumetric (and

weight) proportions could be derived (Lees et al. 1969). Gravel

sized (>2 mm) fragments were hand picked and weighed. Percentages

quoted normally represent the proportions of components in the

recognisable carbonate fraction (Appendix 10). No detailed

taxonomic identifications were made. This aspect is very thoroughly

covered by work at the IOS (Wilson 1975, 1976, 1979a,b,c, 1982).

(5) Maturity

§a2 Definition and use

The maturity of a sediment is a measure of how nearly it approaches

an ideal stable state (Whitten & Brooks 1972). For temperate carbonates

the ideal state may be as a micritic mud (eg. Fitzgerald et ail. TomS), .
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or solution. It is more useful therefore to regard the maturity

of, for example, a shelly sediment as the amount by which it

deviates from a fresh, poorly sorted gravel consisting of very
angular, unpolished, unstained, unbored grains. Most grain
characteristics reflect to some degree the extent of particle
breakdown and can be useful, if crude, maturity indicators.

Deductions might then be made on the sedimentological history

of skeletal carbonate grains since the original organisms died.

Major factors determining this history will be (7) time (ie. age)

and (72) degree of current working (exposure to currents, current
strengths, interaction with other particles, periods of burial, etc).
Nevertheless, the relationship between grain breakdown and sedimen-
tological history 1s more complex than for lithic grains because,
besides mechanical action (Chave 1964, Driscoll 1967, Trewin & Welsh 1972)
Cucci 1979), chemical action (Alexandersson 1975, 1979, Lewy 1981) and
biological action (Milliman 1974, Farrow and Clokie 1979) are also
very important in shell breakdown. There is also considerable

variation between different organisms in the durability of their

debris to these processes (Chave 1964, Farrow and Clokie 1979).

(b) PSA and Sortin

In general the particle size analysis (PSA} of a sediment (Folk 1968),

particularly its mud content, gives an indication of the contemporary

degree of current activity at the sampling site. For carbonate
particles, however, the relationship may be more complex, Thus a
coarse sediment may indicate transport or sorting (including

_ winnowing) by strong currents, or simply lack of strong currents
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‘which would otherwise help to break down the particles. Generally

however, the greater the degree of current activity (in strength and

time) the more the particles will .be broken down and the finer the
sediment becomes. Sorting should also reflect maturity, but it 1is

difficult to assess visually.

gc2 Roundness

This should be a good maturity indicator but caution is needed

in interpreting it because well rounded shell fragments in a mature

sediment can be broken down into angular pieces (eqg. see Pilkey et

al. 1967).
(d) Surface polish

On occasions, polish can be useful, but it may be confused with
the natural shine on fresh shell debris (particularly bivaives).

This is frequently lost soon after death (eg. Farrow and Clokie

1979), leaving a dull matt surface.

gel Staining

In some of the sediments many carbonate grains show brown
ferruginous or black manganiferous staining. The causes are not

clear (Owens 1981) but the intensity of staining might be expected

to increase with time and therefore reflect maturity.

(f) Borings

Shell debris on the seabed is frequently subjected to boring by
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s;maH sponges and algae (Milliman 1974). This takes place
preferentially where the debris is least disturbed - ie. where
current activity is low but sufficient to prevent mud accumulating.
Farrow and Clokie(1979) noted that extensive boring was most common
among the larger fragments. This could result from their being
more static than smaller grains, and are consequently (<) more
favoured by boring organisms and (<Z<) less prone to mechanical

distintegration.

(92 ComEosition

The components (p. 32 ) of the sediment may give an
indication of maturity, with more durable constituents being more

prevalent in more mature sediments.

gh) Maturity Index

The Maturity Index (M) is an experimental tool, devised in
an attempt to indicate the overall maturity of the carbonates
and carbonate-rich sediments. It is calculated from the grain

characteristics as

M=-§§§§-+ So+R+;+ St+B

where GS is the numerical value for grain size
So is the numerical value for sorting
R 1is the numerical value for roundness

P is the numerical value for polish
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St is the numerical value for staining
B is the numerical value for boring
(See Table 2 for the above scales)
The theoretical range of the scale for M is from 2.5 to 21,

increasing with maturity.

Grain size and polish are arbitrarily halved in the formula
because when it was devised they were seen as being likely to be

the least reliable.

The significance and inter-relationships of the various

petrographic properties, and their use to assess carbonate sediment
maturity are fully discussed in the light of the results obtained

(pp. 149-172).
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II INNER HEBRIDES

(1) Gulf of Corryvreckan (CDSS No. 1)

ga) Geography and dynamics

The Gulf of Corryvreckan (Fig. 25) is a deep, narrow, tidally
scoured rocky channel linking the northern end of the Sound of
Jura to the Firth of Lorne. It is very exposed to storm waves from
the west. The strongest tidal current (425 cm/sec at surface)

is produced by the west-going stream (Fig. 25a).

gb) Extent, bedforms and thickness

The carbonate deposit is poorly delineated because only one
good sample has been obtained from it. Side-scan sonar, sparker
and pinger records show that the carbonate sediment forms patches
in hollows on the rocky platform outside the western entrance to
the main channel (Figs.26 & 27). The platform plunges westwards into

the muddy basin of the Firth of Lorne. Small sandwaves (probably

<2m high) occur in places, extending along the platform parallel to

the Jura coastline. Samples however, show much lower carbonate

contents in this direction, suggesting that the patchy Gulf deposit

is limited within a 3-4 km radius of the entrance.

