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100,000 50,000
Years before present

(a)  Sealevel curve calculated from oxygen isotope data

'l i A

16000 14000 12,000 m'm o.;m u;n 4,000 2,000
Years before present

(b)  Eustatic changes of sea level based on R.W. Fairbridge .
The broken line shows the aiternative interpretation of other workers.

Figure 4 ~ Quaternary-Recent sea level changes
(a) after Anderton et. al. 1979 (b) after Sissons, 1967.
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Figure 5
SUB-PLEISTOCENE GEOLOGY OF SCOTLAND

AND THE ADJACENT CONTINENTAL SHELF
from Rhys and Ardus 1981
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Figure 11 Parabolic current profile and the van Veen formula,
after van Veen ( 1938 )

- 303 -




Figure

12

Extreme wave heights (for fully developed storms
lasting 12 hours) in waters around the British
Isles. Estimated values of crest to trough

heights, in metres, of the highest waves likely to
occur once in 50 years.

Letters represent wave recording stations used
for Drapers (1967) bottom-current graphs (Fig.13):
1,J=0.V.8. India, Juliett, 88 - Sevenstones,

MB - Morecambe Bay, SK - Smiths Knoll

(after Draper, 1967)
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1

The percentage of the time during which water particle

speeds exceed any given value

at certain depths,

(The significant peak particle speed is the maximun
speed which will be attained during the passage of
each wave having a height equal to the significant
height at the time). (after Draper 1967, 1980.)
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Figure 13 Wave activity at the sea bed around the British Isles.
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PARTICLE SPEED FACTOR

Figure

1.0

14

] A 1 i N . A ) I T B |
1 5 10 0 1 2345 10152030 50
MINUTES = ~—e HOURS
Particle speed factor. The ratio of the moat probable

value of maximum particle speed to the significant peak
particle speed, as a function of time. To obtain the
probable maximum value of particle speed in any
particular situation, the value of significant peak
speed obtained from Fig.13 must be multiplied by the
relevant particle speed factor. (after Draper, 1967)-
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Figure 15 Net. surface water movements
(after Lee and Ramster 1981)
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FPigure 18

Estimated net water movements near the bottom.
The figures indicate very spproximate drift
speeds in kilometers per day.

(from Craig 1959)
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Figure 17 Mean sea temperatures (°C)
after Lee and Ramster 1981

- 309 -




A}
(c) WINTER, BOTTOM

Figure 18

Mean sea salinities (%),
after Lee and Ramster 1981
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100 -
% CaCOj; by weight
J Using p buik (shell sand) = 0.8g9/cc
% P bulk (quartz sand) = 1.8g/cc
80 <
‘o -
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T v T T T T T v o
] 20 40 60 0
% CaCO; by volume

Experimentaly determined buik densities (p bulk)

GRAIN SIZE (mm) P BULK (SHELL) p BULK (QUARTZ)
0.5-1.0 . 10 1.8
1.0-20 08 16
20-4.0 0T 185
Figure 20 Conversion graph for % Ca CO3 by weight to % Ca CO3

by volume for loose sands and gravels. Bulk densities
used are 0.89/cc for shell and 1.6g/cc for quartz.

The ranges of bulk densities for different grain sizes
are aiso shown.
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Figure 21 Typical Inner Hebridean carbonate, rich in bivalve and
barnacle debris. Rubha Nan Clach deposit (see Fig. 32a).

Figure 22  Typical West Hebridean Platform carbonate (see Fig.44),
containing bivalve, barnacle, echinoid, gastropod,
serpulid and bryozoan debris.
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ng well

Typical Orkney sandbank carbonate containi
rounded, polished debris, mainly bivalve,

barnacle

and serpulid. North Ronaldsay north bank, North Orkney

deposit (see Fig. 52a).

Figure 23

barnacle, and serpulid debris along with

Typical West Shetland carbonate (see Fig. 83a), rich in
echinoid and bryozoan material

bivalve,

Figure 24
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Figure 25  Gulf of Corryvreckan Deposit Scale 1:250,000
Location and Physical Conditions Dt S
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Figure 26  Side-scan sonar record (poor quality) across Gulf of
Corryvreckan deposit (see Fig. 25a), showing rocky seabed
plunging into the Firth of Lorne basin, with sediment
-filled gullies (eg. centre and left).

Figure 27 Sparker line across Gulf of Corryvreckan deposit
(see Fig. 25a), showing rockhead generally very close
to the seabed so that sediment cover must be very thin.
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Figure 28 Biogenic composition of Inner Hebridean carbonates
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Figure 38  Sparker line across Stanton Banks (see Fig. 37a)
showing rockhead emerging from superficial sediment
cover. The carbonates form a veneer over the shoal
and down its flanks, but are too thin to resolve.
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Figure 39

Underwater photograph taken from Pisces on Stanton
Banks (see Fig.37a) showing boulder-strewn seabed,
typically encrusted with carbonate secreting organisms
and heavily populated by ophiuroids. Pure carbonate
can be seen filling the crevices between the rocks.
Field of view approx. 1m.

Figure 40

Underwater photograph taken from Pisces on Stanton
Banks (see Fig. 37a) showing starved wave-generated

carbonate megaripple with a wavelength of about 1m.
Depth 77m
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Figure 41  Biogenic composition of Hebridean Shelf carbonates
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Figure 42

Side-scan sonar record across the southern part of the Barra Head
deposit (see Fig. 37a), showing extensive rocky areas surrounded
by large patches of carbonate sediment.




S00m

SE

Side-scan sonar record across the eastern flank of the
Barra Head deposit (see Fig 37a) showing

sediment cover becoming more continuous as seabed drops
off into the Minch basin. Carbonates become progressively
more terrigenous down-slope from west to east.
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Figure 46

\West Hebridean
Platfor,

75-100% T  :Beaches < 50% Calcium CaCOs
50-75% @® : Beaches > 50% Calcium CaCO3
25-50%
0 kms 30
0-25% | l

Carbonate content of southern West Hebridean Shelf sediments,
including beaches (SeeTable 1 for beach references)
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Figure 49  Echosounder profile across Cape Wrath deposit
showing sandbanks and large sandwaves indicating
sediment thicknesses of up to 30m.

~ 339+



(a) Cape Wrath

60—

40—

20-.

o- 11 1 1.1
BaB E G S 8B C F
(c) Solan Bank

%

w—

‘o-—

2°-.
RN

0 -
BaBi E G S BrC F

(b) Nun Bank

NITHIN

BaBi E G S Br C F

(d) Fair Isle Channel
%
60 —

40 -

20

o—_L||l|| 1

BaBi EG SBr CF

Ba = Barnacles; Bi = Bivaives; E = Echinoids; G = Gastropods
S = Serpulids; Br = Bryozoa; C = Caicareous Algae; F = Foraminifera

Figure 50  Biogenic composition of Northern Shelf carbonates
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Figure 53

1000m

Side-scan sonar record across the rocky ridge at the south-western limits
of the Fair Isle Channel deposit. The feature,scored with gullies
containing carbonate, separates the more terrigenous sediments on

the Northern Shelf in the west (L.H. side) from the carbonates

lying on the platform in the Fair Isle Channel (R.H. side). See

Figs. 52a & 52c).
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Figure 54

s00m

1

Side scan sonar record across the rocky ridge at the western 1limit of the Fair Isle Channel
deposit. The ridge, with gullies and hollows filled with carbonate sediment, emerges from the more
terrigenous sediments of the Northern Shelf (top left). NB. The two sections are part of the same
line but there is a gap between them (see Figs 52c & 52a).



Figure 55 Underwater photograph of wave-generated gravelly
carbonate megaripples in a water depth of 80m, Fair
Isle Channel (see Fig.52c - station TV2).Wavelengths are

1-2m and heights 10-20cm. See pp. 191 - 198 & Appendix 3 & 4).
July 1977.

Figure 56  Underwater photograph of carbonate megaripples in the
Fair Isle Channel, a/a. Note that heavily encrusted

boulders project out of the gravel, suggesting that they
are not covered for substantial periods.
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Figure 5.7

Underwater photograph of the seabed in the Fair Isle
Channel near the megaripple field (see Fig.52c - station
TV2, and Figs 55 & 56). The ground is rocky and heavily
colonised but there is a transitory 'sprinkling' of fine
- medium carbonate sand.Water depth 80m. See also pp. 191-198
& Appendix 3, Table 47. Field of view approx. 1m.
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Figure 58 Sparker line across the Fair Isle Sandwave Field (see Figs. 52a & 52c)
showing the development of carbonate sandwaves on the eastern flank of

the Fair Isle Channel platform.
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Figure 59 Carbonate content of Northern Shelf and Orkney sediments, including beaches (See Table 1 for beach references)
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Figure 62 Sparker line through bank of superficial sediment
lying on the north-west side of the ridge running
north-east from Papa Westray, North Orkney deposit
(Fig. 52c, ). Although its surface is covered
with carbonate sediment, its smooth nature (with no

sandwaves) suggests that it is either mainly moraine
or a degraded sandbank.
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Figure 63

Echosounder profile across North Ronaldsay north bank
North Orkney deposit (Figs. 52a & 52c¢) with carbonate
sandwaves up to 15m high, and steep sides facing west.
( July 1977). See also Figs. 60 & 61.

Sparker line through North Ronaldsay north bank,
North Orkney deposit (Figs. 52a & 52c) showing
the sandwaves to be up to 7m high and thickness of

superficial sediment to be at least 20m (Spring 1974).
See also Figs. 60 & 61.
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Figure 65

Biogeni¢ composition of Orkney and
Moray Firth carbonates

- 355 -




=~ 9%t =

Figure 66 Side-scan sonar record along the edge of the inner platform,East Orkney Deposit
(see Figs. 52a &52c). Large gullies in the rocky seabed contain carbonate
sediment spilling out eastwards down the flank of the platform. See Appendix 7

fig. 4.



Figure 67

Side scan sonar record along the edge of the inner
platform, East Orkney Deposit (see Figs. 52a & 52c).
Large gullies in the rocky seabed contain carbonate
sediment spilling out eastwards down the flank of the
platform. See Appendix 7, fig 4.
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1000m

Figure 68  Sparker line through the East Orkney Sandwave Field
on the platform flank, East Orkney deposit (see Figs.
52a & 52c). Large carbonate sandwaves are developed

on the slope particularly where major bedrock reflector
are subcropping. See Appendix 7, fig. 4.

Figure 69  Sparker line through the East Orkney Sandwave Field
on the platform flank, East Orkney deposit ( see
Figs. 52a &52c). Carbonate sandwaves are developed
on the slope but the deeper ones appear to be degraded,
possibly after winter storms (line shot in Spring 1974).
See Appendix 7, fig.4.
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Figure 72

Echosounder profile across the West Pentland Firth deposit (see Figs. 52a &52b).
Large sandbanks and sandwaves are developed at the western end of the rocky
tidally-scoured channel. The bedforms have sharp profiles and are strongly
asymmetrical in the east but towards the west they become symmetrical and

then more rounded and degraded in appearance.This probably represents the
transition from east-going storm-wave dominated transport in the west to

local west-going tidally dominated transport in the east.



Figure 73

Underwater photograph on the seabed to the south-west
of Sandy Riddle(see Fig. 52c).Although there is a
'sprinkling' of fine-medium carbonate sand between
them, the boulders are extremely heavily encrusted

with barnacles and serpulids and there is clearly no
build-up of sediment. Note also the preponderance of
grazing echinoids. Picture taken at 'slack' tide, water
depth approx. 70m. Field of view approx. 1m.

~ 3625 =



SOUTH RONALDSAY

Scale 1:100,000

0 kms 3
—————

Figure 74 Bathymetry of Sandy Riddle based on
survey from RRS John Murray July 1977
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Figure 75

Sediment distribution around Sandy Riddle.
Also showing lines of sections for Fig 79
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Figure 76 Pinger profile across the carbonate sandbank, Sandy
Riddle. Line A (see Fig 75).Sandwaves 10 m high have
steep sides facing east.
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Figure 77 Pinger profile across the carbonate sandbank, Sandy
Riddle. Line B (see Fig. 75). Sandwaves are 10m high
and have steep sides facing west.,
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Figure 78 Pinger profile across the carbonate sandbank, Sandy
Riddle. Line C (see Fig. 75). Sandwaves are 10m high
and have steep sides facing west.
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Figure 80 Underwater photograph of a carbonate megaripple on the
south-west flank of the sandbank, Sandy Riddle. The
feature has a relief of 30-50cm. Note the reworked lip
on its crest(picture taken just after 'slack' tide.
Water depth approx. 50m.

Figure 81  Sparker line through the carbonate sandbank,lSandy
Riddle, showing that the feature consists entirely
of superficial sediment approx. 30m thick at this
location (see Fig 52c & Fig. 75).
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Figure 85  Consub photograph taken in St Magnus Bay, West Shetland
deposit (see Fig.84). Water depth 108m. Rocks are
extensively encrusted by serpulids and other calcareous
organisms. Also heavily populated by echinoids and crustacea.
Field o[}' v aprox. S$Ocm .

Figure 86 Consub photograph taken in St Magnus Bay, West Shetland

deposit (see Fig. 84). Water depth 108m. Besides serpulid
encrustations, barnacles are fairly common.

FL'(,(A of veew approx. 30 cn,
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Figure 87

Consub photograph taken in St. Magnus Bay, West Shetland
deposit (see Fig. 84). Water depth 100m. Encrusted with

serpulids and heavily populated by echinoids, ophiuroids
and asteroids. FAeld of view approx. 7Ocm,

Figure 88

Consub photograph of large accumulation of shell gravel,
in St Magnus Bay at 100m.Debris is very discoloured and
may be relict from times of lower sealevel. Probably
comprises mainly Modiolus and Glycymeris.

Fi&u lp" view arproze. 70 em (fofcyrwﬂt‘> .
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Figure 89

Boomer line through the West Shetland deposit north
of Foula (see Fig. 83). The sandwaves (presumably of
carbonate) are 2.5m high and face in a northerly direction.
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Figure 90 Consub photograph of asymmetrical (? tidal-current
generated) carbonate megaripples east of Foula, West
Shetland deposit (see Figs 83 & 84). Heights approx. 30cm
and wavelengths 1m. Note small-scale ripples in troughs
at right-angles to the megaripples. Water depth 38m.

Figure 91  (onsubphotograph of carbonate megaripples east of
Foula. See above.



Figure 92 Consub photograph of carbonate megaripples east of
Foula. See Fig. 90 for description.

Figure 93 Consub photograph of carbonate sediment in the
vicinity of the megaripple field east of Foula,

¥est Shetland deposit (see Figs 83 & B84 ). Water
depth 38m.
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Figure 94 Biogenic composition of Shetland carbonates
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Figure 96

Side-scan sonar record across Shetland - Out skerries deposit, east of
Whalsey, showing linear sand/gravel patches developed between rock outcrops.



Figure 97

Consub photograph of the seabed west of Helli Ness,
Shetland - Out Skerries deposit (see Figs 83 & 84).

The carbonate gravel is spread thinly over a cobbly base.
Numerous whole valves are also visible. Note the fragment
of the branching coral Lophelia (top right). Water

depth 96m.
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Figure 98 Carbonate content of Shetland sediments,
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Figure 101

Variation in average barnacle content
between carbonate deposits on the SCS.

Values represent % in identifiable carbonate fraction
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Figure 102 Variation in average bivailve content
between carbonate deposits on the SCS.
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Figure 103 Variation in average echinoid content
between carbonate deposits on the SCS.
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Figure 104 Variation in average serpulid content
between carbonate deposits on the SCS.

Values represent % in identifiable carbonate fraction
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Figure 105 Variation in average bryozoan content
between carbonate deposits on the SCS.
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Figure 106 Variation in average foraminiferal content
between carbonate deposits on the SCs.
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Figure 107

Variation in Barnacle content Northern Shelf and Orkney
Contour values represent % in identifiable carbonate fraction
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Figure 108

Variation in Bivalve content Northern Shelf and Orkney
Contour values represent % in identifiable carbonate fraction
Computerdrawn H = High L=Low
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Computer drawn

Variation in Echinoid content; Northern Shelf and Orkney
Contour values represent % in identifiable carbonate fraction
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Variation in Gastropod content Northern Shelf and Orkney
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Variation in Bryozoan content Northern Shelf and Orkney

Contour values represent % in identifiable carbonate fraction
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Figure 114  Variation diagram for carbonate

barnacle content v. water depth
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Figure 115 Variation diagram for carbonate

bryozoan v. water depth
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Figure 116 Variation diagram for carbonate

calcareous alga content v. water depth
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Figure 117 Variation diagram for carbonate
toraminiferal content v. echinoid content

- 397 -



8 - [ [}
Corr = 0.4741
7 . . . P = 03819
6 - . .
5 - [ [ L ) .
% Foraminifer:
3 4 L
2 9 3 [ ]
1 - o0 ° [ ]
o - ° L] [ )
0 10 20
% Bryozoa
Figure 118  Vgriation diagram for carbonate
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Figure 119  Variation diagram for carbonate

echinoid content v. barnacie content
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Figure 120 Variation diagram for carbonate
bryozoan content v. barnacle content
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Figure 121  Variation diagram for carbonate

gastropod content v. bivaive content
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Figure 122  Variation diagram for carbonate
polish v. roundness
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Figure 123  Variation diagram for carbonate
degree of boring v. polish
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Figure 124  Variation diagram for carbonate

Maturity Index v. roundness
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Figure 125 Variation diagram for carbonate

Maturity Index v. polish
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Figure 126  Variation diagram for carbonate
Maturity Index v. staining
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Figure 127  Variation diagram for carbonate
grain size v. foraminiferal content
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Figure 128  Variation diagram for carbonate
staining v. barnacle content
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Figure 129  Variation diagram for carbonate
roundness v. serpulid content
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Figure 130  Variation diagram for carbonate
Maturity Index v. serpulid content
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Figure 131  Variation diagram for carbonate
staining v. bryozoan content
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Figure 132 Variation diagram for carbonate
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Figure 133 Variation diagram for carbonate

Maturity Index v. bryozoan content
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Figure 136 Settling curves for carbonate fragments compared
with spherical quartz grains (after Maiklem 1968,
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Sundbort’l (1956) threshold curve for quartz grain
d:l.uetor versus flow velocity (100cm above bed)

at 20 C,uoditiod from Niller et al.

(1977) for shelly (platey) carbonate,
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Figure 138 Dimensionless shear stress (Q) versus grain diameter

(D, in mm) showing critical suspension curves for
constants, 0.4, 0.19, 0,15 (from McCave, 1971a.)
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Figure 140 Interpreted net transport on the SCS
(from Lee and Ramster 1981 and Johnson et al.1982)
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Figure 147 Subsample from 58-03/2 (East Orkney deposit): angular
ur ple - ds e e
bivalve fragments. Yielded a 14C age of 3780 yrs BP.
NI

NB. The echinoid fragment is a contaminant which was
removed prior to dating.

Fiqure 148 Subsample from 58-03/2 (East Orkney deposit): unbored

] at - s1ded a
elatively unabraded barnacle fragments. Yielded a
]“’(‘ age of 3290 yrs BP.
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Figure 152A. Types of carbonate deposit on the SCS
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Area

Reference

|Sutherland

Caithness

Lewis and Harris

Barra and Uist

West Inverness-shire & N. Argyll
Wester Ross

Mainland Argyll

Orkney

Shetland

Islay, Jura and Colonsay

Northern Inner Hebrides

Ritchie & Mather 1969
Mather 1970

Ritchie & Mather 1970
Ritchie 1971

Mather & Crofts 1972
Crofts & Mather 1972
Crofts & Ritchie 1973
Mather et al. 1974
Mather & Smith 1974
Ritchie & Crofts 1974
Mather et al. 1975

B R

TABLE 1.
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TEXTURAL SCALES

Grain size (GaSz)

Dia(mm) Description Numerical Value
.0625-.125 Very fine sand 1

125 - .25 Fine sand 2

.25 -1 Medium sand 3

1 -2 Coarse sand 4

2+ Gravel 5
ROUNDNESS (Round) * DEGREE OF BORING (Bor)
Description Numerical Value Descripfion Numerical Value
very angular 1 No borings 0
angular 2 Little boring 1
subangular 3 Some boring 2
subrounded 4 Moderate boring 3
rounded 5 Heavily bored 4
well rounded 6

POLISH (Pol) SORTING (Sort)
Description Numerical Value Description Numerical Value
No polish 0 Poorly sorted 1
Little polish 1 Moderately sorted 2
Some polish 2 Well sorted 3
Mod polish 3
TY INDEX (M, See p.35

Well polished 4 MATURI ( 235 )

Description Numerical Value

STAINING (Stain) Extremely high >13
Description  Numerical Value Very high 12-13
High 11-12
No staining 0 Moderate 10-11
Little staining 1 Low 9-10
Some staining 2 Very low 8-9
Moderate staining 3 Extremely Tow <8
Heavily stained 4

TABLE 2.  Summary of scales used for describing textural
characteristics of bioclastic carbonate grains.
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Composition

Ech Gast Serp Bry C. Alg Foram Ditrupa

11 7 3 5
9 4 1 19
7 3 6 12
Texture

Grv Sand Mud GnSz Sort Rnd Pol

Barn Biv

Iona Spit % 42 27
Hebridean

Slope % 1 37
Northern

Slope % 2 42
Iona Spit 2% 95%
Hebridean

Slope 6% 949
Northern

Slope 8% 92%

TABLE 3.

3% 3.5 1.04.0 3.0
N 4 2.03.0 3.0
N 3.1 1.93.0 2.1

0 1 -
0 6 22
0 7 18
Stain Bor M
4.0 0 1.25
1.0 0.8 11.96
1.6 1.1 9.6

Petrographic averages of some areas of

carbonate-rich (50-75% CaC0;) sediment,
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Table 4. Summary of petrographic

data for carbonate deposits (> 75% CaC03) and surrounding

sediments (<75% CaC0,).

ted are normally'averages'from. several samples. However they are not

statistically rigorous (see pp. 31-32).
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DEPOSIT

Rubha Nan Clach

Passage of Tiree

Sound of Eigg

Hawes Bank

Sandy Riddle

Baas of Linton

West Pentland Firth
Cape Wrath

North Orkney

N. Ronaldsay North Bank

Moray Firth
Orkney Sounds
East Orkney

Barra Head

Gulf of Corryvreckan
West Hebridean Platform
Nun Bank

Shetland-0Out Skerries
Butt of Lewis

West Shetland

Solan Bank

Fair Isle Channel
Yell Sound

Stanton Banks

TABLE 5.

% BARNACLES

51
45

ENVIRONMENT

Atlantic influenced tidal coastal platform

Atlantic influenced tidal passage, platform

Tidal Channel - some Atlantic influence

Atlantic dominated coastal shoal

Tidal coastal sandbank, N. Sea influenced

Tidal coastal sandbank, N. Sea influenced

Tidal passage, Atlantic dominated

Atlantic influenced tidal coastal shelf

Atlantic dominated tidal coastal platform

Tidal, coastal sandbank, Atlantic & N. Sea
influenced

North Sea dominated, tidal, coastal shelf

Tidal channels - some N. Sea influence

North Sea dominated, tidal coastal platform

& shelf

Atlantic dominated tidal platform

Deep tidal channel

Atlantic dominated platform

Atlantic dominated shoal

N. Sea & NE Atlantic dominated platform

Atlantic dominated tidal platform

Atlantic dominated platform

Atlantic dominated offshore shoal

Atlantic dominated offshore tidal platform

Tidal channel-NE Atlantic & N. Sea influenced

Atlantic dominated offshore shoal

Carbonate deposits and their environments ranked by
barnacle content.

MAIN
INFLUENCE

COASTLINE
DOMINATED

A

COASTAL EFFECT

OFFSHORE



Accumulation site Ave % Ave %
(sand banks) Barnacles 'Upstream’ Barnacles

North Ronaldsay ;

- north bank 24 I North Orkney 27
Sandy Riddle 37 West Pentland Firth 37
East Orkney 16

TABLE 6.. Variation in barnacle content between apparent
sites of carbonate accumulation and sediment
supplying them.

Carbonate sandbank Ave Nearby carbonates Ave
Stain Stain

Baas of Linton 3.0 Orkney Sounds 1.3

Sandy Riddle 2.4 Moray Firth 1.4

North Ronaldsay
- north bank 2.3 North Orkney 1.8

TABLE 7. Variation in degree of staining between
carbonate sandbanks and surrounding, or
nearby carbonate sediment.

- 429 -
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DEPOSIT % BIVALVES
Gulf of Corryvreckan 68
Orkney Sounds 60
Yell Sound 59
East Orkney 51
Baas of Linton 47
West Shetland 47
Shetland-0ut Skerries 46
West Pentland Firth 44
Moray Firth 44
North Orkney 43
Butt of Lewis 11
Cape Wrath 40
Solan Bank 40
N. Ronaldsay North Bank 37
Nun Bank 34
Fair Isle Channel 34
Barra Head 34
Stanton Banks 33
Sandy Riddle 32
Sound of Eigg 32
Passage of Tiree 29
West Hebridean Platform 25
Rubha Nan Clach 24
Hawes Bank 23

TABLE 8.