Between the patches are substantial areas of bare or barely

covered rock. Some patches are over 2m thick and a most likely

~average thickness of 0.5 m is inferred.



CARBOMATE DEPUSIT  SUMMARY SHEET NO. I

NAME  Gulf of Corryvreckan

LOCATION Channel between Jura and Scarba o
PCSTTION (approx}; LAT. 5660 10'N LONG. 5Y 48' W

WATER DEPTH(m) . 120+ AVE. SAMPLE DEPTH(m 150
BATHYMETRY I%eep narrow channel S

DISTANCE TROM LAND(km) 0-2 DISTANCE FROM SHELF EDGE(km) 200
-C-URR-EI\-“S (cm/;e.g)

TIDAL: PN PS PNET

Surface Y40, 425

Im above 120 m water depth 85 170 7
seabed m water depth ’

WAVE: - exceedance 50% 1% 0.1%

Mr. seabed 120 m water depth 0 15 5

m water depth

B N L e T T T PR R R

VOLUMZTRICS -
AREA OF DEPOSIT(m2) 10 x 10 ? Patchy

| Max. Min. Likely
CaC03 CONTENT{?%) 85 85 85
THICKNESS(m) 2 6 ) .5 6
TOTAL VYOLUME(m3) 20x 107, 1 x 107, 5x10°,,
TOTAL WEIGHT(g) 14.7 x 10 7 x10'¢ 3.7 x 10
ACCUMULATION RATE 245 12.2 61

(g/m2/yr over 6000 yrs)

NOTES  Very limited data. 1 sample. Patchy, 2m high sandwaves
- on geophysics. Rocky.

Al

PETROGRAPHY

- dy—— T T

CTomposition Barn Biv Ech Gast Serp Bry C.Alg Foram

DEPOSIT

AVE.% FOR

SURROUNDIRG

AREA = - = - - - - -

Texture  Grv Sand Mud GnSz Sort Rnd Pol Stain Bor M

RVE." FOR 5% 35% N 4 T r e T .
DEPOSIT 4 2.03.0 3.0 2.0 1.09.75
AVE. FOR

SURROUNDING

ARL - - = = = - - - - -

NOTES  Based on one sample only

N means < 1%
See Table 2 for textural scales.
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gcz Petrograghz

The carbonate sediment is a fairly clean, coarse sand and
gravel. Its dominant constituents (Fig. 28a) are bivalve fragments (68%)
and, to a much lesser degree barnacles (14%). Bryozoans (9%) form

a greater proportion than normal for the Inner Hebrides.

This composition reflects the considerable water depth. But
for the strong tidal currents, the area would harbour muddy terrigenous
sediments, storm wave currents being comparatively minor at such
depths so far from the shelf edge. This concurs with the low

Maturity Index (9.75) and local derivation of the debris.

gd) Overview

The presence of asymmetric sandwaves confirms that the sediment

is mobile. Unfortunately their orientation is unknown. Current
velocities decrease rapidly 2-3km west of the entrance where the
tidal stream emerges into the deep open basin of the Firth of Lorne.

Hence net deposition is to be expected.

(2) Passage of Tiree (CDSS No. 2)

(a) Geography and dynamics

This wide passage 1ies southeast of the islands of Tiree and Coll,
and northwest of Mull (Fig. 29 }. The bathymetry is very variable

~ (Fig. 292 ), much being rocky platform which rises in places to make
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CARBONATE _DEPOSIT  SUMMARY SHEET NO. 2

NAME  Passage of Tiree

LCCATION  South of Coll and Tiree
POSYTION (approx); LAT. 569 40' N  LONG. ¢°

WATER DEPTH(m) 40-180- AVE. SAMPLE DEPTH(R) 58
ERTHYFETRY  Wide channel with shoals, cut b{ a deep basin

DISTAHCE FROM LAND(km) 3-5 DISTANLE FROM SHELF EDGE(km) 160
RENTS

o @l PN PS PNET

Surface (southend)-(northenda 20-30 35-55 35%-61%
1m above 55 m vwater depth 9-14 16=-26

seabed 100 m water depth 8-13 156-25

WAVE: exceedance . 50% % 1Y
Nr. secabed 55 m water depth 5=5 50-45 75 -850
. - 100 m weter depth 0-2 20-30 30 -45
NOTES o | -
VOLUMETRICS 6
AREA OF DEPOSIT(m2) 200 x 10 ]
Max. - Min. Likely

CaC03 CONTENT(%) _ 95 75 35
THICKNESS(m) 1 5 .01 6 .1 6
TOTAL VOLUME(m3) 200x10]2 2x10 12 20x10 12
TOTAL WEIGHT(g) 155x10°® 1.38x10'“ 18.6x10
ACCUMULATICH RATEL | 131 1.14 12 .1
(g/m2/yr over 6000 yrs)
NOTES
PETROGRAPHY '
Composition Barn Biv Ech Gast Ser rp Bry C.Alg Foram
AVE.% FOR 5 29 4 6. 7 6 2 3

DEP%SéEh .
AVE .
SURROUNDING 30 44 4 4 3 10 4 >

AREA

Texture Grv Sand Mud GnSz Sort Rnd Pol Stain Bor M

RVE. FOR 30% 67% 3%3.8 1.0 3.2 2.5 2.9 1.8 10775
DEPOSITR .

AVE. FO

SURROUNDING 15% 69% 8% 3.2 1.3 1.0 1.0 2.6 2.0 9.6
AREA

NOTES

e

See Table 2 for textural scales.
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shoals. The Passage is divided into northern and southern sectionsl
by a deep, narrow, glacially scoured basin. This runs from close

inshore at Coll, cutting southwestwards across the Passage.

Current conditions are shown in Fig. 29b. The tidal current
velocities are generally moderate, reaching 75 cm/sec only at a few
localities (eg. around the Treshnish Isles). They are generally
stronger at the narrower northern end of the Passage than at the
south. The Passage is extremely exposed to storm waves from the

southwest.

(b) Extent, bedforms and thickness

The deposit is clearly defined at the north part, extending
from west of Ardnamurchan Point down the centre of the Passage. The
deep basin separates it from Coll. The southern part of the deposit
lies on the relatively shallow platform bordering the south coast

of Tiree. Its distribution here is less clear due to a dearth of

sample data.

The generally rocky seabed has been proved by geophysics and
coring. On it lies a discontinuous veneer of mobile carbonate
sediment which is thicker (up to several metres) in the hollows.
In basins muddy (glacial?) sediments occur in some of

the more substantial hollows or small basins. Some sandwaves lie

about 6 km west of Ardnamurchan Point.
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Owing to the patchy nature of the deposit its average thickness

overall is difficult to estimate. 0.1 m is taken as most likely.

Dives were made by the IGS in Pisces in water depths of 50-70m,
at and beyond the very northern limit of the deposit (Fig. 29a).
Rocky pavements were encountered, strewn with gravel and boulders
interpreted as winnowed glacial debris (Eden et al. 1971). Some
of the larger hollows ( ~ 100 m across) contained coarse shell sand
and gravel forming symmetrical megaripples with
amplitudes of 0.2-0.3m and wavelengths of 1.5m. Orientation
of their crests varied from NW-SE to NE-SW, depending on that of

the associated features such as gullies, steep slopes, and cliff

edges.

(c) Petrography

The carbonate sediments are generally coarse sands and gravels,

often with a 1-2% mud (<63 m fraction) content. In the bathymetric

depressions and basins they merge into very muddy, dominantly

terrigenous sands.

The carbonates are rich in barnacles (45%) while bivalves

(29%) are the other major component (Fig. 28b). The ratio of bivalves:

barnacles increases as the sediment becomes more muddy and less

calcareous (CDSS 2). The Maturity Index is

moderate (10.70) reflecting the considerable amount of oscillatory

current activity to which it has been subjected. The Maturity Index

_is higher than that of the local, high-carbonate sediments.
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3) Hawes Bank (CDSS No. 3

(a) Geography and dynamics

This'major shoal lies 10 km to the north of Coll, on the
eastern flank of the Sea of Hebrides-Minch Trough. Surface tidal
currents across it are apparently not strong (Fig. 29). The

Bank is extremely exposed to westerly and southwesterly seas and
it also faces a considerable fetch to the north. Storm-wave

currents are therefore dominant over tidal currents.

(b) Extent, bedforms and thickness

~ The Bank is a very rocky feature with carbonates
lying on its southeastern flank and in gullies on the northern slope.
The sediment cover at the southeast is uniform and megaripples, or

possibly small sandwaves, can be seen on some side-scan sonar records.

Thicknesses are unclear, but not Tikely to exceed 1 m. One

gravity core showed the deposit to be very thin (<10 c¢m) in places

and lying on rock. A likely average is 0.1 m.

Pisces dives made on the northern slope of Hawes Bank (Eden et al.
1971 and Fig.29a) located rock gullies containing coarse shell sand

with megaripples. These had amplitudes of 0.5m and wavelengths

of 1Im, but their orientations were not recorded.
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CARBONATE DEPOSIT SUMMARY SHEET NO.3
NAME Hawes Bank

LOCATION Northeast of Coll - _
POSTTION (approx); LAT. 569 42'N LONG.  6° 45'W
WETFR—UEPTH(m? 40-60m AVE. SAMPLE DEPTH(m) 58m
arge shoal
DISTARCE FROM LAND(km) 10-15 DISTANCE FROM SHELF EDGE(km) 140
tURREHTS‘TEﬁ?%EET“““)'
TIDAC: PN PS PNET
Surface 20 40 —7
Im above 40 m water depth 10 20
seabed 60 m water depth 9 18
WAVE: exceedance 50% 1% 1%
Nr. seabed 40 m water gepth 10 70 00
60 M water depth
NOTES ’ >0 75
VOLUMETRICS
ARER OF DEPOSIT(m2) 39 x 10°
Max. Min. Like]l
CaC03 CONTENT(%) 37 e
THICKNESS (m) 1 - 01 1
TOTAL VOLUME (m3) 39x10° 1, .39x10%, 3.9xi0S
TOTAL WEIGHT(g) 29.3x10'%  .28x10'% 2.8x10'%
ACCUMULATION RATE 125 1.18 12.1
(g/m2/yr over 6000 yrs)
NOTES
PETROGRAPHY |
Coggosi’c'ion Barn Biv Ech Gast Serp Bry C.Alg Foram
peposiT 84 4 222 2 ] ‘
AVE.% FOR -
SURROUNDING 19 47 2 10 14 4 3
AREA