ENVIRONMENT

Deep tidal channel

Tidal channels, some N. Sea influence

Tidal channel, NE Atlantic & N. Sea influenced

N. Sea dominated tidal coastal platform & shelf

Tidal coastal sandbank, N. Sea influenced

Atlantic dominated platform

N. Sea & N.E. Atlantic dominated platform

Tidal passage, Atlantic dominated

N. Sea dominated tidal coastal shelf

Atlantic dominated tidal coastal platform

Atlantic dominated tidal platform

Atlantic influenced tidal coastal shelf

Atlantic dominated offshore shoal

Tidal coastal sandbank, Atlantic & N. Sea
influenced

Atlantic dominated shoal

Atlantic dominated offshore tidal platform

Atlantic dominated tidal platform

Atlantic dominated offshore shoal

Tidal coastal sandbank, N. Sea influenced

Tidal channel, some Atlantic influence

Atlantic influenced tidal passage, platform

Atlantic dominated platform

Atlantic influenced tidal coastal platform

Atlantic dominated coastal shoal

Carbonate deposits and their environments ranked by
bivalve content.
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DEPOSIT % ECHINOIDS ENVIRONMENT

West Hebridean Platform 13 Atlantic dominated platform

Yell Sound 13 Tidal channel, NE Atlantic & N. Sea influenced

Shetland-Out Skerries 12 N. Sea & N.E. Atlantic dominated platform

Nun Bank 10 Atlantic dominated shoal

Solan Bank 9 Atlantic dominated offshore shoal

Fair Isle Channel 9 Atlantic dominated offshore tidal platform

West Shetland 8 Atlantic dominated platform

Butt of Lewis 7 Atlantic dominated platform

Moray Firth 6 N. Sea dominated tidal coastal shelf

Stanton Banks 5 Atlantic dominated offshore shoal

Cape Wrath 5 Atlantic influenced tidal coastal shelf

North Orkney 5 Atlantic dominated tidal coastal platform

Orkney Sounds 5 Tidal channels-some N. Sea influence

Baas of Linton 5 Tidal coastal sandbank, N. Sea influenced

Passage of Tiree 4 Atlantic influenced tidal passage, platform

Hawes Bank 4 Atlantic dominated coastal shoal

Rubha Nan Clach 4 Atlantic influenced tidal coastal platform

Barra Head 4 Atlantic dominated tidal platform

East Orkney 4 N. Sea dominated, tidal, coastal platform

& shelf

West Pentland Firth 4 Tidal passage, Atlantic dominated

Sound of Eigg 3 Tidal channel, some Atlantic effect

Sandy Riddle 3 Tidal coastal sandbank, N. Sea influenced

N. Ronaldsay North Bank 2 Tidal, coastal sandbank, Atlantic & N. Sea
influenced

Gulf of Corryvreckan 1 Deep tidal channel

TABLE 9. Carbonate deposits and their environments ranked

by echinoid content.

MAIN
INFLUENCE

OPEN ATLANTIC.
OFFSHORE.
NON TIDAL.

N Y

ATLANTIC EFFECT
TIDAL EFFECT

OFFSHORE ,
COASTAL,

COASTAL.
TIDAL.
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DEPOSIT % GASTROPODS ENVIRONMENT

West Hebridean Platform 11 Atlantic dominated platform

Rubha Nan Clach 8 Atlantic influenced tidal coastal platform

Solan Bank 8 Atlantic dominated offshore shoal

Butt of Lewis 7 Atlantic dominated tidal platform

Passage of Tiree 6 Atlantic dominated coastal passage/platform

Sound of Eigg 6 Tidal channel - some Atlantic influence

Stanton Banks 6 Atlantic dominated offshore shoal

North Orkney 6 Atlantic dominated tidal coastal platform

West Pentland Firth 6 Tidal passage, Atlantic dominated

Barra Head 5 Atlantic dominated - tidal platform

Cape Wrath 5 Atlantic influenced tidal coastal shelf

Fair Isle Channel 5 Atlantic dominated offshore tidal platform

Sandy Riddle 5 Tidal coastal sandbank, N. Sea influenced

Hawes Bank 4 Atlantic dominated coastal shoal

Nun Bank 4 Atlantic dominated shoal

N. Ronaldsay North Bank 4 Tidal, coastal sandbank, Atlantic & N. Sea
influenced

Shetland-Out Skerries 4 N. Sea & NE Atlantic dominated platform

Gulf of Corryvreckan 3 Deep tidal channel

West Shetland 3 Atlantic dominated platform

East Orkney 2 N. Sea dominated, tidal coastal platform
& shelf

Orkney Sounds 2 Tidal channels, some N. Sea influence

Baas of Linton 2 Tidal coastal sandbank, N. Sea influenced

Moray Firth 2 N. Sea dominated tidal coastal shelf

Yell Sound 1 Tidal channel, NE Atlantic and N. Sea
influenced

TABLE 10. Carbonate deposits and their environments ranked

by gastropod content.

MAIN
INFLUENCE

NOT
RECOGNISABLE
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DEPOSIT

Stanton Banks

N. Ronaldsay North Bank

West Hebridean Platform
Hawes Bank

West Shetland

Nun Bank

Solan Bank

Shetland - Qut Skerries
Fair Isle Channel

North Orkney

Sandy Riddle

Yell Sound

Barra Head

Cape Wrath

W. Pentland Firth
Butt of Lewis
Rubha Nan Clach
Passage of Tiree
Sound of Eigg
Orkney Sounds
Baas of Linton
Moray Firth
East Orkney

Gulf of Corryvreckan

TABLE 11.

% SERPULIDS

36
29

w NN WIW

ENVIRONMENT - MAIN
INFLUENCE

Atlantic dominated offshore shoal ATLANTIC.

Tidal, coastal sandbank, Atlantic & OFFSHORE.
N. Sea influenced /

Atlantic dominated platform A )

Atlantic dominated coastal shoal

Atlantic dominated platform

Atlantic dominated shoal

Atlantic dominated offshore shoal

N. Sea and NE Atlantic dominated platform

Atlantic dominated offshore tidal platform

Atlantic dominated, tidal coastal platform

Tidal coastal sandbank, N. Sea influenced

Tidal channel, NE Atlantic & N. Sea

influenced

Atlantic dominated tidal platform

Atlantic influenced tidal coastal shelf

Tidal passage, Atlantic dominated

Atlantic dominated tidal platform

Atlantic influenced tidal coastal platform

Atlantic influenced tidal passage, platform

Tidal channel, some Atlantic influence

Tidal channels, some N. Sea influence

Tidal coastal sandbank N. Sea influenced

North Sea dominated tidal coastal shelf v

N. Sea dominated, tidal coastal platform A

& shelf N. SEA.
Deep tidal channel COASTAL.

OFFSHORE AND ATLANTIC EFFECT
COASTAL AND N. SEA EFFECT

Carbonate deposits and their environments ranked
by serpulid content.
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DEPOSIT

Fair Isle Channel
Barra Head

Butt of Lewis
Nun Bank

Solan Bank

Moray Firth

East Orkney

Stanton Banks

West Hebridean Platform
Sandy Riddle

Gulf of Corryvreckan
West Shetland

West Pentland Firth
Cape Wrath

Passage of Tiree

North Orkney

Shetland - Out Skerries
Yell Sound

Rubha Nan Clach

N. Ronaldsay North Bank

Orkney Sounds
Hawes Bank
Sound of Eigg
Baas of Linton

TABLE 12.

% BRYOZOA ENVIRONMENT

26 Atlantic dominated offshore tidal platform
25 Atlantic dominated tidal platform
21 Atlantic dominated tidal platform
17 Atlantic dominated shoal
17 Atlantic dominated offshore shoal
16 N. Sea dominated tidal coastal shelf
16 N. Sea dominated tidal coastal platform &
shelf
14 Atlantic dominated offshore shoal
12 Atlantic dominated platform
10 Tidal coastal sandbank, N. Sea influenced
9 Deep tidal channel
8 Atlantic dominated platform
7 Tidal passage, Atlantic dominated
7 Atlantic influenced tidal coastal shelf
6 Atlantic influenced tidal passage, platform
6 Atlantic dominated, tidal coastal platform
6 N. Sea & NE Atlantic dominated platform
5 Tidal channel, NE Atlantic & N. Sea influenced
3 Atlantic influenced tidal coastal platform
3 Tidal, coastal sandbank, Atlantic & N. Sea
influenced
3 Tidal channels, some N. Sea influence
2 Atlantic dominated coastal shoal
2 Tidal channel - some Atlantic influence
2 Tidal coastal sandbank, N. Sea influenced

Carbonate deposits and their environments ranked
by bryozoan content.

MAIN
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"DEEP".
OFFSHORE
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WATER DEPTH EFFECT

COASTAL EFFECT

A v

"SHALLOW"
INSHORE
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Moray Firth

West Shetland

Shetland - Out Skerries
East Orkney

Cape Wrath

Barra Head

Butt of Lewis

Nun Bank

Fair Isle Channel

Yell Sound

Passage of Tiree

West Pentland Firth
Stanton Banks

Solan Bank

Hawes Bank

Sound of Eigg

Rubha Nan Clach

North Orkney

Orkney Sounds

Baas of Linton

Sandy Riddle

West Hebridean Platform
Gulf of Corryvreckan

N. Ronaldsay North Bank

TABLE 13.

% FORAMINIFERA
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ENVIRONMENT

N. Sea dominated tidal coastal shelf

Atlantic dominated platform

N. Sea & NE Atlantic dominated platform

N. Sea dominated, tidal coastal platform &

shelf

Atlantic influenced tidal coastal shelf

Atlantic dominated tidal platform

Atlantic dominated tidal platform

Atlantic dominated shoal

Atlantic dominated offshore tidal platform

Tidal channel, NE Atlantic & N. Sea influenced

Atlantic influenced tidal passage/platform

Tidal passage, Atlantic dominated

Atlantic dominated offshore shoal

Atlantic dominated offshore shoal

Atlantic dominated coastal shoal

Tidal channel, some Atlantic influence

Atlantic influenced tidal coastal platform

Atlantic dominated tidal coastal platform

Tidal channels, some N. Sea influence

Tidal coastal sandbank, N. Sea influenced

Tidal coastal sandbank, N. Sea influenced

Atlantic dominated platform

Deep tidal channel

Tidal coastal sandbank, Atlantic & N. Sea
influenced

Carbonate deposits and their environments ranked by
foraminifera content.

MAIN
INFLUENCE

OPEN SHELF.
LOWER CURRENTS

A Y

OPEN SHELF EFFECT
COASTAL CURRENT EFFECT

COASTAL
HIGH CURRENTS
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DEPOSIT

Gulf of Corryvreckan
Solan Bank

Stanton Banks

N. Ronaldsay N. Bank

GRAIN SIZE

ENVIRONMENT

Deep tidal channel

Atlantic dominated offshore shoal

Atlantic dominated offshere shoal

Tidal coastal sandbank, Atlantic & N. Sea
influenced

Tidal channels, some N. Sea influence

INFLUENCE

- 9¢v -

N. Sea & Atlantic dominated platform

Atlantic dominated platform

Tidal passage, Atlantic dominated

Tidal channel, some Atlantic influence

Tidal channel, NE Atlantic & N. Sea influenced
N. Sea dominated tidal coastal shelf

11= Shetland - Out Skerries
17= West Hebridean Platform
17= West Pentland Firth

19= Sound of Eigg

19= Yell Sound

21 Moray Firth

3= Orkney Sounds
3= Baas of Linton Tidal coastal sandbank, N. Sea influenced
7= Nun Bank Atlantic dominated shoal
7= Fair Isle Channel Atlantic dominated offshore tidal platform 5
7= North Orkney Atlantic dominated tidal coastal platform t
7= Sandy Riddle Tidal coastal sandbank, N. Sea influenced W
1= Passage of Tiree Atlantic influenced todal passage/platform —
11= Hawes Bank Atlantic dominated coastal shoal X
1= Rubha Nan Clach Atlantic influenced tidal coastal platform 5
1= Cape Wrath Atlantic influenced tidal coastal shelf =
1= West Shetland Atlantic dominated platform o
[
'_.
=
&
o
=
(&

P POWNVNINNOODOPRNPOOLOOD ooh g

22 Barra Head Atlantic dominated tidal platform A

23 Butt of Lewis Atlantic dominated tidal platform

24 East Orkney N. Sea dominated, tidal coastal platform & LOWER
shelf CURRENTS

TABLE 14. Carbonate deposits and their environments ranked by
average grain size.
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1
2=
2=
4=
4=
7=
7=
9=
9=
1
12=
12=
12=
12=
12=
17
18
19=
19=
19=
19=

19=
19=

DEPOSIT

Solan Bank

Gulf of Corryvrechan
Baas of Linton

Barra Head

Butt of Lewis

Sandy Riddle

Nun Bank

East Orkney -

Hawes Bank

Stanton Banks

West Hebridean Platform
Cape Wrath

Fair Isle Channel
Orkney Sounds

West Shetland

Shetland - OQut Skerries
West Pentland Firth
North Orkney

Passage of Tiree

Sound of Eigg

Rubha Nan Clach

N. Ronaldsay North Bank

Moray Firth
Yell Sound

TABLE 15.

SORTING ENVIRONMENT

Atlantic dominated offshore shoal

Deep tidal channel

Tidal coastal sandbank, N. Sea influenced

Atlantic dominated tidal platform

Atlantic dominated tidal platform

Tidal coastal sandbank, N. Sea influenced

Atlantic dominated shoal

N. Sea dominated, tidal coastal platform &
shelf

Tidal channel - some Atlantic influence

Atlantic dominated offshore shoal

Atlantic dominated platform

Atlantic influenced tidal coastal shelf

Atlantic dominated offshore tidal platform

Tidal channels, some N. Sea influence

Atlantic dominated platform

N. Sea & NE Atlantic dominated platform

Tidal passage, Atlantic dominated

Atlantic dominated, tidal coastal platform

Atlantic influenced tidal passage/platform

— et S NN N

o cooOLMWwWWwWWRNG oo oo oD D

Atlantic influenced tidal coastal platform

Tidal coastal sandbank, Atlantic & N. Sea
influenced

N. Sea dominated tidal coastal shelf

Tidal channel, NE Atlantic & N. Sea influenced

—t ) ) ) el wmd v mnd et el —) o—a) —) —

wnd

Carbonate deposits and their environments ranked by
sorting (visually assessed)

MAIN
INFLUENCE

NOT
RECOGNISABLE



RANK DEPOSIT ROUNDNESS ENVIRONMENT MAIN

- B8EV -

: INFLUENCE
1 N. Ronaldsay North Bank 5.3 Tidal, coastal sandbank, Atlantic & N. Sea EXPOSURE TO
. influenced CURRENTS
2 North Orkney 5.1 Atlantic dominated, tidal, coastal platform STRONG CURRENTS
3= Hawes Bank 5.0 Atlantic dominated coastal shoal A
= Baas of Linton 5.0 Tidal coastal sandbank, N. Sea influenced
5= Solan Bank 4.5 Atlantic dominated offshore shoal
= Orkney Sounds 4.5 Tidal Channels, some N. Sea influence
= Stanton Banks 4.3 Atlantic dominated offshore shoal e
= Sandy Riddle 4.3 Tidal coastal sandbank, N. Sea influenced &
9 West Hebridean Platform 4.0 Atlantic dominated platform &
10= Nun Bank 3.9 Atlantic dominated shoal 316G
10= = West Pentland Firth 3.9 Tidal passage, Atlantic dominated ™
12 West Shetland 3.8 Atlantic dominated platform 2
13 Cape Wrath 3.7 Atlantic influenced tidal coastal shelf
14 Barra Head 3.6 Atlantic dominated tidal platform & |
15 Butt of Lewis 3.5 Atlantic dominated tidal platform o |2
16= Fair Isle Channel 3.4 Atlantic dominated offshore tidal platform §’<. §=_‘
16= Shetland - Out Skerries 3.4 N. Sea & NE Atlantic dominated platform Wl n
18 Passage of Tiree 3.2 Atlantic dominated tidal passage/platform w | e
19= Gulf of Corryvreckan 3.0 Deep tidal channel S| =
19= Sound of Eigg 3.0 Tidal channel - some Atlantic influence -
19= Moray Firth 3.0 N. Sea dominated tidal coastal shelf W | 3
22= East Orkney 2.7 N. Sea dominated, tidal coastal platform & e
shelf a
22= Yell Sound 2.7 Tidal channel, NE Atlantic & N. Sea influenced
22= Rubha Nan Clach 2.7 Atlantic influenced tidal coastal platform A

TABLE 16.

Carbonate deposits and their environments ranked by
carbonate grain roundness.




RANK DEPOSIT POLISH ENVIRONMENT MAIN

INFLUENCE
1= Hawes Bank Atlantic dominated coastal shoal EXPOSURE TO
1= N. Ronaldsay North Bank Tidal, coastal sandbank, Atlantic & N. Sea CURRENTS
influenced
= Baas of Linton Tidal, coastal sandbank, N. Sea influenced STRONG CURRENTS
Sandy Riddle Tidal coastal sandbank, N. Sea influenced A
North Orkney Atlantic dominated tidal coastal platform

Butt of Lewis

Atlantic dominated tidal platform

- 6tV -

Barra Head Atlantic dominated tidal platform
West Pentland Firth Tidal passage, Atlantic dominated
Solan Bank Atlantic dominated offshore shoal

1 West Hebridean Platform Atlantic dominated platform

= Gulf of Corryvreckan Deep tidal channel

11= Stanton Banks Atlantic dominated offshore shoal

Atlantic dominated shoal

Atlantic influenced tidal coastal shelf

N. Sea dominated, tidal coastal platform
& shelf

Tidal channels, some N. Sea influence

N. Sea dominated tidal coastal shelf

Atlantic influenced tidal passage/platform

Atlantic dominated offshore tidal platform

N. Sea & NE Atlantic dominated platform

Tidal channel, some Atlantic influence

Atlantic dominated platform

Tidal channel, NE Atlantic & N. Sea influenced

Atlantic influenced tidal coastal platform

13 Nun Bank
14= Cape Wrath
14= East Orkney

14= Orkney Sounds

17 Moray Firth

18 Passage of Tiree

19 Fair Isle Channel

20 Shetland - Out Skerries
21 Sound of Eigg

22 West Shetland

23 Yell Sound

24 Rubha Nan Clach

DEGREE OF EXPOSURE TO CURRENTS
CURRENT STRENGTH EFFECT

= RRORRRNN RRRWWWWWWWWw oo
OWPMO—=WUINN NNOLOONWARINDLES OO

TABLE 17. Carbonate deposits and their environments ranked by
degree of polish of carbonate grains.
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RANK  DEPOSIT STAINING ENVIRONMENT MAIN

INFLUENCE
1 Hawes Bank 4.0 Atlantic dominated coastal shoal BANKS
2= Stanton Banks Atlantic dominated offshore shoal &
2= Sound of Eigg Tidal channel, some Atlantic influence SHOALS
2= Baas of Linton Tidal coastal sandbank, N. Sea influenced 4\
5 Passage of Tiree Atlantic influenced tidal passage/platform
6 West Pentland Firth Tidal passage, Atlantic dominated
7= Sandy Riddle Tidal coastal sandbank, N. Sea influenced
7= West Shetland Atlantic dominated platform
7= Shetland - Out Skerries N. Sea & NE Atlantic dominated platform
10= N. Ronaldsay North Bank Tidal coastal sandbank, Atlantic & N. Sea
influenced
10= East Orkney N. Sea dominated, tidal coastal platform &
shelf

Deep tidal channel

Atlantic influenced tidal coastal platform
Atlantic dominated tidal coastal platform
Atlantic influenced tidal coastal shelf

Tidal channel, NE Atlantic & N. Sea influenced
N. Sea dominated tidal coastal shelf

Tidal channels, some N. Sea influence
Atlantic dominated tidal platform

12=  Gulf of Corryvreckan
12=  Rubha Nan Clach

14 North Orkney

15 Cape Wrath

16 Yell Sound

17 Moray Firth

18 Orkney Sounds

19.  Butt of Lewis

? DEGREE OF WAVE AGITATION

CODOO—=m==mmolN N NN R R R W W w
PUPOOOWPOANDOD w whbbpooooo

20  Barra Head Atlantic dominated tidal paltform A

21=  West Hebridean Platform Atlantic dominated platform

21=  Fair Isle Channel Atlantic dominated offshore tidal platform SOUNDS

23 Solan Bank Atlantic dominated offshore shoal &

24 Nun Bank Atlantic dominated shoal PLATFORMS
TABLE 18. Carbonate deposits and their environments ranked

by degree of staining of carbonate grains.
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Yell Sound

West Shetland

Shetland - OQut Skerries
Rubha Nan Clach
Stanton Banks

Passage of Tiree

Moray Firth

Orkney Sounds

North Orkney

Solan Bank

N. Ronaldsay North Bank

Gulf of Corryvreckan
Hawes Bank

Sound of Eigg

East Orkney

Baas of Linton

West Pentland Firth
West Hebridean Platform
Cape Wrath

Fair Isle Channel
Sandy Riddle

Barra Head

Butt of Lewis

Nun Bank

TABLE 19.

DEGREE OF
BORING
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ENVIRONMENT

Tidal channel, NE Atlantic & N. Sea influenced

Atlantic dominated platforms

N. Sea & NE Atlantic dominated platform

Atlantic influenced tidal coastal platform

Atlantic dominated offshore shoal

Atlantic influenced tidal passage/platform

N. Sea dominated tidal coastal shelf

Tidal channels, some N. Sea influence

Atlantic dominated tidal coastal platform

Atlantic dominated offshore shoal

Tidal coastal sandbank, Atlantic & N. Sea
influenced

Deep tidal channel

Atlantic dominated coastal shoal

Tidal channel, some Atlantic influence

N. Sea dominated tidal coastal platform & shelf

Tidal coastal sandbank, N. Sea influenced

Tidal passage, Atlantic dominated

Atlantic dominated platform

Atlantic influenced tidal coastal shelf

Atlantic dominated offshore tidal platform

Tidal coastal sandbank, N. Sea influenced

Atlantic dominated tidal platform

Atlantic dominated tidal platform

Atlantic dominated shoal

Carbonate deposits and their environments ranked by

degree of boring.

MAIN
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Hawes Bank 14.10 Atlantic dominated coastal shoal

Baas of Linton 13.50 Tidal coastal sandbank, N. Sea influenced

Stanton Banks 12.80 Atlantic dominated offshore shoal

N. Ronaldsay North Bank 12.40 Tidal coastal sandbank, Atlantic & N. Sea
influenced

North Orkney 11.85 Atlantic dominated tidal coastal platform

Sandy Riddle 11.40 Tidal coastal sandbank, N. Sea influenced

West Shetland 11.40 Atlantic dominated platform

West Pentland Firth 11.25 Tidal passage, Atlantic dominated

Solan Bank 10.85 Atlantic dominated offshore shoal

Shetland - Out Skerries 10.85 N. Sea & NE Atlantic dominated platform

Passage of Tiree 10.75 Atlantic influenced tidal passage/platform

Orkney Sounds 10.65 Tidal channels, some N. Sea influence

East Orkney 10.05 N. Sea dominated, tidal coastal platform/shelf

Gulf of Corryvreckan 9.75 Deep tidal channel

Sound of Eigg 9.75 Tidal channel, some Atlantic influence

Butt of Lewis 9.35 Atlantic dominated tidal platform

Cape Wrath 9.35 Atlantic influenced coastal shelf

Moray Firth 9.35 N. Sea dominated coastal shelf

West Hebridean Platform 9.30 Atlantic dominated platform

Yell Sound 9.20 Tidal channel, NE Atlantic & N. Sea influenced

Barra Head 9.09 Atlantic dominated tidal platform

Rubha Nan Clach 8.60 Atlantic influenced tidal coastal platform

Nun Bank 7.90 Atlantic dominated shoal

Fair Isle Channel 7.70 Atlantic dominated offshore tidal platform

TABLE 20.

Carbonate deposits and their environments ranked by
Maturity Index (M)

MAIN
INFLUENCE

HIGH EXPOSURES
TO CURRENTS.
STRONG CURRENTS
ACCUMULATION
SITES

N\

CURRENTS

<DEGREE OF EXPOSURE TO

”~

EXPOSURE TO
CURRENTS.

WEAKER CURRENTS.
SLOWER, LOCAL
TRANSPORT.



o~ Q 4
(2] b = —
5 o =& 8 & 8
Deposit 4 q q q < <
1. Gulf of Corryvreckan - - - - - -
2. Passage of Tiree +0.6 -0.3 +0.9 +1.5 +0.3 -0.2
3.  Hawes Bank +0.5 +0.3 +1.4 +1.2 +1.8 0.0
4. Sound of Efgg +0.3 0.2 +0.7 401 +.1 -0.2
5. Sligachan - Scalpay - - Insufficient data -
6. Rubha Nan Clach +1.0 -0. +0.5 -1.0 +1.5 +1.5
7. Shiant - - Insufficient data -
8. Southeast Shiant Sandbank - - Insufficient data -
9. Sound of Iona - - Insufficient data -
10.  Stanton Banks *  40.5 +0.5 +0.3 .0 =1.0 +1.0
11. Barra Head 0.0 40.5 +1.3 +1.3 =14 1.3
12. West Hebridean Platform * 0.0 +0.4 -0.3 +0.5 -1.5 +40.5
13. Butt of Lewis +0.5 -0.3 +1.0 +0.1 =1.1 +0.)
14, Cape Wrath +0.2  -0.1 -0.1 0.0 -0.2 -0.4
15. Nun Bank +0.2 +0.4 +0.3 +0.3 -0.8 +0.9
16. Solan Bank * +0.7 +1.3 +2.0 +2.3 -3.3 =-2.7
17.  Fair Isle Channel A1l sediments in vicinity are >75% CaC0,
18. Fair Isle Sandwave Field " " " “ " "
19. North Orkney " " u " " "
20. N. Ronaldsay North Bank " " " " " "
21. East Orkney " " " » "
22. N. Ronaldsay East Bank " " " " " "
23. Orkney Sounds " " " ® " "
24. Baas of Linton " " U " " "
25. Dowie sand - - Insufficient data -
26. West Pentland Firth * +1.2 +0.2 +1.9 -0.6 +2.8 +1.0
27.  Sandy Riddle +0.5 -0.5 +1.2 0.9 0.1 -0.4
28. Moray Firth * +0.3 +0.0 +1.0 4.6 -1.1  -2.2
29.  Hest Shetland +0.6 +0.0 +0.8 -0.3 +0.6 -0.5
30. Foula - - Insufficient data -
31. Northeast Shetland - - Insufficient data -
32. Shetland - Out Skerries +0.8 0.0 +0.5 -0.2 +0.9  +0.1
33.  Yell Sound +0.2  -0.3 +0.6 2.7 0.1 +1.0
NB. a = -
NB. (a) ATEX TEX 75 TEX 50y
(b) *implies that data on surrounding carbonate rich (50-75%)
sediment is very limited - eg. only one sample.
(¢) values for M in brackets are difference between M for
the carbonate sandbank and surrounding carbonate sediments.
TABLE 21.  DIFFERENCES BETWEEN TEXTURAL PROPERTIES OF DEPOSITS (D 75% Cacoa) AND

SURROUNDING SEDIMENTS (50-75% CaCo

3)
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LM

+1.15
+3.85
+1.30

+1.7

+2.55
+1.36
-0.60
-0.50
-0.90

0.95
-1.90

(-0.55)

(-2.85)

+4.00
+0.75
-1.65
+1.45

+1.00
+0.20



1447

DEPTH

BARN

BIV

ECH

GAST

 SERp

BRY

CALAL

FORAM

GNSI

SORT

ROUND

POL

STAIN

BOR

Hl

DEPTH BARN BIV

-0.5598 0.1878
P=0.002 P=0.190

-0.4323
£=0.017

TABLE 22.

ECH GAST

0.0732 0.0166
P=0.367 P=0.469

-0.5794 0.1444
P=0.002 P=0.250

0.0019 -0.6517
P=0.497 P=0.000

0.1225
P=0.284

SERP

0.2993
P=0.078

-0.2863
P=0.087

-0.4322
P=0.017

0.2247
P=0.146

0.2873
P=0.087

BRY

0.4346
P=0.017

-0.5974
P=0.001

~0.0939
P=0.331

0.2397
P=0.130

0.1652
P=0.220

0.0198
P=0.463

CALAL
-0.4912
P=0.007

0.4448
P=0.015

-0.0295
P=0.446

-0.3168
P=0.066

0.0047
P=0.491

-0.3452
P=0.049

-0.3637
P=0.040

FORAM

0.2049
P=0.168

-0.4290
P=0.018

0.1675
P=0.217

0.3819
P=0.033

-0.3717
P=0.037

-0.2085
P=0.164

0.474)
P=0.010

-0.3346
P=0.055

Pearson Correlation Coefficients for average petrographic

characteristics of carbonate deposits.

GNSI

0.2226
P=0.148

0.0726
P=0.368

0.0950
P=0.329

-0.0821
P=0.351

0.0620
P=0.387

0.2820
P=0.09)

-0.3919
P=0.029

-0.0018
P=0.497

-0.5815
P=0.001

SORT

0.2129
P=0.15%

-0.3043
P=0.074

0.1647
P=0.221

-0.0389
P=0.429

0.0547
P=0.400

-0.0455
P=0.416

0.3990
P=0.027

-0.1435
P=0.252

-0.1082
P=0.307

0.1364
P=0.263

ROUND

-0.2844
P=0.089

0.0737
P=0.366

-0.1657
P=0.220

-0.1649
P=0.221

0.0939
P=0.331

0.4866
P=0.008

-0.2115
P=0.161]

-0.0523
P=0.404

-0.5238
P=0.004

0.4171
P=0.021

0.2487
£=0.121

POL

-0.141Y
P=0.254

0.0534
P=0.402

-0.1128
P=0.300

-0.3580
P=0.043

0.1054
P=0.312

0.2142
P=0.157

0.1080
P=0.308

-0.1284
P=0.275

-0.3761
P=0.035

0.0909
P=0.336

0.4967
P=0.007

0.7960
P=0.000

STAIN

-0.1177
P=0.292

0.5587
P=0.002

-0.1220
P=0.285

-0.4774
P=0.0C9

-0.2042
P=0.169

0.1199
P=0.288

-0.6501
P=0.000

0.1991
P=0.175

-0.2505
P=0.119

0.1257
P=0.279

-0.2045
P=0.169

0.1475
P=0.246

0.0888
P=0.340

BOR

0.1012
?=0.319

-0.0917
P=0.335

0.2979
P=0.079

0.2701
P=0.101

-0.2949
P=0.081

0.1242
P=0.282

-0.4644
P=0.011

-0.0723
P=0.369

0.1261
P=0.279

0.1302
P=0.272

-0.4813
P=0.009

-0.2617
P=0.108

-0.6058
P=0.001

0.2825
P=0.091

MI

-0.1905
P=0.186

0.2768
P=0.095

-0.0485
P=0.411

-0.3564
P=0.044

-0.1306
P=0.27

0.3806
P=0.033

-0.5190
P=0.005

-0.0006
P=0.499

-0.4311
P=0.018

J.2975
P=0.079

0.1400
P=0.257

0.7057
P=2.000

0.5668
P=J.002

0.7353
P=0.000

0.1593
P=0.229



v ——t i .

Factor 3
(18.6%)

-0.01399
-0.11669
0.00956
-0.24263
0.12466
-0.10093
0.49704
-0.05388
-0.17003
-0.01962
0.64265
0.44187
0.79530
-0.24983
-0.83918

: Nearshore versus offshore conditions
: Maturity - current activity/age, etc.

Factor 4
(16.9%)

-0.08850
0.25396
-0.97821
c.11om
0.66991
0.47464
0.19210
-0.03417
-0.17332
-0.06895
-0.12781
0.14133
0.08215
-0.05441
-0.28298

Factor 1 Factor 2
(35.7%) (28.8%)

Depth 0.58786 0.01700
Barnacles ~-0.93494 0.10175
Bivalves 0.16519 -0.01582
Echinoids 0.56004 -0.17637
Gastropods 0.02787 0.04659
Serpulids 0.48350 0.60192
Bryozoa 0.60607 -0.56187
Calc. Algae -0.59617 -0.05048
Foraminifera 0.38557 -0.62756
Grain size 0.02548 0.62156
Sorting 0.21615 0.07163
Roundness -0.06213 0.72721
Polish -0.09315 0.43493
Staining -0.45637 0.38462
Boring 0.14881 0.18823

Factor 1

Factor 2

Factor 3 & 4 : Not determined

TABLE

23 . Factor analysis of petrographical

characteristics using a Varimax rotated
factor matrix.
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COMPOSITION

% %
Barnacle 0 COASTAL AND ROCK EFFECT > 51
OFFSHORE AND ATLANTIC EFFECT >
Sehinaid 0 e COASTAL AND TIDAL EFFECT 13+
ROCK AND OFFSHORE OR ATLANTIC EFFECT >
lid y
Serpull 0 COASTAL AND NORTH SEA EFFECT 36+
—
, FFECT
WATER DEPTH EFFEC >
Bryozoa 0 26+
< OPEN SHELF EFFECT
OPEN SHELF EFFECT >
Foraminifera 0 8+
< COASTAL AND TIDAL CURRENT EFFECT
WAVES TIDAL CHANNELS
Bivalve 23 33 47 68
WEST SCS NE SCS
TEXTURE
EXTREME CURRENTS
Roundness 10 - = - 27 —_—pp 53~ - — p60
RARE OR SHORT DURATION FREQUENT AND/OR LONG DURATION
OF EXPOSURE TO CURRENTS OF EXPOSURE TO CURRENTS
Polish 0 — = < 10 —_— 40
CURRENTS A/A CURRENTS A/A
Table 24

Summary of petrographical variation of carbonates
on the SCS in relation to their environments.
Percentages quoted refer to maximum ‘averages’
of deposits. Locally values can be higher.




Empirical "Combined
equivalent unidirectional
velocity" (CV). Compare this#
Crittcal threshold combinations of velocities with "unidirectional
current only"
Critical Threshold Velocities Wave veriod = 5 secs Wave period = 15 secs
Mean sediment Unidirectional | Wave currents| Wave currents] Have current| Unidirectional Wave Cyrrent| Unidirectionall |5 sec waves 15 sec waves
grain diameter|| current only only (5 sec) | only (10 sec) velocity current velocity velocity current CV=TV+0.3uV CV=TV + 0.7WV
( mm) cm/sec cm/sec cm/sec cm/sec cm/sec cm/sec velocity
(Wy) (Tv) (uv) cm/sec
(V)
1.134 26.7 35.0 30.3* 4.00 27.1 2.67 24.7 28.3 . 26.6
8.00 24.6 4.20 24.1 27.0 27.0
12.00 22.9 6.00 23.1 26.5 27.3
18.0 21.5 9.45 19.4 26.9 26.0
24.0 20.3 10.0 18.9 27.5 25.9
12.0 17.5 25.9
16.8 13.9 25.7
20.0 12.7 26.7
20.9 9.3 23.9
0. 24.3 31.9 + 4.00 23.5 2.67 21.6 4.7 23.5
8.00 22.5 6.00 19.8 P29 24.0
12.00 21.3 10.0 17.7 i 24.9 24.7
18.00 19.8 12.0 15.9 25.2 24.3
24.00 17.4 16.0 13.1 24.6 24.3
20.0 10.9 24.9 -
€.363 21.9 27.0 27.0 4.00 21.6 2.67 19.4 22.8 21.3
8.00 20.4 6.00 17.4 22.8 21.6
12.0 18.0 10.0 15.9 21.6 22.6
18.0 15.5 12.0 14.3 ; 20.9 22.7
16.0 11.2 22.4
20.0 9.2 23.2
! 0.142 15.6 17.3 25.4 4.0 18.3 2.67 15.6 19.5 17.4
; 8.0 17.7 6.00 14.0 20.1 18.2
| 12.0 16.4 10.00 12.5 20.0 19.5
! 18.0 8.1 12.0 10.9 13.5 ! 19.3
! 16.0 9.6 f 20.8
i 20.0 6.9 ! 20.9

TABLE 25.

* Affected by flume resonance

+ Restricted by flume resonance

Results of the flume experiments of Hammond & Collins (1979) for combined unidirectional and oscillatory

current thresholds.

Values in the two right hand columns are derived from the empirical formulae for ‘CV',

originated in this thesis to estimate an equivalent unidrectional current threshold, given a wave current
velocity, and a superimposed unidrectional current velocity.



Sieved
grain size (mm)

Threshold current for
quartz sand (cm/sec)

Threshold current for
shell sand (cm/sec)

0.5-1.0
1.0-2.0
2.0-4.0

27
36
39

13
20
22

TABLE 26.

Crude threshold velocities for

shell sand (sample 58-03/2) and

quartz sand, derived at Strathclyde.
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W. Fair Isle Channel

N. Fair Isle Channel

Water 60 m 110 m 60 m 110 m
Depth
Tidal Current  'M1.0 21 19 32 29
(cm/sec)
PS
1.0 37 33 58 51
Wave 0.1% exceedance 75 40 75 40
Current 1.0% exceedance 50 30 50 30
(cm/sec) 50% exceedance 5 1 5 1
0.1%, PN 126 75 137 85
0.1% max, PS 268 156 289 174
cv 1%, PN 91 60 102 71
1% max, PS 191 122 212 143
(cm/sec) 50% PN 28 22 39 30
50% max, PS 52 36 73 54
PNET 41% 38%

Table 27. Tidal, wave, and combined equivalent unidrectional (CV)
(For S. Fair Isle

current velocities in N&W Fair Isle Channel.

Channel see North Orkney).
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SUSPENSTON
(mm)

CASE OCCURRENCE INCIDENCE i'CV] 0 THRESHOLD (mm)
‘ em/sec) size GRAIN SIZE
i Quartz Carbonate | Quartz Carbonate
. i i
0.1%, PN - -Exceeded by ' 90 2.5 20+ ! 0.26 0.9 - 2.0
. at least 1 ; : !
Extreme winter storm wave in 4. | ' i
once in 3 years . , *
0.1% max, P§ - -maximum | 189 12 100+ | 0.6 2 - 20*
attained ; ,
% | 7
1%, PN -Exceeded by at | 69 1.4 4+ 0.25 0.77- 1.8
, least 1 wave in! !
Severe winter storm | 3
3-4 times per year ] oo
1% max, PS -maximum attained; 142 9 100+ 0.43 1-3
50%, PN -Exceeded by at least| 23 0.04 0.05 3 0.04 0.05 |
'Rough' sea 178 1 wave in 4 |
days per year . . |
50% max, PS ' -maximum attained 4] 0.23 0.5-1 0.23 .5-1 f
TABLE 28. Particle size thresholds for varying weather conditions in the west

Fair Isle Channel at 80-90 m depth.
Appendix 3 , Tables46 & 47 ).

(See also Figs.5557Tables27,29and
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NORTH ORKNEY (60m)

NORTH RONALDSAY north bank

and North Orkney (30m)
Current Carbonate Carbonate Current Carbonate Carbonate
cm/sec  Theshold Suspension Threshold Gn Sz  Suspension Gn Sz
Gn Sz (mm) Gn Sz (mm) (mm) (mm)
PNio 46 53
Tidal
PS]_O 69 80
0.1% 75 120
Wave 1.0% 45 85
50% 5 17
0.1%, PN 151 100+ 1-3 214 100+ 2-5
0.1%max, PS 300 100+ 3+ 450 100+ 4+
1%, PN 116 100+ 1-2 172 100+ 1.5-4.5
cv
1%max, PS 208 100+ 2-5 342 100+ 3+
50%, PN 53 1-3 0.6-1.2 77 2 .7-1.5
50%max,ﬁ$ 84 10+ 0.7-1.5 ! 132 7-100+ .8-1.8
Table 29. Tidal, wave and combined equivalent unidirectional (CV) velocities,

with carbonate particle size thresholds, for North Orkney.
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] Nearshore ] Offshore
Water (E. of Stronsay Firth)
Depth 30m 50m 70m 90m
Tidal PNy o 52 47 40 38
LCurrent
(cm/sec) PS].0 76 69 25 23
#Nave 0.1% exceedance 45-125 35-95 25-70 10-45
current 1% exceedance 30-90 20-60 10-40 5-30
(cm/sec) 50% exceedance 8-20 4-10 0-4 0
0.1%, PN 112-227 96-180 60-723 37-86
0.1% max, PS 214-461 177-362 117-256 69-177
v 1%, PN 94-178 79-131 39-81 30-65
(cm/sec) 49 max, PS 168-353 131-254 71-163 53-92
50%, PN 63-80 53-61 25-30 23
50% max, PS 101-158 81-100 40-52 38
PNET 41%

Table 30. Tidal, wave and combined equivalent unidirectional (Cv) bottom current

velocities, East Orkney.
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Location WPF ° S-S SR/CH SR EPF/MF MF
Water Depth 80m 70m 50m 20m 30m 50m
Tidal current PN, 4 39 139 148 57 21 19
(cm/sec) PS
1.0 72 224 239 85 39 23
0.1% exceedance ' 50 50 25+ 75+ 45+ 25+
Wave current 1% exceedance 35 35 15+ 50+ 35+ 15+
(cm/sec) 50% exceedance 4 4 0+ 15+ 7+ 0+
0.1%, PN 109 209 183 162 84 54
0.1% max, PS 226 378 306 316 178 100
cv 1%, PN 88 188 169 127 70 40
(cm/sec) 1% max, PS 180 332 285 239 147 46
50%, PN 45 145 148 78 31 19
50% max, PS 84 236 239 131 61 23
PNET 40% 33% 65%
Table 31.  Tidal, wave, and combined equivalent unidirectional (CV) bottom current velocity,

Pentland Firth and Moray Firth area.
Key to Localities: WPF= West Pentland Firth, S-S=Stroma-Stroma gap, SR/CH= channel west of Sandy Riddle,
SP=Sandy Riddle, EPF/MF=East Pentland Firth-Moray Firth transition, MF=Moray Firth. Refer also to Figs.52b¥ 7



Water Depth =120 m
Tidal ™.0 85
Current s
(cm/ P
sec) 1.0 170
Nave 0.1% exceedance 25
Current 1% exceedance 15 .
(cm/sec) 5oy exceadance 0
0.1%, PN 120
0.1% max, PS 247
cv 1%, PN 106
(cm/sec) 1% max, PS 216
50%, PN 85
50% max, PS 170

Table 32. Tidal, wave and combined equivalent unidirectional (CV)
bottom-current velocities, Gulf of Corryvreckan.
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SOUTH END NORTH END
Water Depth S5m 55m
Tidal PN
current 1.0 20 30
(cm/sec)
P31.0 35 55
0.1% exceedance 75 60
Wave
current 1% exceedance 50 45
(cm/sec)
50% exceedance 5 5
.14, PN 114 98
.1% max, PS 247 211
cv 1%, PN 79 77
(cm/sec) 1% max, PS 170 165
50%, PN 16 21
50% max, PS 31 4]
PNET 75% 60%

Table 33. Tidal, wave, and combined equivalent unidirectional bottom-current velocities,

Passage of Tiree.
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Water Depth 130m 90m 40m

Tidal current PN 12 13 15
(cm/sec) PS 20 21 25
0.1% exceedance 40 50 110

Wave current 1% exceedance 25 40 90
(cm/sec) 0% exceedance 0 5 15
0.1%, PN 68 83 169

cv 0.1% max, PS 143 . 175 354
(cm/sec) 1%, PN 47 69 4
1% max, PS 97 144 302

50% PN 12 20 36

50% max, PS 20 36 n

PNET 38%

Table 34. Tidal, wave, and combined equivalent unidirectional (CV) bottom-current

velocities, Stanton Banks.
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Location BH IWHP OWHP BL
Water Depth 60 40 80 60
Tidal current PN 18 12 5 12
(cm/sec) PS 32 22 10 21
0.1% exceedance 75 100 50 75
Wave current 1% exceedance 50 75 30 50
(cm/sec) 50% exceedance 8 10 5‘ 8
0.1%, PN 123 152 75 117
cv 0.1% max, PS 263 330 164 252
(cm/sec) 1%, PN 88 117 47 91
1% max, PS 186 253 102 175
50% PN 29 26 12 23
50% max, PS 57 53 25 46
PNET 57% 46% 46% 39%

Table 35. Tidal, wave, and combined equivalent unidirectional(CV) bottom current velocities,
Outer Hebrides.

Key to Locations: BH= Barra Head, IWHP= Inner West Hebridean Platform,
OWHP=Outer West Hebridean Platform, BL= Butt of Lewis.
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Location Cape Wrath Nun & Solan Banks
Water Depth 60m 70m
Tidal current PN] 0 35 18
(cm/sec)
PS1.0 69 34
0.1% exceedance 75 70
Wave current
1% exceedance 50 50
(cm/sec)
50% exceedance 8 8
0.1%, PN 140 116
0.1% max, PS 300 250
cv 1%, PN 105 88
(cm/sec) 1% max, PS 223 188
50%, PN 46 29
50% max, PS 94 59
PNET 55%

Table 36 Tidal, wave and combined equivalent unidirectional (CV) bottom-current

velocities, Northern Shelf.




SAMPLE NO. SAMPLE DESCRIPTION LOCATION POSITION WATER DEPTH  MEAN *CORRECTED’ REFERENCE
LAT, (m) RADIOMETRIC AGE
) AGE
C74 14407 Bulk sample. gravel only N. Fair Isle Channel 59-53-06N 2-04-03 92 5406450 5006 Wilson (19792
M 72 9N Bulk sample, gravel only W. Pentland Firth §8-40-00N 3-27-824 75 2752455 23152 .
s 12N Bulk sample, gravel only W. Barra Head 56-45-16N 7-54-34% 99 4072455 3672 .
JM 109 Glycymaris glyoymeris, valve N.E. Pa;:lg& of 56-40N 6-16W 0 789486 389 Cucci (1979)
ree
o™ 36 Arctica islandica valve Colonsay-Jura 55-598 6-M 23 828486 428 -
027 Sarnacle plates from shell Qronsay-Islay 55-59N 6-15W 20 558486 158 .
035 Pecten mazimus valve Sound of Jura §S-5IN 5-500 42 632486 232 .
OF7 Salanid fragments, worn, N.W. North Sea $6-26N 01-53 60 10865+160 10465 Owens (1981)
abraided and strongly
iron stained
OF 13 Asantiiocardia eokinata N.M. North Sea S6-47 0V 174 68 6370+160 §970 .
valve, worn, abraded,
strongly fron stained.
SF 43 Sulk sample, dominantly N.W. North Sea 57-058 01-12w 62 3070+80 2670 .
Nollusas, worn, abraded
§ mostly fron stained
SF Bulk semple, Balanue N.M. North Sea §7-028  O1-1OW 8! 4270490 3870 hd
fragmentary, worn and
commonly iron stained.
SF 46 Sulk sample, sand, badly N.N. North Ses 57-08M 01-08% 63 42204100 3820 .
worn & commonly troa stained
sk 218 Bulk sample, sand, badly N.W. North Sea §7-218 01-3% 111 61704100 §770 .
worn & commonly iron stained
! e A i vestern S¢S ? 130 8315460 1935 Wilson 1982
Same as 3bove Selected barnacle plates Same as above Same as above 130 11560480 11160 -
58 03/2 Bulk sample, shell sand 4 &m £ or Copinsay, 58-54N 2-36M 64 3900460 3500 Allen
§ gravel (see Table ) Orkney This Thesis
58 03/2 Heavily bored bivalve . - . . 4570470 4170 .
fragmnts
58 03/2 founded divalve fragments, - . . . 4410460 4010 .
not bored.
58 03/2 Angular bivalve fragments, . . . . 3780¢70 33%0 .
not bored. g4
58 03/2 Sarnacle fragments, abraded . . . . 3270+110 2870 .
and statned. o4
58 03/2 Sarmacle fragments, not abraded . . . " 3290460 2890 .
not stained. =
58 03/2 Serpulid fragments - . " - 4060+70 3660 "
58 03/2 Gastropod fragments . . . . 3480460 3080 .
s8 03/2 Bivalves alive on collection . . - - 158+10.5% - .
Ns 1550  (A) Whole single value of dctica Northern Shelf §9-06N  4-0M 80 1460470 1060 .
Islandioz not bdored
ns 1550 () ) g . . . 15904 250 1% .
1§ SO C) Two fragments heavily bored
b © Artios lslandios - . " - 5860+ 140 5460 -
NS5 (0) *° . . . . . 5340, 210 4540 .
Table 37 Summary of ' °C radiometric ages for carbonate

collected from surface sediments on the SCS
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Sample 58-03/2

Position: 58° 54.1'N, 2° 36.3'W.  E. of Copinsay, Orkney

Water Depth: 64 m

Gravel: 55%. Sand: 45%. Mud: 0%. Carbonate: 84%

Carbonate components - Barnacles: 14%, Bivalves: 50%, Echinoids: 3%,
Gastropods: 7%, Serpulids: 24%, Bryozoa: 1%.

Taxonomic identifications (by D.K. Graham, IGS):

GASTROPODA

Baleis? _
Calliostoma zizyphinum (Linne)
Cantharidus montagui (Wood)
Cingula semicostata (Montagu)
Emarginula reticula (Sowerby)
Gibbula cineraria (Linne)

G. tumida (Montagu)
Mangelia costulata (Risso)
Nassarius incrassatus (Strom)
Natica montagui (Forbes
Rissoa parva (da Costa
Trophon truncatus (Strom)

BIVALVIA

Arca tetragona (Poli)

Astarte triangularis (Montagu)
Crenella decussata (Montagu)
Gari tellinella (Lamarck)
Glycymeris glycymeris (Linng)
Heteranomia squamula (Linne)
Modiolus phaseolinus (Philippi)
Modiolus sp

Nucula turgida (Leckenby & Marshall)
Parvicardium ovale (Sowerby)
Spisula elliptica (Brown)

Venus fasciata (da Costa)

V. ovata (Pennant)

V. striatula (da Costa)

ECHINODERMATA

Echinocardium cordatum
Echinocyamus pusillus
Echinus ?