Texture Grv Sand Mud GnSz Sort Rnd Pol Stain Bor M

AVE. FOR
SURROUNDING 31% 64%1% 3.3 1.2 3.6 2.8 2.2 1.0 10.25

- AREA
NOTES

N means <1%

See Table 2 for textural scales.
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gc) Petrograggz

Barnacle debris predominates (41%) over that of bivalves (23%)
(Fig. 28c). Gastropods and serpulids are notable

minor constituents. Sediments in the less calcareous sediments

surrounding the deposit, however, are bivalve dominated, with

barnacles as the second major component.

The average Maturity Index (14.1) is extremely high for the

carbonate sediments and very high for the surrounding carbonate-rich

sediments. Fragments show very high degrees of roundness, polish

and staining, but very low amounts of boring.

(d) Overview

These characteristics are thought to reflect a high degree

of particle movement in oscillatory currents which ultimately
transported the carbonate debris, from their place of origin on and

around the rocky bank, to its lee side on the east.

4) Sound of Ei CDSS No. 4

(a} Geography and dynamics

This is a rocky channel between the islands of Eigg and Muck,

swept by fairly strong tides (Fig. 30b). Muck provides some shelter

from southwesterly storm-waves (Figq. 30b), but the Sound is still

| 1iable to be influenced by waves from the south, west and the
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CARBONATE DEPOSIT SUMMARY SHEET NO. 4

NAME  Sound of Eigg

LOCATION Between the islands of Eigg and Muck
POSITION (approx); LAT. 569 50°N LONG. 6° 10' W

WITER—UEPTHgm) 20-50 AVE. SAMPLE DEPTH(m) 21
Shelf between Eigg and Muck

DISTANCE FROM LAND(km)0-24 DISTANCE FROM SHELF EDGE ( km)

cm/sec
TIDAL: PN PS PNET
Surface 75 150 -
1m above 20 m water depth 43 85
seabed 50 m water depth 36 72
WAVE: exceedance 50% 1% A%
Nr. seabed 20 m water depth 20 g0~ 120 (where exposed)

50 m water depth 8 60 80
NOTES .
= Parts of channel much more sheltered from waves.

Probably considerable wave refraction into the channel.
VOLUMETRICS
AREA OF DEPOSIT(m2)
Max. Min. Likely

CaC03 CONTENT(%) 97 87 950
TOTAL VOLUME (m3) I 0.6 o', 108
TOTAL WEIGHT(g) § X 1012 2087 x 10'2 “g8'x 102
ACCUMULATION RATE 128 1. 25 12 6
(g/m2/yr over 6000 yrs)
NOTES
PETROGRAPHY

omposition Barn Biv Ech Gast S gg Er_'! C. Mg Foram

. 43 32 3 6 1
DEPOSIB
AVE.% FOR .
SURROUNDING 34 42 4 8 3 3 ] 3
AREA

Texture Grv Sand Mud GnSz Sort Rnd Pol Stain Bor M

AVE.  FOR 31% 64% 5%3.5 1.0 3.0 2.0 3.0 1.0 9.75
DEPOSIT

AVE. FOR

- SURROUNDING 24% 63%12%3.2 1.2 2.3 2.1 1.9 1.2 8.45

- AREA
NOTES

e

See Table 2 for textural scales
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southwest by diffraction. A rocky shelf extends all round the

islands, but with deep mud-filled basins a few kilometres away

on its northwest and southwest sides (Fig. 30a & 7).

(b) Extent, bedforms and thickness

A small carbonate deposit lies in the channel. Gravity

cores suggest that it is very thin but there are no geophysical data.
Small sand waves were reported during an IGS sub-aqua dive off the

Muck coast. The most likely average thickness is 0.1 m.

gc) Petrograghz

There is considerable petrographical variation from sample to

sample and this (particularly the variation in mud content) indicates

changeable physical conditions over space and,probably, time. The
higher mud contents often occur at the greater depths (Appendix 9),

illustrating the progressive weakening of wave and tidal currents

in the deeper water inshore areas. Basinal areas thus act as

traps for fine grained sediment.

The carbonates are derived predominantly from barnacles (43%)
and bivalves (32%), with barnacles being most abundant (Fig. 28d).

Calcareous alga debris (b6%) is also present in significant

proportions besides gastropod and serpulid material.

The Maturity Index (9.75) is low.
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The carbonate-rich sediments adjoining the deposit have similar

petrophysical properties except that they are muddy, and bivalve

debris predominates over barnacle. The Maturity Index for these

sediments is very low.