Table 38. Compositional details of IGS sample
53-03/2 GS, which was used for 14¢ dating
experiments (pp.224-233) and flume studies
(pp. 179,182).
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SHOALS - ROCKY HIGHS TIDAL CHANNELS BAYS AND SJUNDS

Stanton Banks Offshore Pobie Banks (Northeast Shetland) {i) Entrance to Tidal Channels and Bays and Sounds
and Shetland Out
Solan Bank 2 " Skerries ; West Pentland Firth
Nun Bank Shiant Gulf of Cgrryvreckan
Yell Soun
Hawes Banks Coastal { Passage of Tiree} Orkney Sounds

Sligachan - Scalpay
Loch Brackadale

OCEANWARD HUMMOCKY PLATFORM Loch Dunvegan
Plockton-Kyle of Lochalsh
Barra Head West Shetlands Loch Broom
West Hebridean Platform
Butt of Lewis (1i) MWithin Tidal Channels and Bays and Sounds
Yell Sound
PLATFORMS - ROCKY PAVEMENTS Orkney Sounds
Passage of Tiree
Fair Isle Channel * (ii1) Island - Coast Channels
ORMS Sound of lona Summer Isles (Loch Broom)
COASTAL PLATR Sound of Eigg Balta Sound :

-Scalpa {Butt of Lewis} Loch Eishart St. Ninian (Tombolo)
S11gachan pay Loch Dunvegan Sound of Taransay
Rubha Nan Clach {Sound of Eigg}
Cape Wrath BEACHES
North Orkney I
East Orkney Colonsay (Ritchie & Crofts 1974)
Moray Firth Coll & Tiree (Mather et 11. 1975)
Greenstone Point Mull & Ardnamurchan (Mather & Crofts 1972)

ANDBANKS Eigg (Mather et. al. 1975)
TIDAL S ANKS Outer Hebrides (Ritchie 1971,& Ritchie&Mather 1970)
N. Ronaldsay north bank Baas of Linton 4och Dunvegan (Skye) © (Mather et. al. 1975)
N. Ronaldsay east bank Dowie Sand Greenstone Point (Crofts & .tather 1972)
Sandy Riddle Dunnet Bay {MWest Pentland Firth} Faraid Head (Ritchie & Mather 1969)
{Cape Wrath} Caithness (Mather 1970)
T FLANK & ADJOINING SHELF Orkney (Mather et. al. 1974)
PLATFORM FLAN Shetland (Mather & 3Smith 1974)

Fair Isle - Orkney sandwave field and adjoining N. Sea Basin.

TABLE 39. Carbonate deposits on the SCS classified according to type. NB. A few fit
more than one category. Those in curly brackets are less clear-cut cases.



fringing reef
(Stegrnget al.

1977)

Table 40. CARBONATE SEDIMENTATION RATES
AREA a/me fyr cm/1000 yrs
Range Most Likely Range Most Likely

SCS Whole Area

>50% CaCO3 4-135 24 0.5-76.9 3.0
SCS Offshore

deposits 4-173 37 0.5-21.6 4.6

>75% CaCO3
SCS Orkney area

>75% CaCO3 18-312 77 1.8-39.0 9.6
SCS Sandy Riddle

>75% CaCO3 125-1834 581 15.7-229.3 72.6
SCS East Orkney,

FIC platform ! 114-646 248 1 14.3-80.8 31

edge

New Zealand

Cenozoic . 8-40 16 ' 1-5 2

(Nelson 1978): ;

|

Warm Water !

Shelf _ '

Carbonates. 80-800 - % 10-100 -

(Nelson 1978)‘ !

NB. FIC = Fair Isle Channel
Table 41. CARBONATE PRODUCTIVITY
g/mzlyr'
range most likely

Whole SCS

>50% CaC0y 4-135 24

Orkney Area 14-312 97

Sound of Iona Barnacles 30

Sound of Igna Calc Algae 20 40 -

(Cucci 1979)

Barbados tropical - 1500
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Component : Mineralogy

Barnacles : LMC

Bivalves : A&LMC

Echinoids : Mainly HMC (spines are LMC)
Gastropods : A or LMC

Serpulids : Mostly HMC (trace A)
Bryozoa : A

Calcareous Alga : HMC

Foraminifera : HMC&LMC

TABLE 42. Summary of CaCO3 mineralogy of the

main bioclastic components.

A= aragonite; LMC= low magnesium calcite;

HMC= high magnesium calcite.
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TABLE  43.

Gulf of Corryvreckan
Passage of Tiree
Hawes Bank

Sound of Eigg

Rubha Nan Clach
Stanton Banks

Barra Head

W Heb. Platform
Butt of Lewis

Cape Wrath

Nun Bank

Solan Bank

Fair Isle Channel
North Orkney

N. Ronaldsay, N. Bank
East Orkney

Orkney Sounds

W. Pentland Firth
Sandy Riddle

Moray Firth

West Shetland
Shetland-Out Skerries
Yell Sound

Mineralogy
Dominantly A&LMC

“ A&LMC.
Some HMC.
A, LMC&HMC

Dominantly A&LMC
Some HMC
Dominantly A&LMC
Some HMC

HMC, LMC & A

Dominantly A, LMC,
Some HMC

A, HMC, LMC

LMC, A, HMC

Dominantly LMC&A,
Some HMC

LMC, A, HMC

LMC, A, HMC

LMC, A, HMC

LMC, A, HMC

LMC, A, HMC

Dominantly LMC&A

Some HMC

Dominantly LMC&A

locally high HML

LMC, A, HMC

LMC, A, HMC

Dominantly LMC,A
Some HMC

LMC, HMC, A

LMC, A, HMC

LMC,HMC, A

Inferred Composition of Carbonate Deposits.

Main
Mg Levels Components
very low Biv & Barn
Tow Biv & Barn
mod-high Barn,Serp,Biv.
Tow Barn, Biv.
1ow-mod Barn&Biv,
Serp & Foram
mod-high Biv,Serp,Bry
Tow Biv,Bry,Barn
mod-high Serp,Biv,Ech,
Barn.
Tow-mod Biv,Bry,Serp,
Barn,Foram
1ow-mod Barn,Biv,
Serp, Foram
mod Biv,Barn,Bry,
Serp, Ech
low-mod Biv,Bry,Serp,
Ech
mod Biv,Bry,Serp,
Ech
low-mod Biv,Barn,
Serp.
mod-high Biv,Serp,Barn
low Biv,Barn,Bry
low-high Biv,Barn,
locally Cal Al
Tow-mod Biv,Barn,Serp,
Bry
1ow-mod Biv,Barn,Bry,
Serp
Tow Biv,Barn,Bry
mod-high Biv,Serp,Bry,
Ech, Barn.
mod Biv,Ech,Serp,
Barn, Foram
mod Biv,Serp,
Ech, Foram

V. Tow, mod, and high are all relative.

‘High' may still involve Mg0 levels of <4%.
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Sample No: SH MF MF MF 60/01 Commercial
305 840 2060 2078 297 Maerl
Barra Head ( Moray Firth ) Shetland Brittany, France
Out Skerries

Ca0 47.7 47.4 48.3 49.6 27.57 42.33
Mg0 1.9 1.5 1.6 1.2 3.0 3.19
A1,04 1.5 1.1 1.0 0.8 0.1 1.16
Fe,04 0.4 0.7 0.6 0.4 0.6 0.68
KZO 0.2 0.3 0.2 0.4 0.1 0.18
NaZO - - - - 0.35
§i0, 6.1 7.9 6.7 6.4 3.1 9.76
P,0g 0.07 0.10 0.89 0.06 - 0.08
503 0.50 0.64 0.65 0.56 - 1.10
co, 37.6 37.7 38.6 39.4 40.6 39.01

Table 34. Major element analyses for samples of
carbonate sediment.

(IGS 'in-house' data).



= 9y -

Deposit Total Reserves Likely net accumulation 10 year extraction 50 year extraction 100 year

(tonnes or 106g) rate=equilibrium rate rate extraction

extraction rate (tonnes/day) (tonnes/day) rate
(tonnes/day) (tonnes/day)

Hawes Bank 2.8 x 10° 1.3 768 156 79

Passage of Tiree  18.6 x 10° 8.5 5104 1028 579

Barra Head-West 6

Hebridean Platform- 401 x 10 183 110046 22101 11188

Butt of Lewis

Cape Wrath 102 x 10° 47 27992 5674 2841

East Orkney & 6

Fair Isle Channel 1721 x 10 786 472293 95087 47937

Sandy Riddle 104 x 10° a8 28541 5746 2897

Whole 6

Orkney Area 2920 x 10 1333 801333 161333 81333

Table 45. Estimated extraction rates for a selection of

deposits and areas of different sizes.



APPENDIX 1

List of acronyms and abbreviations



List of acronyms and abbreviations

Barn barnacle

Biv bivalve

Bor boring

Bry bryozoan

C. Alg calcareous alga

CDSs Carbonate Deposit Summary Sheet

cv combined equivalent unidirectional
current velocity

Ech echinoid

Foram foraminifera

Gast . gastropod

GnSz grain size

Grv gravel

IGS Institute of Geological Sciences

I0S Institute of Oceanographical Sciences

M Maturity Index

N negligible (<<<1%)

OwS ocean weather ship

P probability (of a correlation co-efficient

being 'correct')

PN peak neap tidal current velocity

PNET peak neap exceedance time

Pol polish

PS peak spring tidal current velocity

PSA particle size analysis

Rnd roundness _

SCS Scottish Continental Shelf

Serp serpulid

sort sorting

SPPS significant peak particle speed

stain staining

v tidal (unidirectional) current velocity

UKCS United Kingdom Continental Shelf

WV wave (oscillatory) current velocity
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APPENDIX 2

Summary of research cruises



Summary of research cruises

During the research period I took part in the following offshore

work.

Date

Ship

Operator

Location

1977
1977

1977

1977
1978
1978

1979

R.R.S. Challenger
R.R.S. John Murray

F.R.V. Scotia

M.V. Emerald
M.V. Cape Shore
F.R.V. Scotia

M.V. whitehorn

N.E.R.C. (Dr J Hall)
N.E.R.C. (Dr G Farrow
& T P Scoffin)

D.A.F.S, (Dr RG ]
Shelton)

I.G.S. (Dr D Evans)
I.G.S. (Dr J A Chesher)

D.AF.S. (Dr RG J
Shelton)

1.6.S. (Dr D Evans)
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Central N.Sea
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APPENDIX 3

Sediment mobility calculations, Fair Isle Channel



Table: 46

Gravelly carbonate megaripples: meobility calculation (see Figs. 55,56)

Location: TV 2, Fair Isle Channel (Fig.52c).

Depth: 80m
GnSz: Up to 2-20mm Equiv. Qz GnSz : 1mm

PN1 0:20 em/sec PNET: 41%

Required threshold current (from Fig.139) : 70cm/sec

Using TV1.0 = PN1.0

Vyg = TV1 g + 1.4 W (assuming long period waves)

70-20

Hence the WV required to move all sizes of sediment = cm/sec

36 cm/sec.

Using Draper's 90m curve (Fig.13 ) for Sevenstones (an underestimate

for this location).

% exceedance for 36cm/sec = 0.5%; equivalent to about 2 days per year
for 41% of the time. In other words, the sediment at this location
will be moving for at least 20 hours per year.

For the other 59% of these 2 days, when TV <PN, assume TV = O,

Then CV = 1.4 WV

=
<
]

50cm/sec, which has a 0.1% exceedance time
i.e. 1 day in 3 years, or on average at least 8 hrs./year

so total MOvement time = at least 20 + 8 hrs.

= 28 hrs/year minimum
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Table: 47

'Sprinkling' of fine, carbonate sand: mobility calculation
(see Fig. 57 )

Location: TV2, Fair Isle Channel (Fig.52c).

Depth: 80m
GnSz: 0.25 - Tmm Equiv. Qz GnSz : 0.15 - .3mm

PN1 0:20 cm/sec PNET: 41%

Required threshold current (from Fig.139): 40cm/sec
This is also the suspension threshold
Using TV1.0 = PN1.0

and CV1.0 = TV1.0 + 1.4WV
then WV = 40-20 = 14cm/sec

1.4
% exceedance for 14 cm/sec = 4%; equivalent to 14% days per year
for 41% of the time. That is at least 143 hours/year.
For the other 59% of the time when TV <PN, assume TV = 0
Then CV = 1.4 WV
Wy

29 cm/sec - which has a 1% exceedance time.
i.e. 3% days/year, or 84 hrs/year.

Also, for 96% of time when WV not exceeding 14 cm/sec,
assume WV = 0, and PSmax = 37 cm/sec

So even in calm weather some transport takes place during peak
spring tides, say 1-2 hrs/day on 8 days/month i.e. 144 hrs/year.
So total movement (suspension) time = 143 + 84 144 hrs/year

= 371 hrs/year.
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APPENDIX 4

Hydraulic analysis of megaripples



Table: 48

Hydraulic analysis of megaripples, using bedforms only

Location: TV2, Fair Isle Channel (Fig.52c).

Data: photographs, Figs. 55 & 56

Wavelength (L): 2m

Height: 0.2m
GnSz: 0.002 -.02m Equiv. Qz GnSz (D):0.001m
Vertical Form Index (VFI): 10

L 3

Referring to J.R.L. Allen (1979)_
Reading from Fig.157 (J.R.L.A's. fig. 2):
Possible range for d =2.0 x 103 to 5 x 104
D

and for near-bed orbital diameter (d) = 2.0 to 50m

Reading from Fig.156 (J.R.L.A's. fig. 1):

for VFI = 10 and D = 0.001m,

Ripple formation is possible for orbital velocities between
0.25 and 0.78m/sec.

Plane bed with sediment movement will develop in currents above
0.78 cm/sec. VFI suggests that the megaripples are rolling grain
ripples.

Also, using T = nd

max ’

If y ax=0°73m/39C, & if d 2.0 then T = 8 secs.

m
& if d = 50m, then T = 200 secs.
&if T = 15 secs, d = 3.7m
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Table: 49 Hydraulic analysis of megaripple using known surface

conditions.

From Fig. 13 (Sevenstones), orbital velocities at 80m are:
0.5m/sec at 0.1% exceedance (max = 1.1 m/sec).

0.35m/sec at 1.0% exceedance (max = 0.77 m/sec).

Thus conditions are right for formation of these bedforms during
at least three or four storms per year. During the more severe
storms, velocities will frequently exceed 0.78cm/sec, thus

initiating plane bed movement.

Also, from Komar (1976b), p. 45:

kz,

Q
1]
I

and k

B

2

~
O
~

T
2.1
where d = orbital diameter near seabed

H = wave height

zo= - (water depth)

T = wave period (secs)

g = acceleration due to gravity = 098 m/SeC2
For the severe storms

Assume H = 25m
T = 15 secs
then k = 2r , = 1.79x 1072
(.98 15
; /2n;) )
d = 1233(1.79 x 107¢ x -80)
d = 5.9m (i.e. in the range predicted in Table 48)
Cross checking with J.R.L. Allen (1979):
Teag
max
T=10x5.9
.78

T = 23 secs.
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Figure 156. Summary of the occurrence of wave ripple
marks, from J.R.L.Allen(1979a), fig.1.

For the Fair Isle Channel (FIC) megaripples, the
equivalent_quartz diameter for the carbonate particles
is 1 x 1077 which suggests that oscillatory currents of

between 0.25 & 0.78 m/sec could produce rolling grain
ripples with a VFI of 10.
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Figure 157. Summary diagram of the occurrence of wave
ripple marks, from J.R.L.Allen(1979a),fig.2.

For the Fair Isle Channel (FIC) megaripples,L/d

ig 2 x3103 so that theoretical range of d/L is
2 ux: 050k S x 104_
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APPENDIX 5

Calculation of accumulation and production rates SCS



Table: 50. Total carbonate

NAME

in SCS deposits (>75% Ca£03)

Total Weight (x10'%g)  AREA (x10° 2)

MAX. MIN.  LIKELY

Gulf of Corryvreckan 14.7 0.7 3.7 10
Passage of Tiree 155 1.4 18.6 200
Hawes Bank 29.3 0.3 2.8 39
Sound of Eigg 6.9 0.1 6.8 9
Sligachan-5Scalpay Mini al ?
Rubha NanClach 20.1 0.18 1.93 26
Shiant 394 3.5 37.8 509
SE Shiant Sandbank 242 5.8 59.9 8
Sound of Iona 15.5 1.4 7.1 20
Station Banks 133 1.3 12.9 172
Barra Head 305 2.8 30.0 350
West Hebridean Platform 3739 35.0 366 4920
Butt of Lewis 50.1 0.5 4.8 66
Cape Wrath 311 9.5 102.7 138
Nun Bank 909.8 0.6 6.7 90
Solan Bank 155 1.4 15.4 216
Fair Isle .Channel 5319 47.2 510 6855
Fair Isle Sandwave Field 291 51.6 112 75
North Orkney 1824 8.7 885 1140
North RonaldsayN bank 158 21 88 27
East Orkney 3984 583 1609 1480+700=2180
North RonaldsayE bank 64 8.8 270 12
Orkney Sounds 112 4.8 27.2 70
Baas of Linton 30.4 2.7 9.3 43
Dowie Sand 31.8 5.0 1.3 73
West Pentland Firth 620 1.6 123 234
Sandy Riddle 328 22.4 104 30
Moray Firth 1680 48.7 260 700
West Shetland 1552 13.8 148 2000
Foula 147 6.5 70.7 95
Northeast Shetland 1358 12.0 130 1750
Shetland - Qut Skerries 673 6.0 64.5 867
Yell Sound NOT ESTIMATED

Total wt. g , 23811x10;2 919x1012 5099x10;2 22963x10°

Wt./area g/m 1037 x10 40x10 22x10
Accumulation over

6000yrs. q/m“/yr 173 7 3.7
-ditto over 10,900 yrs

g/m"/yr. 104 4 22
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Table: 5t. Total CaCO; in high-carbonate (50-100% CaC0;)

N & W Scottish beaches

Using, for convenience, beaches >40% CaCO

Assume average CaCO3 of 70% by wt.

3

Total area = 181 x 10°m% (from Mather & Ritchie 1977)
Max. Min. Likely
Possible thickness(m) 4 1 2
Volume (m’) 72ux10°  181x10°  362x10°
wt. (g) 474x10'2  119x1012 237x10"2
Accumulation rate 43 109 218

(g/mz/yr over 6000 yrs)

Table: 52 Orkney area carbonates

Total area of deposits = 3809 . x 106 m2

Max. Min. Likely
Total wt. (g) 7152x101%  ¢87x107%  2920x1072
Wt./area (g/m?) 1878x10°  180x10° 767x10°
Accumulation rate:
(g/mz/yr. over 6000 yrs) 312 30 128
(g/mz/yr. over 10,000 yrs) 188 18 77

If area of carbonate production is similar to area of accumulation

then these: will also be production rates.

But if debris brought in from wide area of production, say

5000 x 10%mZ, then

Max . Min. Likely
Wt/area (g/mz) 1430;10; 137;{0’ 584X10°
Production rates
(g/mz/yr over 6000 yrs) 238 23 97
(g/m?/yr over 10,000 yrs) 143 14 58
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Table:53.  Accumulation/Production rates for SCS high-carbonate
sediments (50-100% CaCO3l

Area
Max. Min. Likely 6 2
(ot (xi0g)  (xjoty) 10
All deposits (> 75%CaC03) 23811 919 5099 22963
Carbonate-rich (50-75% " ") 13783 689 1378 21808
Beaches (40/50-100% 474 119 237 200
(Nearshore production (+1800)
areas)
Total weight 38068x10'2g  1727x10'%g  6714x10'2%g  46771x108m2
wt./area (g/m?) 813.9 36.9 143.6
Accumulation rates (g/mz/yr)
over 6000 yrs. 135 6 24
over 10,000 yrs 81 4 14
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APPENDIX 7

Bioclastic carbonate sedimentation on a high-latitude, tide-
dominated shelf : northeast Orkney Islands, Scotland.

Fal‘l‘ow, G- Eo, Allen’ N. H' and Akpaﬂ, El B‘
Submitted to J. sediment. Petrol., April 1983.
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Abstract: Ehell-sands and gravels cover much of the shallow Orimeys shelf

at 59°%, ascumulating locally into 30 m-high banks at Tates up to 540 &/m?/yr.
Overall the Orimey shelf sedimentation rate is approximately 10 cm/1000 yrs,
oampared with 3 em/1000 yre for the entire Scottish continental shelf, Major
ssndbanks are looated o,n.h headlends that produce circulation loops in the
tidal flow. Regional sandwave orientations reveal a clockwise transport of
sediment avound the islands, probadly resulting from storm-wave reinforcement
of the tidal asymeetry oombined with the net inflow of Atlantic water into

the North Sea.

Carbonate produstion is high from the Modiolus Epifauns. Modiolus
shell gravels, commonly ocontaining Glyoymeris, pass laterally into comminuted
shell-ssnds, Within the ewphotic zone (down to 40 m) dead shells axe
weakened by echinoid biting, aleal boring wad limpet grasing. Boring by fungl
and clionid sponges and grasing by chitons is commom but not depth restricted.

Sedinents contain 89-95 percent carbonate cn the level bdottom offshore,
btut 94-99 percent in sandwaves. Mesn values for the main skeletal components
ares- bivalves 46%, barnacles 18)%, bryosoans 11%, serpulids T%. Calcareous
algal gravels ocour in sheltered areas less than 20 m deep. Bryosoa typify
lower-energy offshore enviromments, while more durable barnacle and serpulid
debris is concentrated in sandwave fields. The sediments are dominsntly
calcitic and have a high preservation potential.

Koy Words: sediment transport, sandwaves, sedinentation rate, bioerosion,
¥dlolus.
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Me. 1

Carbonate sediments are forming widely on continental shelves in
high latitudes, both north and south of the Equator (Scoffin et al., 1980,
P«345; Rac, 1981a, b). Almost half the entire Soottish continental shelf
is covered with carbonste~dominated sediment, that arcund the Orimeys being
the purest,

The present peper has five aims:~ 4. To demonstrate the mobility of
the carbonate sands; 2. To identify the dominant skeletal contributorss
3+ To describe the agents of bicerosion; 4. To produce a sedimentstion

model; 5. To assess rates of carbonate accumulation.

logical Se

The Orimeys contrast sharply with other Scottish aress that have been
strongly glaciated, like the Inner Hebrides (Farrow et al., 19783 Farrow,
1983) for here the sea floor has a mmoother topography. A shallow platform
of Devonian rocks borders the eastern side of the Orimeys. Within a few
kilometres of the coast the seabed drops steeply to a generally flat ares
that coinoides with the edge of a Pexmo-Triassio subcrop. Depth inoreases
gradually offshore from 30 m to 100 ms vithin the Sounds 1t in generally
less than 30 m (Fig. 1).

Eatches of Quaternary boulder olay orop cut locally ou the islands,
giving rise to arkosic beach sands and stretches of lithic gravel with
isolated boulders.

Exysioal Conditions

mtmmummt&Mthuot‘p
published Teomntly by Lee and Ramster (1981).
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Mg, 2

Zemperature and Sa)inity.—~The mean surface temperature in winter is 7°C
(February) and in swmner 12.5°C (iugust). Bottom temperatures are identical
to the surface temperature in winter but one degree cooler in August. The
salinity is constant at 35 throughout the year.

Jidep.—In the Atlantic Ocesn tidal currents are very weak, but as the tidal
wave reaches the shallower areas of the Buropesn continental shelf their
nagnitude incresses grestly., This effect is partioularly noticeable where
the tide is forced through narrow chmmals, as in the Orimeys (Pig. 2a). It
should be noted that these aresas with strong tidal currents are not gemerally
associsted with an abnormally large tidal range (Fig. 2b). Maximm spring-
tide ocurrenta are more than four knots (2 m/sec) between the northern islands
although the tidal range is only 2.5 m. With such a strong tidal flux there
is no mumer stratification of the water oolumn.

¥inda spd Veves.—January is the most gale-prone month, with winds setting
from the soutk or southsast. Substantial currents are associated with winds
(Johmacn, 1978, p.215). The worst vave to be expected in 50 years is
predioted to reach a height of 30 m and possess a period of 15.5 seconds.

Methods of Study

The ares was studied during July 1977 on R.R.S. Johp Murray Cruise 10,
Extensive ORE Pinger (3.5 kilz), Kelvin Mughes M3 47 Side-Soan Scnar and SIMRAD
scho-sounder lines were run, Bedforms were mapped snd their distribution
compared with that obtained from anslysis of lines mm in the spring of 1974.
150 bottom samples were collected (Pig. 3). Stations on rock were sampled
with & large rock drsdge; the soft grounds vith a Day grab or anchor dredge.
Much of the texTain was rough, with several dredges bDeing lost and eight
stations yielding no samples.

Shipboard identifications of the larger mscrofmums insluded both live
and dead mollusos, the demsities recorded being at best semi-quantitative,
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though valuable in showing the abundance of living Glycymeris over much o;t
the area., Because of variable Tecovery with the Day grab, deeply buried
living infauna such as Iutraxria must have been misaed; their presence being
indicated by dead shells.

Sediment samples were returned to the laboratory, where percent c;co,
was dotermined by acid digestion, and principal oomponents identified in the
63, m - 2 mn fraction, following splitting and slit sieving (Lees et al.,
1969). More than 333 grains were scattered onto s sticky plate, and identified
and couwnted wnder the binoocular microscope sccording to Milliman's (1974)
oriteria, .

366 shells from 26 stations were examined for bioerosicn. All were
studied wnder the binocular microscopes scme wers X-rayed, others impregnated
with Epo-tex resin for study of boring casts, and many were prepared for SEM
exsmination,

SIIB-SCAN SONAR ANALYSIS

Good gecphyaical ooverage (partiocularly side-scan sonar) is available
to assens seabed morphology, sediment distridution and sediment thicknese
(P1g. 4). The quality of the sidescan data is gemerally good emough to
delineate the main bowndaries. Comparison of the 1974 and 1977 records
reveals major differences in sediment distribution, highlighting the mobility
of the carbonate sediment (Allen, 1963).

Book spd Sedimept Digtrilution

large areas of bare rock are exposed around the islsnds where tidal
and stomm currents are particularly strong as s result of shallowing, narrowing
or obstruotions such as islsnds snd peninsulas. 4 rooky platform 3 to 10 im
vide extends along the eastern sides of North Romaldsay, Sanday, Stronsay end
Mainland, Localized patches of send and gravel lie in hollowe and crevices.
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A much larger area of rock wvas exposed in Spring 1974 than was seen in July
1977 (Fig. 4). Similarly, the broad ridge rumming northeast from Pape Westray
(clearly seen in the bathymetry, Fig. 1) was mantled in sediment covered with
segaripples in July 1977 (Fig. 4) but vas exposed rock in the Spring of 1974.
This agein illustrates the extreme mobility of the carbonate material,

Extensive tracts of shelly coarse sands and gravels frequemtly oocour
adjacent to the current-swept rocky areas. They may have a maximm thicikness
of wp to 30 m (e.g. msend bank northwest of North Ronaldsay), but on sverage
ibe material is probably between 2 .m“s‘:"tffafi -
on the open, deeper shelf where currents are weaker: their thicimess is
mimown but is wnlikely to be more than a few metres. Muddy sands and sandy
muds ooour inshore in sheltered backwaters such as Wide Firth and the Bay of
Kiriorall vhere they blanket an uneven rooky substratum to a depth of more than
10 » in places,

Open Shelf.—On the flat, open shelf there are sand waves, sand ribbons and
meguriprles which indicate clockwise sediment movement around the islands

(Me. 4). On the northern side the sand waves strike north - south and face
cast: megaripples have an oblique orientatiom, striking north-northesst -
south-southwest: sand ridbons trend west - east, East of the islands the

sand waves stTike west - sast and face souths megaripples have s nortlwest -
southwest striket ssnd ridboms trend north - south.

Sand Banks.—The large sand banks all have dense ssnd wave systems on their
backs; & good example being the bank 5 km morthwest of Forth Ronaldsay (Fig. 5).
Hare the sand waves are wp to 15 m high with wavelengths of 200 m: all strike
northwest - southeast and most face southwest. However the sand waves on the
southeastern side of the bank are facing northeast. This indicates a ciroula~
tion of sediment around the bank similsr to that described from North Sea

banks (Houbolt, 19685 MoCave, 1971). Megaripples essociated vith the sand
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waves are orientated north - south, Both surveys show the bank to be ovoid
in plan, but in 1974 it was totally surrounded by bare rock, whereas in 1977
it was distinctly narrower and connected with the sand field in the west by

a tongue of sediment (Pig. 4). The 1974 sparker profiles show the bank to

ba about 20 m thick. A substantial thickness of carbonate “d.tmtz‘ contained
vithin this feature, the whole of which may well consist of carbonate sand.
However it ocould have a core of morains, or even reworked terrigenous sand
produced during and immediately after the initial, rapid Holocene transgressive
period. Taking this into account, the thiclkness adopted for the sand bank is
5 m (Table 3). Other banke exist east of Shapinsay, south of Stronsay, east
of North Ronaldsay and northeast of Westray (Fie. 4). Their origin must 1like-
vise remain in doubt wntil long vibrocores have been recovered from them.
Margins of the Rooky Platform.—East of Sanday snd Stromsay pockets and thin
veneers of sediment cover the rocky platform. At the edge of this platform
there are wide sediment~filled crevices and gulleys controlled by fractures
and faults in the bedrock (Fig. 4). The galleys lead southeastwards to a
slope which is covered with sediment. At the base of the slope where the
seabed levels off there is m extensive field of sand waves that face south-
wvards, This pattern suggests that sediment is migrating from the rocky
platform onto the shelf, where it joins the southerly-moving system desoribed
sbove,

Bays. snd_Soupds.—The distribution snd orientation of bedforms in the imner
areas is more oomplex and the sonar coverage less adequate for detailed
discussion. Eowever, it can be noted that 4n ¥orth Sowmd thers ocour many
sand vaves, megaripples and sand ribbons which reflect complex ourrent
patterns produced by the convergence of many different charmels. Some of the
sand waves have simucus crests and are luate, vhile msny are virtually
syssetriocal.
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SEDDTNT MOBILITY AND AREAS OF ACCUMULATION

North Ronaldsay North Bank

Very pure carbonate (98%) mediment is widespread in this area. It
is coarse with a  high gravel content (25%),

Tidal current onditions are not vell documented, but they are strong over
these nearshore areas (up to 150 am/sec) and extreme in some places (300 cm/sec
off the northern end of North Mumtrue} Puot.m sost veather
oonditions, material up to coarse sand sise will be moved as bdedload and
suspended load by peak tidal current flov, along with gravel - grade material
as bo&w ﬁlﬂg wevere and extreme storms even oconsiderable quantities of
&ravel - grade material may be moving as suspended load. This caloulated
high mobility explains the radical difference in sediment distribution
Tecorded by surveys taken during different seascns in different years, and it
also explains the existence of large aress of bare rock.

The high predicted mobility is oompatible with the existence of many
large-scale bedforms in the area (Figs 4, 5). In the deeper more offshore
parts there are lov (1-2 m height), asymmetrical send waves indicating
sastvard sediment transport, but the North Ronaldsay North mand bank has a
large sand-wave 71014 on it with west-facing steep slopes indicating sediment
fransport in that direction (Fig. 5). Only cn the southeastemn tip of the
blnkmout-fuin"_ndmrooordodc Thms the sand bank is located where
the local transport direction is west-going, oprosing the predominsnt east-
going path to the north, The bank may thexefore be sitsd in a large-scale
tidal vortex of the kind often associated with tidal flow round headlands
(Pingres and Maddock, 1979) so that the bank was generated and sustained as
a result of a sediment oiroulation loop resulting in net sediment acovmmlation.
The sedinent on this is oonsidersbly more mature than the sediment
in the swrounding avea, again suggesting that it is a depositional site,
where sediment, onoe captured by the ssnd bank, remains trspped in a oirculatory
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syatem for some considerable time.

Esgentially the bedforma are fomed by tidal curremts, presumably at
times assisted by oscillatory currents which increase the suspended load.,
However, the extreme currents gemerated by waves during storma are probably
very destructive, partiowlarly in shallow water such as at the tops of sand
waves on the North Ronaldsay North sand bank, where sediment is probably
removed from the top of the bank., This explains why at the end of the winter
in 1974 1t vas broader, with lover ssnd waves (5-7 m) than in the sumer of
1977 (sand waves 7-10 m). The destructive effect of storm waves on sand waves
has been noted by MoCave and Langhorne (19582) and Jolmson (1978, p.251-5).
Farrow (1974, pl. 6) has noted similar flattening of shellbanks in the shallow
waters of Barra, Outer Hebrides.

Lgst Orimey Shelf

This sand-wave zone (Mg, 4) lies on tha slope at the edge of the Orimey
platforn (Fig. 1), where currents are such that carbonate sediment uwp to 1 mm
in diameter will be commonly moved, much of it in suspemnsion(Allen 1983).Sand
matorthm1mudml-@uhmtotmullbemdubedlo¢ddm
the stronger tidal currents and storms, and a certain amownt will also be in
suspension., The slope is the immediate'dumping ground! for material being
swept off the platform. Depending on the time, weather, water depth, and
grain sise, more and more of the sediment is dropped out of suspension and
moved on into deeper water as bedload, st progressively slower rates. At any
one locality the highest currents will ocour at the crests of the sand waves,
explaining the marked difference in grain size between the sand vaves and the
surrounding sediment.

There is no doubt that sand-wave formation is & result of oosplex
physical inter-relationships, The existence of the send-weve fisld appears
to fit the oriteria of MoCave (1971) for sand-wave formation which are (1)
adequate tidal current velocity, (2) low-moderate vave activity, (3) a stromg
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elongation of the tidal current ellipse. BHe also pointed out that the
existence of megaripples superimposed on sand waves indicates a combination
of bedlosd and suspemsion transport.

On the deeper-water limits of this particular field, the formation of
sand waves appears to have been closely related to original seabed morphology.
A1l along the slope at a depth of about 80 m, & series of stroung dedrock
seisnio reflectors ocutorop on the seabed and presumably originally formed
marked ridges. large sand waves are invariably seen lying superimposed on
these features. Befors the formation of the sand waves these features would
thenselvos have acted as large 'bedforms® csusing {low scparation at their
crests and relatively low currents in their leen, providing ideal conditions
for sand wave formation.

Mapped bedform orientations and facing directions consistently indicate
southward sediment transport on the east side of Orimey (Pig. 6). Bowever,
further to the north and sast the zone of carbonate spreads out eastvards into
the North Sea beyond the limits of the investigated area, indicating a stronger
sast and southeast ocomponent as a result of the currents coming through the
Pair Tsle Chamel. These currents are sssentially nom-tidal in origin (Strids,
in Lee and Remster, 1981, p.2.26) and lang-term sand transport is ascrided to
the net flow of Atlantio water into the North Rea, cssentially cauzed by the
Torth Atlantic Drift.

Craig (1959, fig. 11, p.16) estimated near-bottom water drift as 3 km
per day to the south, (compared with 6 la per day northwest of Orimey)

On the basis of this, a sediment transport rate of soveral kilometres per year
is possible.
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DISTRIDUTION OF CARBONATE-FRODUCING ORGANISUS

Having ostablished that large bodies of mobile carbomate sand exist
around the Orimeys we now outline the distribution of the major producers or
skeletal carbonate. 150 bottom samples were collected for this purpose and
have bean categorized into eight droad groups that depend only om gross
characteristics for their differentistion (Pig. 7). It is importent that
their coourrence be set in the dynamic oontext of the mobile carbonate carpet
indioated by the side-scan analysis. Famal details will be found in
Appendix Table 1.

Eocler_Aress

Carbonate production 1s high from shallow kelp-dominated rooky regions
(Pig. 8). Dexrbivorous gastropods and echinoids are common. Below 24 m
ophiuroids dominate, with acoemsocry echinoids and molluscs. A variety of
bivalves dominates the rociy open. shelf at sbout 80 m, including Aros
letoagona.

The type of substratum most heavily encrusted with carbonate~producing
epifama is & floor of lithic cobbles, espooially when shallower than 30 m.
Tlere barnscles and serpulids are very ammdent. Offahore, Algyonium digitptum
and hydroids dominate, neither of which produce significant carbonate. Coxtain
bryozoa encrust the hydroids and form distinotive hollow-centred nodules
(Fig. 9 right): they also form compound stTuctuves with serpulids (Mig. 9
left).

Saloarecus Alzal Orevels

Extremely prolific beds of free-living calcarecus algse ocour in Wide
Firth (Figs 1, 7, 10) in a. tidally-ewept but island~encircled situation less
than 20 m deep. No deposits were sampled on the open shelf, however. There
is omnsidersble vardation in growth form, not dizectly depth related btut moxe
probably cwrrent related (Fig. 10). A 4ypicsl shallow gravel fuma of stusdy
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bivalves and gestropods is associated (ippendlx: iable 1),

The facies variants described by Bosence (1976, 1979) are present,
with his clean algal gravel (1979, p.456-8) better developed than in Ireland
in the more strongly tidal Firths as in the Sound of Islay (Farrow et al.,
1979, Lig. 4).

Modiolus Epifsimae

Living spreais of the byssally attached horse mussol lodiolus modiolus
form & highly characteristic type of ses-bottom, with very high carbonate
production from the bivalves. Side-scan records show them to be living on
Tock. The MHodiolus Dpifmma is fully doveloped, as classically illustrated
by Thorson (1957, p.462) with associated serpullds, ophiuroids and gastropods.
ikdiolus was more commonly encountered living in the Sounds than on the open
shelf, where ita debris was widely dispersed (Fig. 11).

¥odiolus Shell Gravelp

Gravels composed of Hodiolug debris (Fig. 12) were the vecond most
frequently encountered type of mediment after the shell-sands. They occur
over a oimilar depth range to the living lipdiolup (20 to §O m), but are best
developed Letwoen 20 and 50 m. Ialf the stations yleldod the living Livalve
Shroperis glycwmerig (Fig. 11) which was more abundant at the groator depths
(So/hzbem-nﬁomaeo-; 26/n° between 20 and 40 n). This is the second
najor carbonate-producing bBivalve. Other fmmal elemants were distinctly
raror but included other robust filter-feeding bivalves.

Shell-esnds

Shell-sands wers the most frequemtly enccuntered typs of sea~bottom,
gmerally found in the form of sand waves (Figs 4, 5). They ocour down to
and below 100 m. Sand eels (jgpodyteg sp.) were sometimes encowntered in high
densities but the sand waves were genserally barren. Where the sand was of
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medium grain-eize and the bottom level, an infauna of bivalves, irregular
ochinoids and worm tubes was devaeloped.

Although they are acoumulations of remarkably pure carbonate, the shell-
sends themselves support & neglizible carbonate-producing fama. All the
carbonate has been transported from elsevhere,

15addy Sands

These sre developed in very shallow dackwaters of the Mirthe (Mg, 7)
and on desper parts of the open shelf away from the main tidal streems. The
shallow regions are characterized by a range of agrlutinated worm tubes and
thin-ghelled infaimal bivalves with low carbonate-producing potential.
Seaphopods and serpulids appear offshore.

CARBONATE PETROGRAPHY

Carbonate supplied by the living biota is likely to be dominated by
bivalves; with barnacles, serpulids, gastropods and echinoids associated in
shallower water. Ve now sssess the petrogrsphic evidenoe for the relative
signifiomnce of these oontrasted skeletal groups as sediment contributors.

Al miq1umammwo3mm sxoept for some
negrshove sediments in the Wide Pirth Ares, snd & group of ssmples in Forth
Somd (Pig. 13). The almormslly low 45-5%% CaO; level in the latter ares
may be dus to dilution by the reworiing of glacial arify, or due to its
sheltered position. Elsewhers values Tange from 90 to 100% CacOy. Sand-wave
fields, where the sediment is coarser, hsve highsr values than adjacent
level-bottom sands,

Sieclastic Components

The following oomponents were counted for each ssmples- barnacles,
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bivalves, gastropods, echincderms, caloareous worm-tubes, bryozoans, :
caloarsous algae, terrigenes and unimown (the last category varying from 0 to
20%). Figures quoted have not boon adjusted to allow for the unimowns, but
have been recaloulated as a percentage of the total carbonate fractiom.

Four oonstituents make up the bulk of the carbonate, mesns of all
samples beings- bivalves (46%), barmacles (18%), bryosoans (11%) and
caloarecus worms (7%). Accessory oomponents inolude gastropods and echinoderms,
with only very few forsainifera; oaloareous algee are locally important.

Blvylve debris is the dominant carbonate oomponent of nsarly all samples,
cozmonly Teaching more than 50% in the sands (Fig. 14a), and almost 100% in
nany Modiolup shell gravels (Table 1). The bivalve fractiom is less in sand-
wvave fields than in level sand areas.

Barnacles shov a nearshore distribution (Fig, 14b), particularly east of
Stronsay, snd are also enriched in the sand-wave area off North Ronaldsay,
but only Tarely do they meke up more than 30X of the carbonate fraction. They
are less common on level ssnd areas.

Bryoscs, in contrast, show an offshore ddstribution (Fig, 140) and are
highest in level sand areas, particulsrly in the desper water though they also
ocour in the shelter of North Sound, Bryoscan values are much redused in
sand-wave sediments, ‘

Caloareous worms include both serpulids snd spircrbids. Values are
generally rather low, especislly in offshore level sands, though they increase
sharply in sand weves, reaching 35% at cne station (Pig. 144).

Calogrecus slzae cover a restrioted area oowpared with tha previous
oomponents, being limited to the Sounds at depths of less than 20 m (rigs 1, 7).
Debris is ué&gﬁrgue«gguﬂuﬁgégg
open shelf, Gravels mey be 9%: algal in some instsnces, but in others 16%

* 1 regular echinold remains may ocours average figuxres are shown in Tsdle 2,

The caxrbonates of North Oriney oontain shundsnt bivalves (47K) barnacles
(27%) and serpulids (13%) (Table 1), Those on the North Ronaldsay north bank

- 500 -



-1

are much richer in serpulid debris (29%) than the swrounding carbonates.
This may be dus to the greater resistance of serpulid material to biologioal
and mechanical bdreakdown, or may simply reflect the proximity to a large area
of ourrent-swept rock platform where there is high serpulid produotivity.

Northwest of the bank there is also a large ares of shell gravel made up
of living and dead Modiclus shells, the latter rapidly degrading. This
probably moids an importsat contribution to the sediment cn the bauk.

The aversge petrography of the Bast Orkney csrbonates suggests that they
!&3'3..59&?%%?5‘5.'%.
ﬁoonom.iuﬂ.«-‘o» there frca shallower water it is not extensively reworked but
datemel production (e.g. irregular echinocids and foraminifera) continues to
add material to the sand.

Sediment Component Distpibution
38 s.Fwmotion of Depth

Fig: 14 shows clexrly the nesxrshore distridution of barnacles contrasted
with the offshore btryososn distribution. This may be explained by cemtrasts
in ensrgy level, perhaps related to vave base. Barnacles settle prefersntially
snd grov faster in stronger ourrent aress (Crisp, 1955, 1960). Many bryosoans
40 not flourish in such oonditions (Rylsnd, 1970) and additionally stand &
poor chanoe of preservation, Jjudging from Chave'!s (1964) tumble-mill experiments.

Axpersnt Abeence of Reliot Caxbonates

The palascgeographic configurstion of the Orkneys archipelago during the
Flmirim trensgression must have resulted in what is now open shelf having
resembled the inter-island Sounds, where today calosrecus algal gravels are
charscteristic. However, novhers on the open shelf of today were wnattached
corralline algee found. It may be that such deposits exist but have been
overlspped by trensgressive sand waves, though it must be remesbered that the
Tete of trsnagression was initially repid, and there was possidly insufficient
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time to foxm thick acowmmlations, for the coralline algee are slow growers
(ddey, 1970). Relatively fresh pisces of Phymatoliihon oslosreus from the
Sownd of Iona (Inmer Hebrides) have been dated at approximately 4000 B.P.

140 aates have been cbtained for the Oriney carbonates (Allen, 1963)
but their interpretation is by no mesns straightforwards they will de written
up separately in dus oourse. Subssmples may show & difference of 1300 years,
spporting the idea already gained for sonar study that the sediments have
wiergone frequent mixing., Furthermore, different biogenic components give:
different ages: Divalves > serpulids > gastropods > bamacles. No date,
however, was earlier than Holooene.

In attempting to wmderstand the mmmer in vhich the gravel-sised material
becomes hxoken dowm before being resdily trsnsported by wave and tidal ourrents
a total of 366 shells and algal fragments were studied from 26 statioms spaming
s depth renge of 12 to 102m (Appendix Tsble 2). Stations are mmbered on
Tig. 3. Susll-doring algse, fungl, vorms, phoronids snd sponges were identified,
plus grasing echinoids snd molluscs.

Shell-horing algee were totally dominated by two species of chlorophytes,
Ostrecbine gueketil md Busomoptis sesoculats (Fig. 15). This contrasts with
other areas of the Soottish shelf where the rhodophyte "conohooelis” is
dominant (Clokie et al., 19795 PFmxxow sod Clokie, 1979). Fungal borings
were also widely idemtified.

X-ray radlography, perticularly of the larger Modiolug shells, revesled
videspread dmmage inflioted by the boring sponges Jlicna Selats snd 0. yastifice
(Pig. 16). Commonly those parts of a shell not showing spange borings were
affected by phorenid or Polydors borings.

Tvo common types of raduls marks were seen cn shells, those of the limpet
Asmses vizxines (Fig. 17a) being resdily distinguished from thoes of the
ohi_ton Lepidoviewzus ssellus (Pig. 17b). The bites of regular echinoids
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were also identified.

The effects of the several dominsnt kinds of bicerosion sxe not ramndemly
distributed across the shelf (Fig. 18). The maximum depth from which bowring
alges vaxe Tecovered was 38 m, a limit shared by the limpet vhich feeds on the
alges (Pasrow smd Clokie, 1979). This relationship, established in the Firth
of Clyds, is further substantiated in the Orimeys, vhere a depth relationship
between the xxea of shell boxed by algas and that grased by limpets omm be
demonstrated (Pig. 19). The bioclogically measured limit of the euphotic sone
around the Orikneys is thus 39 m. or slightly deeper sinoe the normal indicator
"conchocelis” is not present. Echinoid teeth marks were found only on shalls
from depths shallower than 30m, which also implies a herbivorous diet.

Baring by fungl, phoronids, Polydore and sponges was not seen %o be Linited
by the suwphotic sane, nor vere: the effeots of chiton grasing (Fig. 18). Chiton
redula marks were sporadioally found at grester depth whexe they typically
nitble mscle scaxrs of Glycyperis (Pig. 17b), possibly polishing off dscaying
muscle fitwes. Such localisation of sotivity has alresdy been reported by
Voigt (1977), P.3T7) from a Glycymsris dredged from 120 m in the western English
Chamnel axd we have subsequently discovered it on Glycymeris from the
Pleistoomns Red Crag of Valion-on~the-Nase.

These oomtrasted bathymetrio distributions sppear to hold scme palasce—
cologioal promise; Akpan ot al. (1962) having reoently demonstrated that the
algal boring/limpet grasing relaticuship wes in existemce in the Albima.

CAHBOMATE SEDDMGNT PRODUCTION BY THE Modiolus EPTPAUNA

Bpifemal ocmmmitiss tend to be richer than infmmal ones, both in
mmbers of species and in total blomass. Kay and Enights (1975) have shown
this for intertidal museel beds in Southeast Noglmd, vhich have an sverege
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total biomass of 125 ﬂ!i\an compared with 21 ﬂ..-a-\am for adjacent cookle
sand famma. There are no figures for sublittoral production by the Scottish
Modiolus Commmity, but in the parsllel community in the lower Bay of Fundy,
Wildigh and Poer (1983, p.311-313) show that Modiclus modiolus is by far the
most importsnt organimm, acoommting for 88%¢ of the produotion. Peak production
measured ves a staggering 1769 a\i»\«u. the sversge for the whole fauma,
193 ¢/a’/yz, 1s higher then for the intertidsl mussel bed. It is of interest
in terms of csrdeonate sediment produstiom that the top four producers are
all strongly caleifiedi- Yediolup mediolus, Bakegus crenatus, Chlmavs
isimdios REE. bivalves and bamacles, the two dominant
skeletal components in high-latitude carbonates. Oowely(1978), in an
importmt paper on Soottish Modiolus ooourrences, has noted that pepulations
are only viable in strong current areas vhere faster growth rate offsets
the effects of boring sponge attack.

Live and entire dead shell ocourrences of Modjiolug in the Orimeys are
typioslly peripheral to major sand banks. This is well seen northwest of

Modiolus is surrowmded by dicolastic sand heaped into ssnd vaves (Pig. 20a).
In such situations the living populations are prone to sediment immdation
during storms, espeeially from the esst during wintex This
would result in their catastrophic desth (of. Sohifer, 1972, p.159), together
vith their adnate epifmma of barnscles and serpulids. Subsequent wirmowing
would leave & deposit of JNiodiolus shell gravel, soon to be settled by new
recruits, Adjecent infemal populations of Glvovperis, Selecurtis snd
Spimuls would not be so susceptible to storm or megaripple immdation, for
aquarium experiments on mnastrophic burial show that thess bivalves have high
esospe potentialt in oontrast to their sessile epifamal neighbours, they
om escape through 20 om. of sand.

g%ﬁasigfég sone: and henoe subject to the
maximon effects of bioerosion (Fig. 18). This biclogical weakening, together
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with the process of maceration (Alexandersson, 1979), results in & rapid
in situ breslcdown of the skeletal carbonate, accounting for the rapid
dimimation of grain size towaxds the smnd waves (Fig. 20b).