(d) Overview

The carbonate is probably derived locally from the rocky
nlatforms around Eigg and Muck and carried into the Sound by strong
wave and tidal currents. Storm-waves entering from both ends of
the channel (probably simultaneously in the case of diffracted

southwesterly swells) probably concentrate the sediment on the
southwest side ofthe channel. The most sheltered spot is close

inshore to Muck, where divers identified Lithothamiwun debris.

(5) Sligachan-Scalpay (CDSS No. 5)

Carbonate sediments have been sampled off the northeast side
of the island of Scalpay and at the entrance to Loch Sligachan.
Although the nearby Sound of Raasay and Inner Sound are large
deep mud-filled glacial basins, the carbonates 1ie on rocky ground.
They are taken to be local, inshore deposits restricted to the narrow
coastal platform. Their distribution is unclear, but a vibrocore taken

at the mouth of Loch Sligachan proved a thickness of at least 3m
(Fig. 31).

Other such deposits occur along the Scottish coast (pp. 56-62 )

but they are often missed by the IGS because their survey vessels

do not normally come so close inshore.
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CARBONATE DEPOSIT SUMMARY SHEET NO.5

NAME  Sligachan-Scalpay

LOCATION = NE side of Scalpay and entrance i
t
POSITION (approx); LAT. 57% 20" N LONG?, légctl')\o?]&gachan (E. Skye)

WEP—D'EPTHUF;[ 10-30 AVE. SAMPLE DEPTH(m)

ocky coastal platform

DISTARCE FROM I}ANDf) km)0.1  DISTANCE FROM SHELF EDGE(km}
cm/sec

TIDAL:
Surfac ?%" 7?5'5' E'NIEI
Im above ‘ m water depth - 42
seabed m water depth
WAVE: exceedance 50% 1% 1%
Nr. seabed 30 m water depth 75+ 230+ 785+
m water depth
NOTES
VOLUMETRICS
AREA OF DEPOSIT(m2)
CaC03 CONTENT(%) 1;;' Min. e
THICKNESS (m) " & 30

TOTAL VOLUME(m3)

TOTAL WEIGHT(g)
ACCUMULATION RATE
(g/m2/yr over 6000 yrs)

NOTES Vib led

e ibrocore revealed at least 3m carb
Insufficient data to delineate depo:?:te

PETROGRAPHY

Composition Barn Biv Ech Gast Serp Bry C.Alg Foram

DEPOSIT
AVE.%Z FOR
SURROUNDING

AREA

TexiizureOR Grv Sand Mud GnSz Sort Rnd Pol Stain Bor M
DEPOSIT

AVE. FOR

~ SURROUNDING

- AREA
NOTES

No petrographical data.
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(6) Rubha Nan Clach (CDSS No. 6)

gaz Geography and dynamics

This deposit lies on the rocky, coastal platform running
parallel to the southwest coast of Skye. It is subject to fairly
low longsshore tidal currents running SE and NW, and severe

storm wave currents from the southwest (Fig. 32).

gbz Extent, bedforms and thicknesses

The thickness of the carbonate deposit 1ying on this
platform is uncertain, there being no geophysical or core data

for it. It is likely to be only a thin patchy cover of 0.1 m

on average.

(c) Petrography

The deposit is dominantly barnacle debris (48%), with high
proportiors of bivalve and serpulid material (Fig. 28e).

The Maturity Index (9.0) is low.

In the less calcareous sediments of the surrounding area
 pivalve contents increase and barnacles and serpulids decrease.

The average Maturity Index (8.1) is lower.

(d) Overview

Wave and tidal currents, although roughly at right angles to .
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CARBONATE DEPOSIT _SUMMARY SHEET NO. 6
NAME Rubha nan Clach

LOCATION West coast of Skye -
POSITION (approx); LAT. 570_16 LONG. 6 -30'W
AV, NS ampLe

WITETUEPTHgimZ 20-40 DEPTH(m) 50

oastal platform

DISTANCE FROM LAND(km) 0.2 DISTANCE FROM SHELF EDGE (km) 160
cm/SsecC

TIDAL: PN PS PNET
Surface

Im above 30 m water depth 7?75 50 -

seabed m water depth 14+ 28+ -
WAVE: exceedance 50% 1% A%
Nr. seabed 35 m water depth 7y 90 120

| m water depth
NOTES
VOLUMETRICS 6
AREA OF DEPOSIT(m2) c6 x 10 _
Max. Min. Likely
CaCO2 CONTENT(%) . 95 76 85
THICRNESS (m) 1o 0.0l 0.1,
TOTAL VOLUME (m3) 26 x 107, .26 x 10° 2.6 x 10
TOTAL WEIGHT(g) 20 x 10°° .18 1.93
ACCUMULATION RATE 129 1.16 12.4
(g/m2/yr over 6000 yrs)
NOTES Strongest wave currents & tidal currents roughly at
right angles to each other.