Rates of Carbonate Production

Quantification of the smount of carbenste pesent is diffioult beosuse
of the inherent thiockness variations across the shelf. However it has been
possible to put a rangs on the likely thickmesses snd henos volume &nd mass

2  of csrbanate present (Tablez i. Another problem has deen to determins the

time period over which carbcnate scoumulation has taken place. Sea level
has remained relatively stable for the last 6000 yesws (Flint, 1971, p.333),
but prior to that, it was rising and progressively encroaching on the Soottish
lmémass, snd at the same time sudmerging large areas of the shelf under
deeper and desper vater. These dseper, outer parts of the shelf wers therefoxe
probably supporting some carbonate production from at least 10,000 yrs.
BP. However [resent ocarbonate production in the shallower areas yrobably
did not ewtablish iteelf fully wtil 6000 yrsa. EP., while there is also
some evidence suggesting that producttvity in the deeper partis of the shelf
is nov cansidersbly less thmn it wvas prior to (000 yrs. EP. Thus the
minimom scowsulstion period is taken as 5000 yesrs snd the marimm as
10,000 yeurs. On balanoe, becsuse ths sedimentary regime is likely to hawe
reached & state of equilidrium only after £000 BP., it seems likely that the
average carbonate sedinentation rates based on a 000 year sccumulation
period will be more realistic.
?ggénhsswggsgn‘ggkg?a
the Soottish shelf (Tablel). Highest rates far the major .B%.Bw. reach
540 ¢/n?/yr (Table2). Bven the valuss of 125 &/a’/yr for the sntire North
Oriney Platfora snd East Orimey shelf (Table2) are within the range quoted
by Nelsan (1978) for werm-water shelf carbonates (Tsbled ). The value for
Orkney Souds, however, where wave action is much reduoed, is half that
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for the opsn shelf (Table 2). This demonstrates olearly the importance
of Y enmidgy in achieving high rates of carbansye roduotiom.

This {# 1llustrated most spectasularly mach farther north than Orkney
by the oarbonate dsposit om the weve-dominated Ioelmnd shelf at Fakase.
Rexe peremnial &vedging suffioisnt to support the entire Iceland cemeat
industry has failed to deplets the bicolastic rroerve (Bramwell, 1977,
p.118),

1. Doolestic carbonates more than SOK CalO, cover mmmy 10008 of Ka®
of ccntinental chelf at 59°N.

2. Bivalves, barnacles, dryosoms snd ssrpulids dominste.

3. Profuoticn is highest from the Modiolus Fpifsuna.

4. Plosrosion by slgel bering, limpet and echinoid grasing is
intense within the: euphotic zone (down to 40w)s sponge boring
1e ubiquitous,

S- Sedimemt is mcbile dowa to 100m wder the combined influence of
mmummm-m#mmzmummdw
bare: rook in vinter but higher in wummer. .

6. 4 net olockvise sedfSent-trenepart path {s indiceted by smndluve
.fasing 4irections,

T mﬁ%mqheWIQWmdwbﬂw
obstruoting the tidal flav, (of. Yellow Ses exmmple recently desoribed
by Klein ot al., 1962),

s. emmm.tupumd-’/nmamiubhtnm
averege of 97 dlz/nm-hcutm'omyuhu. Local rates nay
thus reash those attained in the tropios as & result of the
eomoentreting effects of vave and tidal traasport (Tadle 4).
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9. Sedimentation rates are of the same oxrder as those estimated for
New Zealand Oligocens skeletal oarbonates by Nelson (1978),
spproximately 10 om/1000yrs compared with 3 om/1000 yre for the
entire Soottish shelf and 2 om/1000 yrs for the New Zealand
Cenosoic (Table 3).

10, Orimey bicolastic oarbomates have a high preservation potential,
being dominmntly camposed of low-Magnssisn Caloite, snd Tepresent
m exoellent modem analogue for snoient high-energy, csrbonate
sandwvave complexss.
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Figure Centiong

Pig. 1. — Bathymetrioc map of the Northeast Oxiney Islands: (redrawn, with
permission, from I. G. S. data).

Mg, 2, = mmmtuquMu (a) inorease around the
Oximwys, the tidal range (b) does nots (after Lee and Ramster, 1981).

Fg. 3+ = Map showing tracks of pinger and side-scan sonar traverses, and
stations from which faunal and sediment samples were obtained. Numbered
stations are those from vhich bicerosion studies were undertaken, and those
which have samples illustrated in this papexr.

Fig. 4. — Map shoving sea~bed charasteristios determined by analysis of
side—scan sonsr records obtained in July 1977.

Pig. 5. — 8imred echo-sounder trace odtained in July 1977 across: North
mmm shoving west-faoing sandwaves. These cousist of 99%
biooclastic carbonste rich in bivalves, ssxpulids and barnacles (wee Table 2:
for location see Fig. 4).

g, 6o = Msp showing tidal currents, fetoh and sediment trsnsport paths
dsducsed from eide-soan scoar suxrvey of July 1977.

Fig. T+ = Generalised map showing sea-bed chareoteristios based on gred and
dxedge semples (of. Tig. 4). Notice the brosd correspondence betwesn the
wmunmmdmmmumummmum
(lelp) and ophiureids.
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Fig. 8, — Common elements of the rock biota, plotted in 20 m blocks, showing
the range over which they were recorded as dominant: (maximum width

ocorresponds to seven oocourrences),.

Mg, 9. — DBryosoan growth foxms: on left, ensrusting bivalve shell and
developing interimmination with serpulidss on right, nodular with hollow
axee vhers attached to hydroids (Station 35, 56 m) x1.

Fig. 10. — Caloareous algal gravels: bulk sediment (left) snd slgal growth
form (right). a) Btation 96, 14 m, with robust growth forms. b) Station 92,
805 a, vith 0T m‘“t.. M’-ﬂ‘ mm forms. Left x1.0. mt ”060

Fig. 11, = Map showing the distribution of live Modiolus Bpifsuns, Modiolus
shell gravel and densities of live Qlyoymeris glvoymeris (infauma).

Pig. 12. = Shell gravels composed principally of fragmented shell debris
from the byssste bivalve Modiolus modiclug. - o) ocoerse gravel that wes.
inhabited by sbundant Qlyovmeris glvovperis, several Yensunis zhosbolles,
vith the tubes of Lanice conchiless and in sit Leminaxis seochaxioa
(Station 89, 24 m). D) finer gravel from a level bottom inhabited by
Shixzs ssxumnts, Yeus fasciste eod foisuls shliniioss Dotice the small
wellopreserved but transported Azug sp. (Station 61, 35m). o) fine gravel/
coarse sand from the crest of a sandwave — no famna (Station 79, 8 m). =x1.

Pig. 13. — Msp of oaloium carbonate percentages in the surfsce sediments,
determined Dy scid digestion. Notice the nommally very high values of well
over 90K (Teduced in stippled ares possidly becsuse of reworking of locsl
glacial arift ).
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Fig. 14. — Maps shoving the precentages of the prinoipal skeletal
oontributors to the bioclastic sediments (areas with sbove-average
conosntrations are shaded). a) B'valves., b) Bammscles. o©) Bryozos.

4) Caloarecus worm-tubes. Notice that barnsole debris is highest nearshore,
in exposed situstions, whereas bryozoan detris ococurs principally offshore.
VWorm~tubes are consemirated in sandwave areas.

Pig. 15, — XEpo~tex resin cast of vegetative filaments of the bdoring
chloropliyte algs Bugomontis sagoulats, 13 m in diemeter. Emaller borings
are probadly fungal. Eost shell is a Lfragment of the bdivalve Hnsig op.
station. 49, 16 m.

Fig. 16, — X-Ray radiographs of desd shells of Modiolus pediojus snd
Yenerupis zbomboides revealing extensive damage by the boring wponges Clions
oelats and C. vastifios (mmoh the commoner). Notice also the much finer-
scale borings of phoronids. Station 108, 24 m. =x1.

Pig. 17. — Grasing treces made by the radulss of — ) the limpet jopges
Yizgines on the surface of a Modiolus shell:s notice the truncated "pin-pricks"
of the oropped boring algee (Station 109, 18 m). b) the chiton Lopidoplenrus
asellus on the mumole-scar region of & Glycyperis slysYmexis (Station 116, 79 m).

Pig. 18, - Disgram showing the batlymetric distribution of the dominant
agents of biowmxveion cn the Oximey shelf, The limit of the euphotic sone may
be taken as 39 . uummwm.[ stations plotted om Tig. 3.
(§rom  Akpan, OBY) .

Fig. 19. — OCraph shoving the close relationship between the degree of
algal boring (x) and limpet grasing (o) snd water depth. The limit of the
euphotic sone may be taken as ¥ = (§om  Axpan, 13¢1).

- 514 -



-2~

Pig. 20, — Bioolastic oarbonate sediment production from the Modiolusy
Bpifsuna. &) Upper right, integrates evidence presented earlier, 1. Loostion
of dredge or grab samples ylelding live or whole Modiolus, 2. Direction of
dominsnt tidal transport, 3. Looation of major une.ilnk- b) Processes
involved, from high initial epifaunal production, through biologically
weaksnad gravel to mature bioclastic sand, rounded and sorted by tidal
traneport in ciyoulation loop csused by hesdland.
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Latitude
Longitude

Area

Vater Depth,

Area of deposit (nz)
Carbomfc Content ()
Thicknsss (m)

Total volume ('2 x 106)

Total weight (g x 10'2)

. Accummlation rate

(e/a®/yr aver 6000 yrs)

Table?2 Calculation of cazbonate accumulation rates for four Orimey localities (a.tter Allen, 1983)

59°25¢ ¥
2%y
Yorth
Ronaldssy
North
Bank

X

27.1 x 106

9

i- 23 (5)
26 - 191 (110)

21 - 158 (%)
130 - 940 (541)
m a.ve"_agg.

59%25¢ N
%40t v
North

Orkney
Platform

~ 10 m

1140 x 106

90 - 99 (95)
201=- 2 O]

11 -"2280 {1140)

9 - 1824 (995)

1- 26k (129)

range average

59%00t N
2%300 v
Eut

Orimey
Shelf

0_ V=

700 - 1480 x 106
75 - 98 (28)
0.1~ & \3)
848 ~ 4980 (1609)
583 - 3984 (1609)
45 - 305 (123)

range averags

%71 W
Orkney
Sounds
-1
370 x 10° »
75 - 98 (85)
0.1- 2 (o.5)"
7 - 140 (35)
5 - 112 (27)
11 - 267 (65)

range  average

* no good
indications of

thickness or area.
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TANIE 3. Couparative Carbonate Produotion Rates for high-and low-latitude continental shelves

(A11en 1983)

hres /n’/yoax om/1000 years
range w0t 1ikely range moot likely
Entire Soottish Continental
Shelf with >50;; CﬂO, 4 - 135 24 0.5 - 16.9 3.0
Oriney Islands > 75 c-co’ nl4 ~ 312 97 1.8 - 39.0 9.6
Xorth lonaldsay North Bank 130 - 940 540
East Orkney Platfors Edge 114 - u45 248 14.3 -~ 80.8 31.0
Stxonsay kirxth Panks 250 - 400 400
Nev Zoaland Cenosoic 8- & 16 1-5 2
(Helson 1978)
UanutorSholdeXk €0 - 800 10 - 100
(H.].lou 1973)
1500

Fringing Reef
(Steamn et al. 1977)
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Appendix 1 Importsnt oarbonate-producing species on the Orimeys shelf,
arrsnged Ly habitat.

ATress =<

Echinoid: [Eohinus esculeptus

Gastropods: Gibbuls cinersria, Lissos papve, Patine pelucids

Bivalve: Hiatella axctice Barnacles: Eolanug Spp.

Rocky spess >24p

Bohinoids Strongylooentrotus droebachisqsis .

Ophiuroidss Ophiothrix foaxilis (dominmat), Ophicconips nisgze. Quhiecholls

sculeate, Ophivge albids, Ouhisctis Dalll.

Gastropodst Cibbula spp., Salliostoms zizvphinua, Acmses tespulsts

Bivalve: Chlamys varis. Chiton:s Tonicells permopes. Dryosoan: Flusiys follsoes

Calcareous worms: Spirorbis op., Filoarsne lmplexa

Eocky sness c.00Q

Bivalves: Arcs tetpasccs, Ancols epiippium, Chimwvs dlsftorts, Mediolus bsrbetue
Hlatells artics, Musculns discops.

Crinoids: jptedop bifida. Brachiopodss Crapls suomals.

Algol Crevel 20w

Algees Phymatolithon gsloareum. Cohinoids Eohinus sseulentus

Bivalvess Yenspupis zhosboldes, Yemus fasoiats, Qeri ‘ellipells, Euals ..
Krillus sdulls

Gastropodss GiDhulA Sinexacis, §. » Patina pellucida Achass YARiines

Modiolus Shell Gravel

Bivalves: Nedlolus modiolus, GAvovmeris glroveeris, Yeoemunia ibesboldes, Yecme
fasclats. Tellins orasss, Dosinis exolets.

Gastropods: Calliostops aisyphimum, Gibluls cinestis

Ophiuroids Qphiuxe textursts. Serpulids, Baxnacles

fhellsmd

None

Haddy_Ssnd
Bivalves thin-shelled, e.g. Thrssire flaxucss. Geri fervensis, not major producers.
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Appendixz 2. Table summarizing the agents and processes of calcium carbonate biocerosion in the Orkney sea area.
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APPENDIX 8

Proposed wave energy schemes for the west coast of the Outer
Hebrides : their effects on sedimentation.



Proposed wave energy schemes for the west coast of the Outer

Hebrides effects on sedimentation.

(based on a report prepared in 1979)

The area west of the Outer Hebrides has accumulations of very
pure CaCO3 occurring on a hummocky, rocky, waveswept platform which
is a site of present-day CaCO3 production by rock dwelling organisms,
(see main thesis). As it is the possible test site for full
scale wave energy converters, consideration of the effects on
sedimentation is appropriate.

One of the most popular ideas for meeting future energy
needs for the world is to capture energy from extra-terrestrial
sources. The Moon induces tides, and the Sun produces radiation
which can be captured directly, and also indirectly as the wind
and wind-driven waves. It is commonly argued that these are 'free'’
and effectively inexhaustable sources of energy which have none of
the environmental problems associated with the burning of fuels.
However, the extra-terrestrial energy which falls on the Earth at
present drives the circulation in the atmosphere and oceans. This
circulation controls our climate and is the main physical process
affecting sedimentation. If, for instance, solar energy is
diverted out of these systems, then side effects on our environ- .
ments must be expected. For example 5 X 10243/YR of solar
radiation falls on the upper atmosphere of the Earth. Present
world consumption is about 3 x 1020 J/YR, so that if technology
enabled us to depend entirely on solar energy in the form of
radiation, wind and waves, then we would be using of the order

of 1 th of the energy that is falling on the Earth's
10, 000

upper atmosphere.

The use of the waves is one of the most promising methods of
capturing the Sun's energy, and waves play a crucial role in shallow
marine sedimentation. Any significant removal of wave energy from
the sea along a coastline will cause changes in the pattern of
sedimentation. It is possible that the changes might lead to

either considerable net erosion or sediment accumulation.
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In the past six years methods of converting wave energy into
electrical energy have advanced so far that it is now a serious
proposition. The main problems still to be overcome are the reduction
of production, installation and maintenance costs. A test site, west
of the Outer Hebrides has the best conditions in Britain for the
harnessing of wave energy (Salter 1977) (Fig.158)and several workers
are considering the envirommental effects of such a scheme
(Probert & Mitchell 1979), with the main concern being the effects
on the ecosystem. Of - prime importance to this is the pattern of
sedimentation. Hydraulics Research Station (Wallingford)have stated
that there should be little detrimental effect and may be some
build up of the beaches (Probert pers. comm.).

Several types of wave driven generators are being developed
in Britain (Clark 1977). Only two types will be discussed here but
it is likely that others will have similar effects because they all
extract the same energy from the system.

Salter's 'nodding ducks' (Fig.15%9) are floating concrete
devices which would be anchored in water about 100m deep, probably
as a 'string' parallel to the coastline about 10km offshore
(Salter et al. 1976). The arrays would not be continuous but the
spacing is as yet undecided. They are expected to be extremely
efficient at removing energy (up to 80%) from the entire water column
during calm spells, while during storms they would have a much
lower efficiency and nearly all the wave energy will pass the
devices (Mollison 1976).

The Oscillating Water Columns (OWC Fig.160)are solid concrete
structures which would be mounted on the seabed in up to 25m
of water and project above sea level (Pickin pers comm
Roxburgh  Engineering pers. comm.),They would form a barrier
parallel to the coastline about 3km offshore. Again, the spacing
of these devices is undecided. They would be very effective at
preventing the waves reaching the sea behind them, but this

sheltered area will be much smaller than that produced by the
nodding ducks.
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Carbonate sedimentation in the area is discussed in the main
thesis. For the nodding ducks, the effect on the degree of sediment
movement by reduction in wave energy may not be great, as most of
the movement takes place during storms. The ducks take only a
small proportion of the energy from storm waves, so the reduction
in bottom oscillatory storm currents will be small, producing

little decrease in grainsize moved and rate of movement.

Nevertheless the energy converters will significantly change
the hydraulic regime for the entire region between themselves and
the shore, so that for either type .of device, the nearshore and
beach environments will experience immediate changes and may be the
most affected parts of the coastal marine system. Many of the
beach-machair complexes are considered to be already undergoing
erosion (Mather & Ritchie 1977), and Ritchie (1971) has pointed
out that the shore is in a delicate equilibrium which could
easily be disturbed by artificial alterations to the coastline.
Thus the installation of a wave energy scheme may have major

implications for the shoreline and the machair which lies behind.

Normally sand is blown permanently behind the foreshore into
the dune area and machair, while this lost sand is replenished
from a nearshore bank or 'reservoir' of sediment which lies
seaward of the intertidal zone (Mather & Ritchie 1977 and Fig. 161%)
If it is assumed that the Hebridean beaches behave as typical
beaches facing an open ocean, then sediment should migrate
seasonally between the nearshore bank and the beach (Komar 1976)
with the net losses to the dunes and machair being replaced by
supply from further offshore.

During the winter, when high energy, storm waves are common,
sediment is moved seaward from the beach, onto the nearshore bank.
Thus at the end of the winter the beach is in its most eroded
state (Fig.162). During the summer, lower energy swells derived from
a long distance predominate. Sediment moves from the nearshore
zone back onto the beach during this period. The beach therefore
undergoes an erosive phase to produce a 'storm profile' in the

winter, and a constructive phase to produce a 'swell profile’
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in the summer (Fig.162). The net process is actually determined
by the balance between the destructive and constructive types of
waves,

The Salter-type wave energy devices are designed to remove
almost all the energy of the constructive, summer swells, but to
leave the powerful destructive storm waves almost unaffected
(Mollison et al. 1976, Salter 1976, Fig. 163). Thus the balance
may be shifted in favour of the 'storm profile' leaving the coast-
line prone to extensive erosion.

The OWC can be mounted on the seabed comparatively nearshore
and therefore has considerable operational advantages. It would
act as a breakwater and very little wave energy would get past
the structure. Hence it should protect the coastline from
erosion. There is likely to be accumulation of sediment in the
quiet lagoonal area between the devices and the shore which at
present is rocky. Sediment may pile up on either side of the
devices and this could cause severe engineering problems. The
ecological implications are also considerable. The rocky seabed
at present supports a very important kelp and lobster industry
and these could be irreparably damaged.

It is very difficult to determine how quickly the sediment
would accumulate in the lagoon. Many of the calcium carbonate
secreting organisms may also be affected by the changes in the
hydrodynamic environment and the production rate of CaCO3 may
change. Also as the rocky substrate becomes buried under
sediment, so the nature of the CaCD3 producing fauna will change.

These suggestions are based on the assumptions that near-
continuous lines of barriers will be built, and that the
beaches obey the Komar-type seasonal variation. It has not been
decided how many and how big the gaps will be, and it is not
known how the Hebridean beaches vary with the seasons (Ritchie
pers. comm.). It is clear that further study of the beaches and

the nearshore and offshore zones is necessary before any decision

- 533 -



is made on the energy converters to be installed and that if any
full scale scheme is implemented the sedimentary processes should

be carefully monitored both on the beaches and offshore.
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Figure 158 Sites of highest available wave energy
(from Clarke, 1977).
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Figure 159 Artist's impression and possible location
of Salter's 'ducks' based on Salter et al.
(1976).
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Figure 160 Artist's impression and possible location
Oscillating Water Column (OWC) generators
based on Roxburgh Engineering (pers.comm.)
and NERC Newsjournal, 2, No. 7.
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(a) Summer (swell) profile.

(b) Winter (storm) profile.

Figure-162 Variation of a beach profile with
the seasons, from Komar (1976).
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APPENDIX 9

Particle size and carbonate analyses of samples from the
SCS study-area.



Sediment PSA & Carbonate Data

Explanation:

SAMPLE NUMBER is the IGS labelling system as at 1/12/79
NB.1 Samples are grab samples

" LAT & LONG are °N latitude and °W(-) & °E(+) of the station position
DEPTH is the water depth in metres
SED TYPE refers to the ternary diagram for gravel:sand:mud;-

100%
Gravel

3G is the % by welght of gravel (2+mm) in the sample

$S is the % ' " sand(0.0625-2mm) in the sample

™ is the & " " " mud (0-0.0625mm) " " "

¥CC S&G is the & " " " carbmuureln the sand and gravel

3CC S is the ¢ " " " " " sand only

%m M is tl‘e % " " " [[] " n md only

%CC TOTAL is the & " " " " " " in the whole sample

NB.2 Where a significant size-fraction has not been analysed for
carbonate, this total can only be an approximation.

NB.3 Where a figure is preceeded by 'E' it has been
derived from a visual shipboard estimate only
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2%¢, 68,4892 o SA7R S0, 68 47 St 2 49 oo we 49
2s¢, 68,9287 oA 6722 se, s 11 o¢ 8 68 oo 3 61
2%9, 36,5140 f 6019 58, tng 89 32 9 92 e= [ 14
263, 86,4113 8,4382 [T GS® 8 29 i1 ee 48 28 30
268, s‘.‘612 -5.@"9 !.. suG 78 19 18 oo oo oo 1Y
266, 56,4748 58,8372 132, SMG 81 32 17 ea 490 28 1]
268, 56 4737 ol _£99S e, =S t9 S5t I ee oo e "o
269, 56,1218 *6,2212 36, 3 N §190 N eos 11 82 11
272, $6,2902 =8, 3083 47, H N 99 { oo {7 &9 17
273, 96,7297 «§,3283 40, 8 N 09 | o= {3 3 13
274, 96,1540 »8,8383 S8, 8 N 97 J eo 22 36 22
286, 56,6282 ol 4378, e, ] [ 24 3 ea 77 82 76
282, 56,5017 wb 4033 89, M {7 63 20 I8 o= I 39
a0y, $6 3673 -8,5277 1o8, 68 37 84 9 40 oo 230 39
287, 56,5002 «6,75668 {8 $ 18 9e ¢ 67 oo oo [ T4
208, 58,569 =8, 7590 N, [ 3 2 98 68 68 oo oo (1]
292, 98, 3927 ol 1732 ss, S N 99 10 oo 04 69 64
a9¢, 56,3233 -6,9213 73, 3 0 6% 18 o= 42 28 39
298, 86,1977 ©6,6723 (1.9 3 1 03 7 ee 231 38 2
300, 56,2748 =6,9838 78, Gs 38 64 1 on 28 42 38
I, 50.3323 .6.79" "‘ ] 2 8 3 74 o= oo 74
32, 28,3678 -8,8392 TN S 8 76 24 e 48 43 48
378, 5‘.‘27! -’.525’ 3’. s 4 968 D 90 eou e [-1]
3P6, 96, ,A210 o7 ,5202 7. ] 4 96 N 93 e ea [ X]
A7, $6,0197 «7,4998 66, M 48 580 S5 27 ea ee ar
308, 56,680%8 o7 4784 138, ng 1t 78 24 87 e» 3t 9
311, s5,7707 ol 4142 a2, (2 0 79 2% e o= o on
312, 86,7407 ol 8080 216, s 6 82 10 osw we wm o
313, 58,0888 «7,3733 163, "g 0 690 31 oo eon o e
314, 88,6208 o7, 2412 H I " | B84 48 ee 8 3 "
315, 86,6847 77,1987 139, [ ] e 9 { oo oo o= e
318, 568, %12¢ «8,7308 O, 68 15 71 14 eo s e ve
9, 56,3168 «8,7678 132, "s P 62 38 we we we LY
J20, 36,9520¢ «5,9838 34, L] ] 8 78 24 o oo ee o
321, 26,5188 o8, ,0302 359, 8 1t B3 I8 ex es we on
322, 38,9240 o8, AR 11a, [ e 92 8 oo vo e v
323, 56,3383 8,8202 6, G 23 83 17 oo ee o ae
324, 86,9338 «8 0287 22, ng § 67 28 oo o e oo
328, 96,9600 «3,0348 e, S 0 88 12 oo e e ve
326, 96,5492 85,9217 62, 63. 22 73 § oo ee ow we
327, 88,5448 «8,9278 a9, ng 4 40 46 oe se oe o
o, 56,9393 «S.934n 1 “S 14 89 27 45 e 5§ 33
329, S6,%348 8,941 N, [ 8 85 1% e en e P
334, 86,6180 -8,0238 re, WS 8 78 28 oo e oo oo
335. 5'.0319 =8,1333 .ﬂ. ] 2 83 20 oo oo o on
337, 38,9852 o5,2282 2w, G 36 53 9 92 ee e 92
3348, "u"’& ‘6.?7” ”' (] @ 48 S5 es en ee -
339, $8,7978 «6,2018 43, GS 76 22 2 74 s B 73
3a0, 568,%¢72 e6,3%2¢ 22, Gs§ 2 12 2 09 oe 9 L 14
M 343 $6,7040 o6,419¢ 99, 3 € 8) (7 en oo o» aw
3Jac, seo”ﬁ; '*.‘ﬂ., 8o, -] " 0% 8 oo oo oo .
342, 88,7937 6,460 .3, " K 68 3% 30 .. 20 36
346, 58,.787) -0, 80KH au, seG 70 1t 8 we oo oo s
37, S8,273% 6,360 29, 68 16 78 B 07 e 29 'V
sen, 6. 7637 8,334y o, C 78 24 2 04 ee = ve
s, 55,7730 ob.2497 181, n5 12 37 31 ec we es e
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a7,
470,

ang,

LAt

68,7835
&8 74630
56,7813
56,7087
56,8063
S8 Ag78
86,4813
S6 n7ar
56,2882
56,8000
$6,0323
56,9537
56,9337
56,912¢
96,5120
S6,9121
56,8633
86,9170
56,9368
$7,3%68
88,9707
$6,9252
56,0653
56,0478
38,5878
86,6083
56,6147
56,8492
$€,8%68
56,6747
$6,6213
56,7237
58,7702
$8,7908
56,8748
$6, %888
56,8973
56,9133
56,9157

LY ST IE)
AT, 1190

LONG

o8 2347
b 227
sh 713
LLPR R}
. 01318
«6,v'427
b 428
of 497
oh, 0547
NN
-8, ¢573
oh ¢324
oK, 0018
.8, 1063
*6,1163
oh 1083
.ﬁ'sfﬂz
=6, 5087
ol 8,607
o8, 8072
=h S753
©6,56830
=6 ,5C68
6,507
-t ,9928
ol 1908
el 4867
«?,3518
«6,7397
b, 7102
o5 6823
~6,6418
a7 1427
o7, 2345
6,4218
e6,2782
85,2622
«6,2142
86,2278
.8 ,2438
w8 2672
w8 3280
ol 3332
b ,3510
«6,3272
«8,5793
«5,5068
55,6198
oS, 6448
vf 856D
b 7080
=8,0840
«6,9993
o7,1323
o?7,3640
=8,3943
of 3317
=6,2)08
85,1708
86,1120
of ¥547
oS 0433
5,054
-8,0778
8,048
ol R1a8
o8,7948
=§,52¢8
'ﬁ.lﬁzﬂ
oh IR48
b 4962
=6,5478
oh 5718
ot 508
sl ,h142
.6.62"
oA 2080
wh, 8310
7,012
«7,0972
°7,1240

DEPTHR  SEP
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1ve, s
37, GS
94, (113
6R, "
4y, (1]
62, [
S6, "
s6, 4
53, "
ss, »
S, "
62, “
78, 8™
16, ]
18, (1]
18, [1 L]
a7, ng
1o, [£ 1
91, Lt ]
100, (]
83, (1 L]
92, 1 1
46, MG
70, ]
66, Gs
182, GeM
187, s
140, L
61, s
25, S
s, 8
82, G
1e8, (1)
154, G
65, GS
87, S
188, csM
3, ]
132, ]
156, "
102, ]
o4, (11
o, 8
30, L] ]
on, S
37, 3
9, (2 L}
208, L1 ]
24, ]
", 3
i, ]
a8, LR
77, [ ]
90, ]
’8, 9
161, [+ 1]
97, ] ]
3, L] ]
81, [
61, (1 L]
n, ]
36, 8
e, ns
aa, (1 L}
19, R
144, "
68, (11
87, L1
Sa, L] ]
118, 3
SA, rs
69, )
117, L]
a8, ]
S, L1 ]
., [ ]
68, 4]
101, s
130, s
136, ns
182, s

- 350 -

6

.

»
o

»n
» o

-

L o
DR ZZO00OOSTHOARNAUWOZI28INIVANN

- -
[ I MET A2 L FY K X F-EEI L4 N LXK LAN FB SF4 FSE R L RIS ¥ R-F X -F B

-

- o=

E 194
S$4G

3CC

zCC
]

2¢
[ ]
L1 3
e
-
*e
12
e
e
aoe
on
o*ow
.oe
L1 ]
L1
28
oe
(24
e
[ 2
e
o
o
*w
oo
27
28
10

APP
2CC
TCTaAL

¥4
97
ow
71
LY )
L1
.o



ANP LAT LaxG oEPTH  SEP X6 X3 XM XCC XCC XCC APF
:uvnts ] TYPE Ss6 8 M YEEEL
4, £8,7778 oh, 4732 1s, 5 0 A3 190 se es oo -
anh 56,7¢6%) of 4058, g, L1 1 726 23 36 e 4 3%
aRr?, 86,7272 -t 4742 148, S P 68 32 em e e ..
d8o a6 4348 .d 67495 a3, ] DA} 1Y e e o -
a9c, 58,7127 LI I o4, ] ha -1 { o= 27 ee 27
291, 56,1099 *5,8967 a2, K 28 42 32 oo o= o= -
492, 58,1348 «5,9497 89, GS» 5 29 86 ee o8 22 3
494, $6, 1688 b -Sp3 7, S C 86 16 ww 38 29 »
495, 56,1760 -6 1218 8, H 2 97 1 eou oo == we
496, 56,1783 b, 194" .3, GSH D 28 72 ee ee oww e
497, $6,1787 LR - $%, 114 C 28 72 ee we we "o
490, 58,1567 35,5505 re, GS 19 &5 1€ o= 285 & 29
490, 56,314) 3 #008 26, cse 89 4y M e e se ve
s20, 58,302 .8,9752 s, S 0 87 43 .. 12 19 1%
502, $6,2€FS -6,3360 30, GS 23 74 3 60 oo o» oy
8™, 86,2593 oh 17233 74, cam N 33 87 == 24 20 21
s24, 86,2438 .6, 2459 o5, 8§ 8 93 7 e 40 S0 )
spe, 58,3688 -8,0827 37, NP 4 96 ee 3¢ § 9
see, 868,3¢27 b (982 22, L] [ 2 98 e 13 12 12
809, 56,363 oh 1003 49, s N1 ee 0 W9 st
510, $6, 3500 o0, 1168 e, ] [ ] 2 98 o= 24 1B 18
LIS 56,3882 6, 1313 $4, L] [} 1 99 e 33 (& te
516, $6,7e57 «7,1263 190, PN 1D 9 wee S8 ¢ 3o
817, S8 78¢S o7 4768 158, G8M N 6§ 859 e 30 28 3
510, 56,8407 »? 3273 196, G&® N 43 87 e« 40 82 (-]
5". 87.2510 .5.62‘9 ’3. s 20 78 e e wa e e
522, 7,268y 5 6494 07, Gs 27 72 { oo wve oo Y
$24, $7,3692 85,6803 2, - 14 02 4 oo oo oo e
52§, $7,2¢14 95,7156 63, 68 19 63 18 we oo e ve
525. 5’,‘:57 -5‘5533 !2. can N 23 7? e oo eoa Y
527. 5,.12‘2 .5.5’67 ’0. S 2 8 9 eov ee e os
53¢, 87,133 «5,6917 [\ S 1] 46 42 es ea o= [ 2]
832, 86,6322 e5,9848 se, ] [} 1 99 e 81 4]
£33, S6,A6R) 6,177 a, GaM 9 49 6C o= §i 28 19
534, 56,6632 oh (967 o4, M 4 96 es 81 28 20
838, 58,6682 wb 1478 196, » [} 3 91 oo 98 €9 46
536, 36,6638 -6 ,0548 338, § N 989 | 23 ee e 23
837, 58,4752 o8, 7247 22, (1 1 9 41 890 oo we o e
s38, $8,12%52 o6,1¢69 34 [ 2 W { eo we oo 2%
sS40, S8, 1107 ob,it132 43, S 6 68 4 oo oo e ow
Se1, 86,1682 «3,9020 sa, (X T] 0 33 67 eeo en e e
S42, 36,7983 o8, 0238 a, S N 08 18 oo oo oo o
Se3, S8, 1ce€8 35,8653 129, g 3 87 42 om 48 48 a8
348, 5..12’5 -6,!667 O'. G8M 26 31 43 oo ee e ae
Sa6, 86,1402 «8,9132 197, 8 2 75 23 ew ee we ..
ga8, $6,2308¢ of8,9c63 94, 1. 1] 4 37 83 e 48 2 N
851, 57,4093 6,061 17, GS 285 7 N eoa oo ve -
882, 57,3932 -6,0223 82, cs 44 88 { 63 oo oo 63
8553, $7,3%0¢ 86,7912 66, Gs 29 73 { oo wve we we
S84, s7.278¢ oA 7677 124, L] ] N 77 23 oo we o [
s6p, 85,9269 «$,5518 69, N8 § 99 ee J4 20 20
26}, 56,6232 «§,7668 43, $§ 17 82 N 38 es oo 38
564, 58,6843 =6,8207 ss, 8 14 86 N 79 ve oo 78
see, 86,6183 68,9220 68, M9 18 85 e B3 3 36
567, 50,4428 »7,2628 186, L]} 1 63 37 oo 17 20 n
ses, 36,4380 »?,2348 130, GS" N 34 66 oo 3 28 30
SA9, £8, 4920 *?,1743 22¢, 8% 2¢ 24 52 ee Sn 28 39
8re, S7,1178 o7 0412 143, »s { 8) 36 e 4 28 12
871, 37,2192 »7,0288 128, MG 42 32 29 ee 29 2% 28
sr2, §8, 3042 e 4743 12¢, § N 99 { ws 15 ee 18
$24, S6,1648 7,630% i18, § 1 99 N en B e e
$78, $6,29¢S a7,7227 109, cs 48 8% 1 oo 28 e 2s
876, s6,1103 »?,5038 s, § HIM N ee (4 ee '
s77,. 56,1842 o7,427% 14, 8 H 99 N sa (0 we 16
882, 36,3723 vt 7687 T 62, s 9 99 N oo 20 e 92
ey, 38,2530 6 ,2747 T s 6 9s 8 o 12 e 12
S*4, 36,1058 of G8AY 12, s 3 ) oo e 8§ we 1.
88s, 68,1842 o7 ,PRAY 88, s {1 99 N 82 ee we 62
3R, S6,2028 -7, 2187 173, e 0 {0R ee ee |9 ee 19
2, 96,2533 7,319 123, e 78 22 ve se 49 oo 9
§91, 56,483) ol 4738 183, [ 1 99 N oo I8 v 3
892, 56,2363 ?,8348 198, [} N 98 § oo 43 e 43
%3, $6,7283 «?,6010 32, s 1 99 N 89 ems ee 1]
896, 56,9543 -8,0717 120, $ N 180 N ee 19 ee 19
ées, $3,%4%n 7 8107 84, S 13 04 | 96 ee e o
653, 88,4533 2,683 137, [} e 23 ?7 en 74 ee 74
6ee, §6,4233 .?,62%0 ted, 3 18 84 P es 22 e 72
633, 54,7087 «7,85%0 173, G 68 585 N 44 ee oo "
6%4, 56,7530 72,9717 12, s 1 98 1 63 ae e a3
638, 56,0028 -8,0803 ja%, [} (I 1 1 s 9 oo 9
636, 56,8667 b, 7000 158, $ ¢ 97 3 es 14 e 14
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SAMPLE LAY LONG oertH  8ED I6 X3 Y™ ICC XCC XCC aPP
NUnata ] TYPE e § » 1cC
TCTAL
t57, 86,9{ 40 oA 3088 183, $ 0 99 | ee 10 ee T
888, 58,9607 ol 4tA7 T 8 * 9o { oo 1 e )
€89, Sa 3578 NP I¥1 184, § 0 98 2 ea ¢ ee N
660, 56,9102 ok JOAT 133, s 3 97 N ee 19 ee 19
661, $6 857 o 1417 153, § KN 972 2 ee 13 we 13
6Ad, 38, 3h&0 o7 8217 120, ve { 97 o0 oo B8] oo 8t
66h, $6,5650 -8 #0833 185, .- € 100 ee oo B] ee Ry
667, 86,7%33 f 21627 155, s 13 w2 N we §] ee 11
668, 56,8028 o8 338D 158, [ ¢ e N oo .§I' ee {4
669, 56,800 =R, 4358 15¢, § 2 9" K es 24 em 24
67¢, LI ok 5602 154, § KD N es 2] ee 27
673, S8, 95a¢ -8 60v8 153, S ¥ 99 | ea 37 e 37
672, $6,9383 LLNCBFd 152, SMG 87 43 N ee 8Y ea 59
&73, 86,8683 8, 7667 183, S @18 @ ee 6) we 63
674, S8, 8200 of 0327 183, [ J 98 | ea 28 e 2R
e?7, $6,6692 oh 2833 183, -] & 9 N ee |8 ee Y,
ere, 5‘.’].? ot 1667 158, ee I 99 ee e §V ae 19
679, 36,8717 -8,2509 188, § 0128 N e 4} oo 43
[ 1.1\ 36,4647 -8,7333 193, s 0 9o 4 oo 48 oo a8
684, 56,8167 38,1400 190, 3 H 99 1 o= 85 o= 38
6n2, 36,3728 *8,2717 2¥0, $§ h 98 4 ve 45 e as
a3, 56,6073 -8 ,3033 183, ow P 100 oo ee 21 e 21
684, - 56,6683 o8 8282 152, e 3 97 ee e 20 we 20
60S, $6,7183 «8,6192 138, e 2 98 seo oe 20 oo 29
686, 56,7683 ol T400 1485, s 14 88 N ose 23 e 3
69a, $6,7028 =8,8333 138, § 7 93 N se 37 e 37
691, 86,6500 o8,7183 183, o N 103 oo we 26 we 26
692, 56 Soec -8 ,5862 170, o 1 90 ova oo 23 ea 23
693, 56,538) of 4693 198, ] e 9% 8 e IO we 30
694, $5,5000 »8,3667 183, "8 N 73 27 ee 23 e 23
695, 36, ,450¢ «8,2%503 183, s 1 82 17 e 32 oo 32
696, 56,3803 -8,1333 180, s 3 98 2 oo 36 we h
697, 56,3388 =8,0078 218, L1 ] 0 58 42 eco $4 oo da
699, 56,3717 o8, 3383 198, [} N 99 1 em 19 oo 19
720, 58,4242 =8, 43002 168, CTY 1 99 ea wa I} oo 33
784, 86,3503 -8 5358 162, e 0 190 wa e 21 ee 21
7382, 86,4075 o8 6300 168, e 8 92 oo e I e 3e
”3. ”.‘n" .’.”“’ 163, e { 99 oea se 24 ae 24
TRd, 84,5358 58,6833 198, ve. 2 00 o ee I we 0
708, S6, 5003 198, [Ty N 08 oo we 3§ oo 35
708, SO.&L’Q «8,0083 186, o S 05 oo ee 49 ee 49
700, 56,4578 «8,7500 138, s 1 o8 1 oo 23 we 23
7ie, 86,4387 o?,9167 210, ] N 7 oo 42 oe 2
714, 36,4587 «7,00%0 188, s N 9 1 we & e 14
713, 56,5392 77,7383 220, ng | 74 28 es 4] em "
714, 56,4883 »?,618) 173, 8§ 2 93 S ee I3 e 3t
718, 56,4278 «7,8908 188, ] @ o 1 oo 33 e 3
717, 56,2087 -7 ,8888 148, [} 7 93 N A3 se we 83
r1e, 86,2383 o7, 7742 103, SHg 82 4o N e 36 oo 36
719, 56,3167 »7,0602 173, § N 99 N ee 22 e 22
720, £6,357S ?,8717 183, $ 0 9 2 ee 23 ee 23
21, 58,4383 e7.4908 188, s e ifQ N eon J4 »we 34
722, 56,3675 °7,3782 s, G 80 12 N oo 82 e= A2
723, 36,2692 o7, 1262 119, $§ 2 9¢ 2 oo 85 ee {1
724, 98,2228 o7 ,0067 3, 3 [ 2. ] { ee 22 e 22
1418 S8, 4978 o6,9828% 33, G 98 S5 N eo 78 oo 7%
728, 56,3687 «8,8383 a8, $ vV 88 1S e 42 ee .2
729, $6,3167 0,700 9, 1) 6 94 eo ve 3§ oo .1}
738, 56,2667 =8,5088 LL ] $ 13 87 N es 62 oee 62
731, 5‘.”33 .‘.01.3 118, o 0 182 eeo oo 84 on sS4
732, 6, 435R «$,7503 1980, »s e 67 33 oo 32 o= 32
735, 96,9533 «?,0908 117, s N 9 9 69 o7 22 [1]
736, $6,2542 o7,%408 168, [} 1 o8 {1 oo 6 e 18
737, $6,225¢C v?,4333 120, § NISF N w» {4 ee 14
r3e, 56,1533 -’..3”"’3 110, $..1 9 N, oo 23 eeo 23
rae, 56,2400 o7 , 31433 13, 8 3 97 N ee 26 oo 20
744, 56,2833 7 ,4217 123, o 82 18 co eo 27 ee 27
762, $8,135¢ ) Sera 148, 8§ N 09 1 ee $4 o 14
743, , 56,1908 o2, 7080 148, s N 3 e a4 B Y}
o4, 56,1758 o7 0800 tin, § €147 N es 1] ee 1"
Ja48, $6,1167 ol 7428 130, ] [ 2} 4 73 oo e 73
Tet, S8, 2647 o7 5380 tde, s $ 98 3 ee I e 39
y47, 56,8078 7,508 163, 3 B 1HA N ee {9 o= 19
74¢, $ A%t -8 9500 s, GS 34 86 N ee 82 oa 82
749, 46 4217 P e212 183, ['] 7 9 N oo 47 oo (14
780, 56 3500 R 730) 166, e 2 90 ee o0 8y ee 58
784, $4,302% 8,616 1sa, [, 2 9 e we I3 we 33
r%3, $A_N102 «h 4200 190, oe B IR ee oe 30 ee 30
784, S8, 268y h 3280 183, $MG BR 37 2 e 4D ee 4t
4108 56,0083 8,108 193, S A8 2 ee 27 ee 22
rss, sh 1578 8,008 tas, A0 74 2% N ee |5 e 1%

552



Savs g
HUMBt R

SH 787,
P 7%,
sho76r,
SH 761,
Sh 782,
SH PH3,
Sh 764,
o 765,
SH 766,
sH o 7E0,
SN 77¢,
w7,
e 272,
&N 773,
Sk 774,
sw 277,
sH 27r,
¥ 779,
sh J8D,
SH 781,
SH 782,
sH 703,
M 784,
8K 78S,
8K 706,
sk 782,
SH 768,
SH 794,
SH 792,
su 794,
SH 79S8,
SH 79¢,
sk 797,
SH 798,
SH 780,
Sn 82¢C,

Lat

S8,1i83
$a o2
86,0747
56,1012
56,180
56,2317
St ra0m
88,0633
56 2P

€6, ron0
56,1042
56,1733
68,1513
55 278
56,7:7%
86,2423
56 2833
56,1378
56,1808
56,2400
56,2933
36,3388
56 ,28%¢C
56,2363
96,1847
S6,0530
Sé,1187
56,2983
86,428
86,2762
56,2233
96,7042
56,7367
86,6650
§5,63R3
86,5867
86,6042
56,6550
57.3&\2
87,3332

85,9094

$6. 8854
56,8756
86,7624
S8, 7766
88,7784
s6,7727
89 9n14
S8, 5011
58,7277
SR 744D
88,8129
58,852
S8 2017
58,9068
38,9261
58,9504
58 9882
£8 9806
$e,9247
88,9230
30,9598
80,9941
$6,938¢

. 58 9308

§8 7234
56 9108
39, 957
58,9210
58 9827
S8 32
S8,0012
98 E2e7
Sl t4
58,0023
SRA #nay
58,4229
SR RO
Sk 2302
se @rge
58.k574

LONG

o7, 8700
STBNEY Y
LS
R 3722
LI 24 ¥4
-f 1550
wf D307
o7 P25
2, 7192
o6 8007
of.4217
NI
w6, 0558
oh QD
8,775
-8,2303
.ﬂ.)sl’
.l.l.’s
-ﬂ.‘l&’
-f 7347
8 8500
-8 9573
«0,0242
=8,93688
o9 0378
ed o000
=8 ,9C08
«8,7740
o8, 08667
-8,5742
Dl.‘SSE
w7, 4R33
=7,2038
e7,15687
2,398
«8,9078
sb,7708
=7,7383
«?,1497
o7,4013
73028
), 2064
ol ,5435
«?,5330
»? 8360
=7,3130
2,648
*2,6098
.2,652)
-2,6408
w2,4049
-2,46822
22,9366
-2,0232
»2,0214
»2,0921
»2,1569
»2,193¢
*2,1533
.g,2442
«2,2938
*2,3383
»2,4243
e2,4111
2,333
-, 4894
w2, 0048
~2,3729
2,018
o?,5688
07'9432
«2 0G0
v’.‘&ﬁs
2,4432
2,340
=2,2033%
*g, 2397
a2 1072
-2,1307
-2,0690

DEPTH

L]

128,
1en,
erh,
167,
139,
128,
137,
140,
198,

sa,

35,

66,

68,

70,

7%,
188,
188,
143,
148,
158,
168,

€0
TYPE
s
[]
%
S
GS
4]

Gs

- SEyg“._
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68,09, 148, 82,7018 23,2747 96, S Lt 99 N e« 3 & (1]
88,01, 147, 62,6700 .?, 3294 131, 3 1 97 | e= 67 & o7
80,01, 148, 62 68452 @, 3464 101, €y 28 7y I es 7t Sp 71
69,01, 149, 63 616D - 2878 94, S 8 94 ¥ e 90 82 (L)
. 6B,s3, 151, 63,5642 o0, 3388 22, 8§ 8 98 N e 93 36 93
‘...’" 184, 62,3769 o 7849 73, ow: o w8 weo weo I we 37
60,1, 183, 63,363 -0, 7019 s, 63 34 §6 N oo 2 20 82
08,01, 156, 63,.3n32 oh 7841 73, 63 20 939 16 e 92 08 94
60,01, 187, 53,349} @, 7729 86, ] 7 93 N ee 935 8% 3
60 ,=], 138, 62,3394 ol TEAD 91, [ ] 1 99 1 o= 91 66 91
Ch,ol, 160, 68,308 oV 7022 v, 69 21 7’8 § ee 91 82 91
6R,e), 162, 62,3034 #7080 06, SMG 54 29 17 ee 8 32 19
68,75, 163, €M, 203 o0, 7567 94, § 2 97 | ee 93 3¢ 03
6B,»1, 164, 61,2702 . 8913 o6, 8 1 9 4 ea 70 an 74
68,01, 163, 51,2840 0 8838 102, § 2 88 1) 0 8 W2 84
60,01, 164, 82,2308 o', 8999 113, 3 2 9 4 o= 89 40 78
6,1, 187, (0 2580 o, 0469 M § 1 9% | e 80 @ Re
60,1, 169, 60,2342 o' Q7M1 A3, GS 28 97 In ee 37 39 3¢
of, o1, 178, *9,202¢ Y b 91 8 1 % 1 .= A8 B ua
67,=3, 171, 00,:753 9.,9Cq TN N8 2 78 20 ee 48 09 LY
6P,=1, 172, 60,1382 0,896 127, L] « 9 $ e 43 38 41

- 557 -



SAnPLE

Mne3 (Y34 LONG DEPTH SED IG X8 X¥ XCC 3CC 3CC  APP

. , ] TePE W 3 L] 3CC
Rewie 173, LIS AR )] oy 5
fatoie A 6{:“.3 .;.Péfg :31. S 3 97 2 e= 26 Sa To;7L
(oot 1780 aat1sta -r':’J.‘ﬁ |:lo 9 {1 92 7 e= 31 4} 32
EM,my, 176, FAL 7R st r122 1 :. : - yooa o
thoel, 177, 63,2314 w2240 ,:q° 63 28 72 h ee 71 M ”
Ba.el, L7R, 60,2882 oL 718 127, S 6 92 3 o o s
el , =1, 11BN, 60,2193 o¢.?o~2 Lo ! : $ 32 2 oo e o
60,01, 142, &A1377 e 04y ton S 27 ra 0y ol .
s0.e1. 186, 63,0124 YT 128, -SSR - 2e
6f.e1. 100, 67,5582 ot 4783 on, P kN el
6d, ey, 104, 82,5426 -r'lbss 7;. HEHIH A S
Qa'.l. :‘;5' (‘.65‘7 .0‘!‘;’55 ‘a. GS 30 30 2 e o 8 (-1}
fPoel. 106,  t].5ASO Wi 7830 el s e N s
60.el, 198, 62.93(8 -t 8027 187, HENY S/l A S 44
B0,ef. 204,  S1.9373 - 8929 126, H -4 o
S0els 2000 82,0373 Tiedead 126, $ 17 83 N ee 872 83 A7
LTI L N Seandd 143, 8 22 60 N o I8 39 18
colels 203 8379142 AP e N s S 95 N ee 88 89 (1)
Seels 23, E0.0142 shoazee M, G 93 7 N <= 81 60 8y
80,1, 205, 63,7842 - 6762 ;ag' LA+ S 4 4
60.e1, 20%, 63,72%5) .f. 0294 116, -+ 4 4. o
6Bowel. 207, 62.7176 - 5392 129, HERS S S B
6a. e, 208, 62,7178 il 4941 t2n, : AR -
oh.eqs 279, 6707139 ol 2697 N HEEAH S 4 - S 4
BLels 218, 6A.7SA7 P 198D 97, c )3 2 1 B ow B
60,4, 212, 67,0312 -0, 3870 T mnn ooy
60.e1, 213, 63,0433 PEATIT i T - B
80,ef, 214, 61,9934 o 5446 154, HEH S S S
60,08, 218, 6N, 9088 o“.sﬂ\‘l 3 : s 4 S -S4 4
60,01, 216, 83,9919 «2.7224 : 3 -+ M S B + 4
60 o1, 217, 87 9827 -'v\.QFEQ l". s 19 Ot N we 84 87 84
6P.el, 218, 42,9583 .. 8200 x:°° -+ Pl + S A 4
69, =1, 223, 63,8631 «P. G898 12 T S
68.e1, 221, 62,8377 . 9723 ‘o8, TSN A B4
60.e1, 222, 67,7632 .0.9073 89, JHEA S 4 A A
60,01, 223, 69,7984 8,999 s, AR S 3
80,01, 224, 62,9004 - 9882 . 26 76 o ou a4 83 o4
$2.9004 0,905 108, G8 26 74 N ee 84 83 84