PETROGRAPHY

Composition Barn Biv Ech Gast Serp Bry C.A] Foram
NETTOR- — 18 ~ 73 & g 1 % —
DEPOSIT

AVE.% FOR
SURROUNDING 40 35 5 4 4 6 | 3

AREA
Texture Grv Sand Mud GnSz Sort Rnd Pol Stain Bor

AVE. FOR
SURROUNDING 3% 5& 2 3.1 1.5 2.2 1.7 1.3 1.3 8.1

AREA
NOTES

See Table 2 for textural scales.
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‘each other, probably often combine to produce longshore drift
towards the northeast. Sediment may be accumulating where this

transport path is interrupted at the entrance to Loch Bracadale

by tidal currents running NE-SW more nearly parallel to the major

wave-currents (Fig. 32b).

7) Shiant CDSS Nos. 7&8

(3) Geography and dynamics

This deposit is associated with the large rocky shoals

surrounding the Shiant Islands, between the northern

tip of Skye and the Quter Isles (Fig. 33a). The current pattern

is shown in Figure 33b.

(b) Extent, bedforms and thickness

The deposit lies in the Minch, an area covered in detail by

Bishop (1977) who originally worked up the IGS data. The raw

material was not available for this study.

IGS sparker lines and some limited side-scan show that, although
significant patches of bare rock occur in places, there is a fair

sediment cover. Cores suggest that this is generally quite thin.

At the southern end carbonate sand with 75% CaCO3 was encountered,

lying on at least 0.8 m of sand with 50% Cacoa. South of the Shiant

Islands, another core showed 0.1 m of sand lying on terrigenous mud,

and several others indicated a very thin cover (<.1 m) overlying rock.

At the very northern 1imit IGS Pisces dives revealed rockhead
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'exposures, bouldery drift, muddy, shelly sands and some gravelly

sand ribbons which were up to@.5m thick (Eden et al 1973).

In the northeastern part poor quality sparker profiles show
that the superficial deposits thicken to a maximum of 4 0 m.
They form a sandbank-l1ike feature, possibly with sandwaves on it.
However, coverage and quality of the records do not allow adequate
investigation of it. The body could be largely morainic, like
. that found by Pisces to the northeast. On the other hand, the
Quaternary is reported to be less than 10 m in this area (Bishop
1977). With such high carbonate contents in the surface sediment

of the area (>90%), it is possible that the bank represents an
appreciable accumulation of carbonate. For this reason its

volumetrics are treated separately (CDSS No. 8).

gc) Pétrogragh!

Bishop (19/77) describes the calcareous material as comprising
bivalve, echinoderm and gastropod fragments, but there is no mention
of barnacle debris. This is probably a recognition problem, but
it may also signify a smaller proportion of barnacles than in
most deposits of Inner Hebrides. This would relate to the lower

proportion of rock:sediment cover than elsewhere, the lack of very

shallow rocky seabed, and the lower degree of wave current activity.

(d) Overview

Carbonate sediment is accumulating on a large bathymetric hlgh
near the Shiant Isles, where terrigenous sediment supply is low.
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CARBONATE DEPOSIT  SUMMARY SHEET NO. 7

NAME Shiant

LOCATION Between Skye and North Harris
POSTTION (approx); LAT. 579 50'N LONG. 6° 20' W

WATER DEPTH(m) 0-100 AVE. SAMPLE DEPTH(m; 84
Large shoal with deep troug and shelf SE towards Skye.

DISTANCE FROM LAND(km) 2.15 DISTANCE FROM SHELF EDGE(km) 230 to N
cm/secC

TIDAL: PN PS PNET
Surface 150 — Locally
Im above 50 m water depth 72

seabed m water depth
WAVE : exceedance 50% 1% 1%
Nr. seabed 30m water depth ~5 40 60

m water depth

NOTES
VOLUMETRICS 6
AREA OF DEPOSIT(m2) 508 x 10

CaC0x CONTENT(%) Max. Min. Likely

a BT
THICENESS(m) ?4 ?31 6 8;
TOTAL VOLUME (m3) 508 x 107, 5.08 x 107, 50.8 x 10,
TOTAL WEIGHT(g) 394 x 10°° 3.50 x 10°“ 37.8 x 10
ACCUMULATION RATE 129 1.158 17 .4
(g/m2/yr over 6000 yrs)
NOTES

Possible sandbank in the area -see CDSS No,8 for "Southwest
Shiant Sandbank".

PETROGRAPHY . . et
Composition Barn Biv Ech Gast Serp Bry C.Ala Foram
WETFOR— 7 —7 v v —b= x=2g [0

DEPOSIT
AVE.% FOR
SURROUNDING

AREA
Texture Grv Sand Mud GnSz Sort Rnd Pol i
AVE- FOR 6% /0% 3% 3 T.5 — 2tain Jor M

DEPOSIT
AVE. FOR
SURROUNDING

AREA

NOTES  pata mainly from Bishop and Jones (1979)

See Table 2 for textural scales.
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CARBONATE DEPOSIT  SUMMARY SHEET NO. 8

NAME Southeast Shiant Sandbank

LOCATION SE of the Shiant Isles and NW of Eilean Troddey
POSTTION (approx); LAT. 57° 48 N LONG. 69 15W

WATER DEPTH(m? 30-70 AVE. SAMPLE DEPTH(m)
Il1-defined bank formed by superficial sediment.