51.9091 -0.7559 9, GS 80 19 N es 74 oo 74

52,9095 oty 3922 ::2' e B o ne N

623038 si30e2 i, 8 7 92 | e 59 58 60

88,9598 o, 1533 B 3 1% 380 8

630 8e24 o'.399‘ lgl. ] 1 9 2 ew 43 &3 48

62,0289 o 8022 Y HEPPE - - A 4

827592 “.52” 108, $ 12 9% N oo 91 69 91

62,6933 9,594 132 - T -+ S

§2:8933 z2.3804 32, 8 4 94 2 ee &8 43 88

$3.8023 s0.8443 111, 8 1 90 N ee 74 44 70

82 5060 oP"?ll :9. s 20 80 N o= 78 88 78

5275213 -0.6981 8, GS 28 72 N <o 91 &2 2

523084 -0.43!5 128, 8 2 9% 3 es 72 & 7

82,5663 -P.3522 33' HEE Al - 4

67,9683 «0,2783 . I -+ S

Seuders  ioures 99, S 2 98 N ee 93 6f 93

s2.3674 w2122 108, S NIOR N ee 51 81 91

62 80y 00.2303 8, L) N LU N ee 94 A 94

sa.srey *8.2303 118, S 1L 98 1 e- &4 72 g4

82,7129 28,5078 192, G$ 24 75 N e 66 S0 06

63'722“ .'.‘.“ 104, -} 1 99 N se 82 6! 82

6':9361 -..’230 97, s 185 oS N eo §) 30 [}

g3.3361 . reamees 102, 8 2 00 18 <= 41 9 4}

A EHA 00.9433 ;9. 68 20 73 .3 ee 48 04 (1]

62" 3060 .0-.2" 3, s 17 0 2 o= W0 87 [ 1]

$9 1002 -v.ﬂllt . 68 27 72 {1 ew 7R 40 r8

68,1, 257, 62,1129 “a,8813 0 HE- A -
80,01, 237, ER.LLE sa.5e19 e, 8 19 81 M es 80 40 49
60 el. 259, €3 1027 ..os"‘ 121, - 8 -4 92 4 we 31 &) 31
60,01, 267, 89,1232 o, 4368 115 Pl b nn o
S0el. 261, 531717 ch 3402 12¢° YN Yo uYy B
60.e1, 262, 64,2273 o9, 2243 1%, 348 e u
89.ct. 262, 82,2003 The20e 130, G3 33 65 2 e 23 83 23
Ghevle 200 A0.180 saeg2et 126, S 3 92 8 ee 24 486 25
6risle 248, 82,239 she023 1r2, S 1 98 | e 31 42 3
6Fueis 270, 67,1062 .i'e7923 3 HE - 4 S 4
SR,el. 271,  SAL1287 .0 8289 b4 A - LA
8Renls 2710 Aoz =9,92¢9 108, S 3 98 | e= 82 3 82
60,010 273,  60.0273 «0.9738 e T T et i w2 v
3L AL 40 Lo ) 34 1o, 3 1 94 4 ee 42 42 .2
600e1 278, 60,0631 sesiny 13 $ LS 2 e 35 4 s
chl-1l 2760 £8IC1E9  -0.8T19 Loa A S N

. - " . L1 ]

el +  60.1007 0,219 1y, SFG S8 4t | e ;3 :: ;;

- 558 -



SamsLE LAY LONG DEPTH  SED 16 k3 kM xCC XCC XCC apP

NUMBER ] TYPE L6 8 » 1144
TCTAL
60 ,e5, 202 6?.5“3 PR T o1, $ 11 @8 J ea 5% 4w .y
6P, o1, 293, 6o,9614 o', 02,2 e, s 1 89 1 es 42 44 'Y)
&p, ey, P04, A, SRAD e 00 Q a7, TexG %2 48 M we B4 N (Y]
6, =1, 208, 6HA, ShN8 ot (RE I o4, 65 21 78 1 ee 7§ 48 7%
EP, o1, 296, 62,5%97 ', 8144 L Gs 42 W M ee 04 83 94
Ed, 01, 297, 6], 549¢ ot 74048 Ao, Gs 25 7’8 N =e 9p 4H 96
6,01, 208, 62 50%) ', 7443 sp, S 13 8 N ee 95 6) 99
6P, =1, 299, 82,6179 -0, 2342 78, 6 A2 17 | e Qa4 3} 94
&p,»t, 300, 63,5340 it Faatd se, 68 37 63 N ee 285 %8 (1)
60,01, 31, 6P, 06379 . 0239 a0, s LI )] N wa 33 we (3]
60,01, 372, 6A, 6450 e AREXD 7, [} 3 98 { == 86 oo (1)
60,01, 3, LERLT LA e 7879 $3, SeG 76 24 b ew 94 4 Q¢
€0, o8, 34, 63,6706 ", 71583 (1.8 s 3 9 L we B 8 L1
60,8, 3IN6, 6y, 2420 e 35A8 124, s 1 97 2 ee 31 44 31
60,1, 37, 63,1472 TP B H 138, s 2 & 9 o= 21 44 23
60, =1, 378, 80,1137 o, 8856 126, H 1 98 4 e» 200 I 21
6P,®2, 1, 83,1193 S PrL ] sa, S 1 99 N ee 2% 38 2%
60,02, 2, 63,1033 #3002 .3, GS 47 953 N we 80 o= (1]
60,02, 3, 63,2774 v1,7156 o0, SHG 66 I3 | ee 91 &3 91
AP, 02, 4, 62,0350 el 0e0] 93, $§ 5 9 | e= 9n 68 90
69,02, S, 60, Ng40 o] 724 M, SnG 987 46 J ea 885 684 [ ]
60,02, 6, 63,1073 ] V69 L S 9 9 N e 68 82 (1]
68,2, 7, 68, 83% ol 1410 as, 68 24 76 N ea 80 S 86
6a,02, 8, O¢,~218 -],0137 106, § 6 9§ J e 44 30 "
68,02, 14, 6o, 3029 o] 4977 i2o0, s 2 9 7 oo 56 ee 50
68,»5, 18, 58,7477 1,504 113, SPG 62 I8 N ea 68 wm 69
60,02, 16, 68,9869 ) 970 233, s N 108 N oea {1l e 11
88,02, 19, 60,7517 o] i'67 o0, 3 78 22 N ew 77 e 77
60,02, 22, 62,3517 .1 ,4758 ss, S 8 92 N 90 ee e 90
6R,e2, 23, 63,2558 -1, 5833 8e, s N g0 M 76 we a= 76
60,02, 24, 63,1917 o], 7580 ra, 3 1 99 N 87 oo oo [ 14
60,02, 29, 62,0003 o1,7967 77, s 6 94 N 76 ee e 76
60,»2, 26, 62,2917 al 048 21, G 22 78 N 72 oo ae 72
60,02, 27, &0, 1750 -1,9667 73, SHG 57 42 1 88 o= ee 11}
ce,»2, 28, 62,17% 1,838 60, GS 43 %7 N 96 e ow o8
60,-2, 29, 62,172% w1,2367 7¢, S 18 62 N 9) en oo 93
60,2, 33, 62, ,16R3 ot 8817 77, 8 t 9 N 85 oo e as
60,02, 31, 6a,2¢38 «1,7733 s, S 10 81 N 83 eo e 83
68,02, 133, 63,2472 ) ,9992 28, SHG 63 JB 2 o 04 oo 0d
60,02, 136, 68,4042 «],862% 106, § 1 98 N J7 ew e R 14
69,02, 41, 62,3961 o ,834% s, $HG. 63 36 { 27 oo oo 27
e, o2, 43, 63,4383 el 5417 8C, s 16 89 N 72 ov e 72
60,22, 44, 63,4308 =g, 7233 o, GS 38 62 N 9D o= o [T
68,2, 45, S8 5217 -], 8208 118, G 91 6 3 eo 63 ea (2
60,02, 47, 60,6917 -] ,8233 183, e 2 98 co §1 ea e [T}
60,2, 33, 63,6084 -] 0024 111, 8 2 o8 N 78 wa oo 78
ae,»2 83, ép 6080 ], 7133 113, $ 1 98 N 38 e o (1)
3'..2. Sd, ".97’5 .l.‘zﬂ’ a9, 68 J4 66 eo 78 ov ow 76
OB..?. s8, 6".333 ol,J!!S 124, -] 6 93 {1 03 ee oo [})
6p, 02, S8, 62,9733 1,6633 137, S 3 97 N ee 28 %9 F1)
6,02, %9, 68,9pSH ],69233 127, § 2 9 N S8 oee e 11 ]
60,02, €0, 60 8367 ol 6502 137, G 21 79 N 34 we e 3¢
60,2, 614, én 7583 -],8892 104, 8§ ¢ 98 {1 ea 35 98 38
60,»2, 62, 83,7617 -}, 4492 120, § 1 99 K 89 e e 89
60,02, 83, 6a, 7792 ol 1667 s, sHng 69 3 N oo 82 79 a2
68,2, 66, 63,9297 l,1233 120, 9 20 68 N 83 ee e 63
68,02, 67, 62,50% e],2458 197, MG 51 49 N ee 8} 78 "
69,02, 68, 62,9783 o},3321 118, g 185 &8 N 87 oo oo 87
63,#2, 89, 63,9650 e],500) 130, 1 3 97 N ee 48 & 48
&e,02, 78, 68,3708 o] 8000 140, 3 4 96 N e 31 ¢ M
0,02, 7%, 60 9080 el,9233 133, 88 20 79 1 we 228 %9 22
60,02, 72, 6n 8292 .],9290 113, G 5 (8 N o= 4¢ 85 ]
60,02, 7%, 88,8203 el 7867 118, GS 35 60 4 e 46 83 48
89,02, 76, 63,8722 ],2238 69, § 12 68 N oo 83 oo 1]
68,02, 78, 64,6243 »l,230) 91, $ 13 86 N 07 e» oo 67
69,-2, 79, 63,5079 i 2608 73, S % 97 | wse &1 oe 6}
68,02, 00, 63,5223 e],2668 76, ] 3 o T 3 o= 42 L ¥4
60,2, &1, t8,2996 ], 2784 a9, 8 19 o 1 79 ea e 79
68,»2, 92, 62,3350 o} ,2460 as, S 17 83 N e 90 o (T}
6f,»2, 85, 68,6138 i, 1098 se, $ 9 89 2 62 oo ¢ 62
St,v2, 86, (2,440 -1,1200 82, $ 13 07 N B} e ea "
80,2, 92, 82,4983 ], 1733 a7, C 9% N esw B3 ee 3
60,02, 94, 63, 4e50 -], 0833 0, s 7 9 1 9* oo oo o
60,02, 96, 60 JSAY o1, 8100 e, S 158 04 { 9P <o ow o
P, o2, 99, (8 _Np%0 -], 0003 87, Y 1 00 38 ee S8 4S5 92
68,22, 100, 60,3233 o] ,O02N) 66, GS 21 89 oo 88 oo e ne
6P =2, 101, te, 3233 ~1,0100 9, S Il 09 ea 86 oo o 'Y
ér,=2, 103, ce,?5%¢ =] ,B0RA3 81, 8 5 85 P o= 91 W 'T)
80,2, 109, 08,1730 -], 0087 e, s 2 W t 78 e & )
AR, e2, 106, t0,1700 e1,05¢3 a7, 3 14 88 N ¢ we oo 9¢
P,o3, 107, 60,7007 «1,1600 sa, $ 7 87 8 1% ew 4y 73

- 559 -



SAvPLE
NUrBER

6P, e2,
6,2,
60,0,

6’.‘?.

LAY

3, 2083
g, 280
Y 1083
63, M767
LA AT
b 2083
83,267
64,0033
63,2914
€a,1372
63,1442
62,0486
§0,a038
83,7723
6, "459
6, FanS
63,0035
63,0060
69. RO LY
62,0928
63,2972
62,0958
€2,2504
€a, ac2d
0d, 2008
63,9533
€2,1802
6R,2197
60 2048
64,2648
62,3792
62,447}
69,4331
€3,4365
£2,6033
69,6476
62,7292
62,7885
62,7949
80,7977
83,7214
60,7182
60 8303
an 6200
€3,37%¢
62,3503
69,5283
€2, 5042
63,4037
63,4167
67,4388
68,4407
A0, €522
€0, 0640
63,4480
wd 49E7
62,5583
ep, 3950
62,5312
66,6133
er Spa2
$3,7%e4
62,2900
63,2542
88,330¢
63,3987
69,4742
82,4567
3, 3006
68,7102
63,7924
64,3837
66 3637
60,5370
63,0034

DEPTH  SED

]

560

YPE

(5]

“w
T O

x

©

3.

(2]
DDAV LLABDAA BRI AL L

[ .3
T o
o

LT 2%

I T3 X% xCC
4G 3

18

1
4

R o O M- A

WU Rt UL TEN DY~ =T R~ DO =N ZBINN

“

e TANALMZUDET

82
3]
56
93
94
(2 )
99
78
o8
73
22
L]

u-nnz-—z-—-—zz-—nn—-uzzz'o::-—u-zzztz»s.ozz:aut:nuu:

~ N
oD

B Ftscresosmoninm PP T

o A o o

oe
7
o
-
L1
(1]
96
a3
e
98
.o
.o
.o
ve
[
[
ve
[T
-
..
oe
on
e
.o
oo
oe
o
o
oo
L 2 4
we
on
oe

CC xCC

35
39
oe

"

APP
XCC
TO0TAL
4@
Y4
ne
hL]
o
87
(.34
96
4
76
1 1]
90
(]
44
e«



APPENDIX 10

Carbonate petrography of selected samples from the
SCS study-area.



Petrographic Data

Explanation:

No. is the IGS sample number
NB.1 Samples are grab samples unless otherwise stated(V=vibrocore)

Ba is the % (volume) barnacle debris 1n the carbonate fraction
Bi is the % bivalve " "o " "
E is me % " eChan].d [1] n " ” "
G is t}le % " gastromi ” " 1] ” 1]
S is t‘h.e % " Sergllid n " ” " n
Br is t])e % ” bryozwn " ” ”" (1} "
C is tl.le % ” calcarwus alga " " ” n
F is the % " foraminifera von " "
D is the % ” DitrlJ.E § " 1" " [1]

NB.2 Where these add up to less than 98% then some other (minor)
carbonate constituent is present

Uk is the %(volume) of unknown (unrecognisable) carbonate in the
whole sample

NC is the %(volume) of non-carbonate(lithic) material in the
whole sample

gs is the(average)v1sual grain size of the carbonate fraction

SO is the sorting "o " "

rd is the " " roundness " " " "

pl iS the (] " mliSh " " " ]

st is the " " Staining " " " "

m is tl.le " ” mring (1] 1] ”n "

NB.3 See pp.8/-36 and Table 2 for further explasnation of textural
parameters and scales used

NB.4 The data is mostly grouped under districts associated with

carbonate deposits. For details of exact locations,water depths,PsSa
and carbonate analyses, see Appendix 9.

- 561 -



Gulf of Corryvreckan

No. BaBi E G §Br

SH38 1468 1 3 3 9

Passage of Tiree district

SH1 3849 3 4 2 3
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SH258 43 40 2 S5 1 S5
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SH347 26 34 6 417 6
SH348 27 39 6 15 11 2
SH352 3032 3 1 0 24
SH353 47 29 3 6 10 O
SH435 47 22 4 6 7 10
Hawes Bank district

SH250 44 23 5 4 16 4
SH391 1354 030 0 O
SH413 2758 2 2 3 3
SH417 8 30 5 6 44 4
SH563 2753 v+ 1 9 S
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SH357 S22 42 0 4 0 O
SH366 3253 5 1+ 0 2
SH367 943 328 0 2
SH422 1162 2 4 1 5
SH424 42 30 3 8 8 2
SH432 2550 8 4 3 ¢4
Rubha Nan Clach

SH11 52 18 4 7 7 4§
SH12 48 23 4 6 12 3
SH13 25 42 8 4 0 15
SH14 55 24 4 9 4 3
SH1S 3548 5 1 1 2
SH16 2554 7 1 0 10
An Ceanich district

M270 25 35 5 71 2 1
SH7 42 17 8 8 18 6
SH8 41 23 3 7 7 14
SH9 49 22 5 4 9 6
SH10 6 50 228 1 11
SH552 3939 7 5 5 5
SH553 31 42 9 3 8 ¢4
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3 2
4
4 1
4
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3 1
3 1
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3t
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2 2
4
4
4 2
4 1
4 1
3t
3
3
3 1
kY S
4
3 1
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2 2
3
2 2
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3
4 2
4 1
3
3
2 2
2 2
4
4 1
3 1
kT
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3i 1
4 1

rd pl st bo
33 2
31 3 2
2 1 3 2
111 2 3
it 2 0
303 2
3 03 4 3
303 3 2
2 1 3 3
2 1 4 3
31 1 2 3
2 1 3 4
2 1 2 2
zi 1 2 2
3 1 3 2
2 1 3 2
2 1 31 0
31 4 4 O
5¢ 4 1 0
4; 4 4
2 3 2 0
4 4 3 O
4 1 2 3
3 3 1
54 4 4 1
3 J 3 1
3 01 2 1
1 1 2 3
3 3 21
2 3 0 0
1 13 1
2 3 3 1
1 3 2

3 1 3 1
1 1 4 1
1 3 01 2
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4 3 2 0
2 3 3 1
3 03 11
31 2 2
14 1+ 0 o
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2 1 0 O
11 3 1
301 1 ¢4
28 3 1
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Stanton Banks district

No. BaBi E G SBr C F Uk NC gs so rd pl st bo
SH717 532 7 83113 0 3 5 19 4 244 3 4 2
SH745 1054 5 221 3 0 4 7 47 3 01 4 3 2 1
SH757 233 2 34115 0 1 9 15 4 1 4 3 2 2
Barra Head district

SH128 529 7 6 3 5 0 41 3 80 - - - - - -
SH131 16 37 5 6 3 18 10 6 16 17 301 2 3 1 2
SH178 466 1 1 3 6 0 9 12 52 3 1% 1t 1 3
SH193 1355 5 2 0 5 5 12 7 43 28 114 1 1
SH305 2239 4 5 517 0 8 17 7 3 1 5 4 t 0
SH306 939 3 1 238 0 7 13 1 3 134 3 1 0
SH307 458 6 5 114 0 9 3 74 - - - = - -
SH308 264 0 2 515 0 11 11 26 2 21 30 0
SH328 2170 4 1 2 2 0 1 21 46 3 1 1 1 2
SH593 3332 S 3 216 0 8 27 12 34 334 4 0 0
SH645 1920 8 10 16 19 6 1 17 2 4 1 4 4 0 1
SH653 1924 3 836 5 0 4 13 50 4 1 5 3 3 2
SH654 861 6 3 310 5 5 11 45 34 134 3 3 2
SH826 16 20 1 11 37 410 0 25 19 4 2 5 4 3 0
SHB44 436 4 5 537 0 8 15 11 3 114 3 0 o
SHB45 1060 4 1 115 010 31 13 14 3 3 4 2 0
SHB846 728 1 2 253 0 € 18 1 2 2 3 3 1 0
SH848 338 4 7 037 110 10 31 2y 224 3 o0 o
West Hebridean Platform

sC12 1052 6 6 318 2 0 11 34 3 134 4 ¢4 o0
SC30 S 3111 91822 0 4 6 40 4 1 5 1 1 o0
sC32 33417 91717 0 2 6 61 4 144 3 2 1
SC46 22 26 13 1221 6 0 0 7 22 4 25§ 4 0 o
SC47 23 23 12 14 19 9 0 1 8 9 4 13¢ 4 1 0
SC50 12 23 11 11 3210 0 0O 11 10 3 144 ¢ 0 0
SC51 419 9 11 3417 5 o 3 2 4 2384 1 1 4
SC56 6 3521 810 18 0 6 S 3 01 3 3 2 o0
Butt of Lewis district

sc38 743 4 81524 0 O 12 13 3 1 4 4 0 O
sCS59 34618 6 716 0 3 11 33 1. 314 3 4 0
SC60 548 8 12 318 0 4 9 20 24 2 3 3 3 o
SC61 1552 9 6 710 0 1 4 32 3 1 3 3 3 o
SC64 571 6 5 111 0 1 13 38 14 3 3! 4 3 o
SC65 962 6 9 3 9 0 1 11 26 3 238 4 3 0
SC66 375 4 6 2 9 0 1 14 28 1t 3 4 4 3 0
SC72 1252 8 9 6 9 0 4 4 35 3 234 3 4 o
sC73 1557 7 4 5 8 0 2 3 51 31 3 3 4 0
sC76 15 6 7 023 0 5 12 30 3 21 3 0 0
sC77 539 2 8 337 0 7 9 29 2 21 3 0 0
SC78 153912 7 914 0 3 5 9 Il 24 4 2 0
SC79 1723 6 8 1128 3 2 311 34 134 3 0 o
SC80 452 7 7 419 0 8 8 24 24 224 4 0 o
NS176 546 3 0 032 0 14 6 32 2 2 2 0 0 o
NS187 1074 1 2 3 5 0 6 13 22 24 228 3 2 o
NS189 1356 3 1 3 8 0 16 10 57 38 1 4 4 2
NS211 1575 0 0 0 7 0 3 17 49 2¢ 234 4 3 o
NS297 550 6 2 318 0 15 18 23 1 314 3 0 o
NS301 451 7 0 022 0 14 11 13 1t 32¢ 3 0 1
Hebridean Slope

SH783 137 9 4 119 0 6 22D 2 28 4 2 3 3 1t 3
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Hebrides, miscellaneous
No. BaBi E G S
M297 19 85 9 v 7
M316 11 60 8 3 3
NS209 530 6 0 1
SH21 3843 4 1 O
SH89 23 50 4 3 1
SHI96 1174 7 7 0
SH121 39 42 3 2 1
SH158 2156 5 0 0
SH238 58 27 3 3 3
SH238V 41 44 3 7 2
SH239 54 25 3 9 2
SH287 39 43 3 5 5
SH288 65 22 3 7 1
SH34S 662 3 t 1
SH404 0S6 6 015
SH420 1569 5 3 3
SH450 5529 3 7 3
SH485 554 0 6 6
SH502 40 41 4 8 O
SH536 977 0 1 1
SH585 969 1 3 7
SH735 850 8 1 1
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cape Wrath district

No. BaBi E G
M285 3 65 3 2
NS¢ 14 53 5 S
NS46 9 62 3 4
NS47 35 36 4 6
NS49 10 49 14 3
NS50 20 24 7 3
NS154 5 59 12 4
NS155 18 54 4 ¢4
NS195 1219 2 5
N§220 78 5 0
N§222 29 29 8 S
NS§237 19 58 13 0
NS293 1162 5 0

Nun Bank district

NU1 24 36 10 5
NU2 17 25 10 7
NUS 14 34 10 S
NU6 1785 7 2
NU7 13 21 15 11
NU10 432 a s
NU11 35216 2
NU12 157 13 1
NU13 10 37 15 3
NU14 739 7 3
NU1S 840 6 4
NU16 8 33 13 1
NU17 462 12 1
NU18 048 16 3
NU19 254 8 2
NU20 231 8 4
NU21 233 7 1
NU23 12 32 10 3
NU24 537 5 3
NU26 12 47 6 3
NU27 9 35 12 2
NU28 26314 1
NU29 152 14 2
NS244 2752 5 1
NS252 17 56 4 2

solan Bank district

NS81 743 8 8
NS82 4 36 8 10
NS84 6 42 11 5
NS86 232 5 3
Northern Slope

NS§72 022 4 1
NS109 2 44 13 1
NS115 336 7 3
NS117 340 10 4
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Northern Shelf, general
No. BaBi E G §
NS16 057 5 5 ©
NS32 24 67 2 1 1
NSS56 333 4 3 30
NS57 336 9 4 19
NS69 1583 4 0 O
NS90 343 5 0 2
NS91 146 10 2 2
NS93 0 4110 8 O
NS94 517 2 2 1
NS95 0 44 14 7 1
NS238 472 3 0 O
NS245 14 42 2 7 25
NS257 34 41 7 4 3

Fair Isle Channel
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East Orkne
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