DISTANCE FROM LAND(km) 12  DISTANCE FROM SHELF EDGE(km) 230 to N
cm/sec

TIDAL: PN PS PNET
Surface - ]ga -
Im above 30 m water depth 79
seabed m water depth _
WAVE : exceedance 50% 1% 1%
Nr. seabed 30 m water depth o~ 50 T3
m water depth
NOTES
VOLUMETRICS | 6
AREA OF DEPOSIT(m2) 7.8 x 10
Max. Min. Likel
CaCo CONTENT(%) 94 85 -ﬁy
THICKNESS(m) 40 1 10
TOTAL VOLUME(m3) 312 x 10? 7.8 x 105, 78 x 10°
TOTAL WEIGHT(qg) 242 x 10'° 5.8 x 10'% 59.9 x 10'°
ACCUMULATION RATE 5171 124 1280
(g/m2/yr over 6000 yrs)
NOTE> CaCO3 content inferred from nearby samples. Geophysics
does not define size and shape of bank properly.
Internal composition of the feature is very uncertain.
PETROGRAPHY

Composition Barn Biv Ech Gast Serp Bry C.Alg Foram
AVE. % FOR

DEPOSIT
AVE. % FOR
SURROUNDING

AREA

Texture Grv Sand Mud GnSz Sort Rnd Pol Stain Bor M
AVE.” FOR - T =
DEPOSIT
AVE. FOR
SURROUNDING
AREA

NOTES
See "Shiant" CDSS No. 7

- 8§ -~



‘Carbonate production, on the other hand, is high because of

the existence of extensive areas of current-swept rocky seabed.

(82 Other coastal deposits

Underwater accumulations of carbonate sediment are known to
occur at several locations along the Scottish west coast.
Unfortunately 1inshore areas, within 1-2 km of the coastline were
often not sampled by IGS. Small patches of pure shell sand can

often be seen in the nearshore sublittoral zone off rocky coasts

(eg. Rhu Coigach, Point of Stoer).

(a) Mul]l

Patches of shell sand occur on the rocky platform along the
west coast of Mull (Bowes and Smith 1969), most extensively in

the Sound of Iona off the Ross of Mull (Fig. 34 and CDSS No. 9).

This deposit has been studied in detail by Cucci (1979) and
Farrow et al. (1978).

The Sound of Iona has fairly strong surface tidal currents

and is prone to a southwesterly fetch of 124 km which can generate

strong oscillatory bottom currents in the shallow water. It

also experiences considerable diffraction effects from the
larger, more westerly storm waves. To the north the fetch is
small and waves. from this direction have littTe effect because of

the damping action of shoals at the northern end.

The deposit is up to 2 m thick over parts of the central shoals

where small sandwaves are developed, and it probably has an average
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CARBONATE DEPOSIT  SUMMARY SHEET NO.9
NAME Sound of Iona

LOCATION Off the Ross of Mull
POSTTION (approx); LAT. 569 20 LONG. 6% 25' W

WATER DEPTH(m) 1-12 m  AVE. SAMPLE DEPTH(m)
annel
‘UTSTKNCE“FROM-[‘ﬁbgkéﬁ DISTANCE FROM SHELF EDGE(km)
cmssecC

I'TDAL: PN PS PNET
Surface ~100 - -
Im above m water depth
seabed m water depth
WAVE: exceedance 50% 1% 1%
Nr. seabed m water depth ~— — ;
m water depth

NOTES

VOLUMETRICS
AREA OF DEPOSIT(m2) 20 x 10

CaCOq CONTENT(%

THICRNESS (m) ) 9? 7?
TOTAL VOLUME (m3) 20 x 10 2 x 1
TOTAL WEIGHT(g) 15.5 x 10'° 1.4 x
ACCUMULATION RATE 129 11.6
(g/m2/yr over 6000 yrs)

NOTES

PETROGRAPHY

Composition Barn Biv Ech Gast Serp Bry C.Alg Foram
DEPOSIT 77 12 3 N N 1 N

AVE.% FOR
SURROUNDING

AREA

Texture Grv Sand Mud GnSz Sort Rnd Pol Stain Bor M

AVE. FOR —  — ~ ~—  ~— - T /= =
DEPOSIT

AVE. FOR

SURROUNDING

AREA
NOTES

From Cucci (1979)

N means <1%
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thickness of 0.5m. It lies over glacial drift which appears to have

produced a substrate, morphology and hydraulic regime which strongly

influenced the biogenic sedimentation. Thus, whereas shell sand

is accumulating under the influence of the tidal and wave currents,
colonies of calcareous algae are growing and contributing to the
sediment at the north end where protected from wave action. The
shell sand is dominated by barnacle and bivalve fragments except

in the northern end where in places the Phymatolithon caleareum

(often mistaken for Lithothamniwum) debris (~30%) predominates.

Cucci concludes that the Iona sediments are mostly Recent
and not relict, having been accumulating since the last glaciation.
His rates of production and accumulation are therefore based on a
period of 10,000 years. These are likely to be under-estimates if

the present shorelines and water depths were not established until

about 6,000 years ago (see p. 15 ).

(b) Skye

"Lithothammium calcareum” sands are recorded from several
bays on the west coast of Skye (Anderson and Dunham 1966). One colony
grows in Loch Eishort on a submerged spit between a small island
and the mainland (Fig. 34). Another occurs in Loch Dunvegan
in a similar environment, between the Lampey Islands and the
mainland. Several of the loch Dunvegan beaches are rich in calcareous
algal debris (Haldane 1939). This is also found in an IGS sample
from the entrance to the loch (Appendix 10, M270). Other

~ occurrences are reported from Loch Bracadale.
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(c) Plockton - Kyle of Lochalsh

"Lithothamium” -rich carbonate sediments have been
investigated by a company in this area off the mainland of
Wester Ross (Fig. 34). The algae appear to be growing and their
debris accumulating in the tidal channels between rocks and islets.

The sediments contain 5%-50% algal debris, the rest being mixed

shell fragments. An area of 0.4 x 106 m2 was investigated and patches

2

of sediment up to 100 m~ in size were noted. However the extent

of the deposit was not properly assessed, nor was thickness,

though considered likely to be "many feet".

gd) Loch Broom

Bowes and Smith (1969) found shell sand in the approaches to
Loch Broom (Fig. 34) lying on the rocky shelf which runs from the

Summer Islesto Greenstone Point, Bishop (1977) also recognised

a small area of carbonate off Rubha Re and Handa Island.

They pointed out that exposure to the open sea probably provided

suitable conditions for comminution, sorting, and accumulation.
Smaller muddy patches of shell sand were located further inshore,

one patch off Gruinard Island containing "Lithothamzium" debris

(Fig. 34). Wilson (19792)mentions the presence of Lithothamiwn

at the Summer Isles (also Moidart, further south on the mainland).

(e) Significance of calgareous algae

Virtually all the locations mentioned above are sites where
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"calcareous algae are present. This may be significant in two ways:
(a) the species of calcareous algae on the SCS show a strong
preference for habitats close inshore, (b) the presence of calcareous
algae may render the sediment more striking in human terms, causing
danger of overemphasis. Quite probably there are many other small

inshore deposits of shell sand which are not listed here.

(9) Carbonate-rich (50-75% CaCO3) sediments

ey e e e

(3) Introduction

Some of the deposits in the Inner Hebrides area have very
distinct boundaries with very sudden drop-offs in carbonate content
to less than 50% (eg. Hawes Bank). Others are surrounded by large

areas where the CaCO3 content is 50-75% CaCO3. There are also some

sharply discrete bodies of carbonate-rich sediment.

(b) Blackstones Bank to N tip of Rhum

These border the Passage of Tiree and Sound of Eigg deposits

(pp.39&45). Blackstones Bank (Fig. 35) 1is a rocky shoal 25-50m

deep exposed to severe wave action. Several Pisces dives by the

IGS (Eden et al. 1971 and Eden et al. 1973) revealed thin patches
of shell sand lying on lithic gravels and rock. Superimposed
megaripples with heights of 0.2m and wavelengths of 2m were noted
striking NW-SE. The carbonate-rich sediment (62% Caco3) is dominantly
bivalve debris, and has a very high Maturity Index (12.75) due to

_ high degrees of sorting, roundness, polish and staining. This 1is

attributed to prolonged current agitation aided by the abrasive
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‘effect of the substantial proportion of 1ithic fragments (38%).

Apart from Blackstones Bank, the carbonate-rich sediments
in the rest of this area were summarised with the carbonate deposits

which they surround (pp. 39 - 48). They have a substantial

lithic sand or gravel content and are often very muddy.

(c) Shiant Isles

This surrounds the Shiant carbonate deposit (Fig. 35).

The southern part comprises clean sands and gravels but northeast-

wards they become extremely muddy (Fig. 7).

gdz Colonsay

On the west side of the island, at the very limit of the study
area, carbonate-rich sediments appear to be forming on the wave-swept

rocky platform.

(e) Iona Spit

West of the Ross of Mull (Fig. 35) is a rocky bank, subject to

severe storm waves and moderate tidal currents (75 cm/sec). Rock is

exposed in places. Small sandwaves or megaripples indicating mobile
sediment are also visible on the sonar records. The sediment is mainly

barnacle debris, with subordinate bivalve and echinoid fragments

(Table 3). The high Maturity Index (11.25) results from high

degrees of roundness, polish and staining which reflect the currents

| of the area.
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(f) Headlands: An Ceanich, N Rhum and Rhu Coigach

Carbonate-rich sediments also occur off these headlands

(Fig. 35). The seabed is rocky, relatively shallow and subject

to particularly strong tidal currents.

gg) Sea of Hebrides - Minch Trough

The carbonate-rich sediment in this area (Fig. 35) is
interesting because it is very muddy, lies in deep water and is

associated with no obvious positive bathymetric feature. The mud

itself is highly calcareous (30-66% CaCOz).

The anomaly lies beyond the base of a steep slope descending
from the Skye-Rhum platform where carbonates and carbonate-rich
sediments are abundant. IGS Pisces dives on this and similar slopes
revealed shelly debris which appeared to have spilled down them.
Possibly calcareous debris has been funnelled down into deep water

in this way. On the other hand it could conceivably have been

produced by unusually high infaunal productivity, although this seems
less likely.

10i Beaches

The distribution of beaches containing high-carbonate
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