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Figure 18 Mean sea salinities ('). 
after Lee and Ramster 1981 
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are also shown. 
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Figure 21 

figure 22 

Typical Inner Hebridean carbonate, rich in bivalve and 
barnacle debris. Rubha Nan Clach deposit (see Fig. 32a ) . 

Typical West Hebridean Plalrorm carbonate (see Fig .44), 
containing bivalve, barnacle, echinoid, gastropod 
serpulid and bryozoan debris. 
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Figure 23 Typical Orkney sandbank carbonate containing well 
rounded, polished debris, mainly bivalve, barnacle 
and serpulid. North Ronaldsay north bank, North Orkney 
deposit (see Fig. 52a). 

Figure 24 Typical West Shetland carbonate (see Fig. 83a), rich in 
bivalve, barnacle, and serpulid debris along with 
echinoid and bryozoan material. 
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Figure 25 Gulf of Corryvreckan Deposit 
Location and Physical Conditions 
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Figure 26 

Figure 27 

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). 

Sparker line across Gulf of Corryvreckan deposit 
(see Fig. 25a), showing rockhead geneFclily 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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Location and Physical Conditions 
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Figure 35 
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Carbonate content of Inner Hebridean Sediments including beaches 
(See Table 1 for beach references) 
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Figure 36 "Average" biogenic composition of carbonates 
over different regions 
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SE 

Figure 38 

1000m NW 

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 

Figure 40 

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. 

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 

,00_ 

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. 

NE 



NW 

Figure 43 

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 
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Carbonate content of southern West Hebridean Shelf sediments, 
including beaches (SeeTable 1 for beach references) 
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Figure 47 
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Carbonate content of northern West Hebridean Shelf sediments. 
including beaches (SeeTable 1 for beach references) 
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. 

Echosounder profile across Cape Wrath deposit 
showing sandbanks and large sandwaves indicating 
sediment thicknesses of up to 30m. 

- 339 -



(a) ,. 
80-

40-

-

:=1 I 

,. 
80-

40-

20-

o 

Sa BI 

(c) 

I I 

Cape Wrath 

I I I • I 
E G S Br C F 

Solan Bank 

I I 

(b) Nun Bank 
% 

80-

40-

I 20-

0 
- I I I I 

Sa BI E G S Br C F 

(d) Fair Isle Channel 
% 

80-

BaBlEGSBrCF Ba BI E G S Br C F 

Sa • BarnacIeI; BI • Bivalves; E • Echinoid.; G • Gaatropoc:t. 
S • SerpuIIda; Br • Bryozoa; C • CaIcareoua Algae; F • Foraminifera 

Figure 50 Biogenic composition of Northern Shelf carbonates 
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Figure 53 Side-scan sonar record across the rocky ridge at ~ 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 

SW 'DO", 

. ....". ~I!==== .... - ... NE 

sw • 00 .. 

Side scan sonar record across the rocky ridge at the western' limit 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 

Figure 56 

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. 

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 57 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 ~. 191-198 
& Appendix 3, Table 47. Field of view approx. 1m. 
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Figure 58 

1000," 

NW 

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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Carbonate content of Northern Shelf and Orkney sediments, including beaches (See Table 1 for beach references) 
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Figure 60 

SAND & 
GRAVEL 

Sediment distribution and sandbank 
shapes around N. Ronaldsay mapped 

from sidescan sonar acquired during 
Spring 1974. 
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Sedimef't distribution. sandbank 
shapes and bedforms around 
N.RonaldsaY,mapped from sidescan 
sonar acquired during July 1977. 
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Figure 62 

1000". SE 

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 

w 

Figure 64 

... ... 

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. 

'OOOm 
E 

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 
~rficial sediment to be at least 20m (Spring 1974). 
See also Figs. 60 & 61. 
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Figure 65 Biogenic composition of Orkney and 
Moray Firth carbonates 
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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. 



NE 

Figure 67 

sw 

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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Figure 68 

Figure 69 

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. 

NW 1000m 
SE 

-~.- ....... - --- .............. - .-.- :-....-.- •.. 

. .. 
~i'i:~~~rf~ln . :S; :· ;:. :::.~. ;;. <~~, ~ : ;~1~rf~:' , 

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 ~~ 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. 
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Figure 74 Bathymetry of Sandy Riddle based on 
survey from RRS John Murray July 1977 
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Figure 76 

sw 

1000m 

Pinger profile across the carbonate sandbank, Sandy 
Riddle. Line A (see Fig 75).Sandwaves 10 m high have 
steep sides facing east. 

1000. NE 

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 

sw 
; 

Figure 81 

Underwater photograph of a carbonate megaripple on the 
south-west flank of the sandbank, Sandy Riddle. The 
feature has a relief of 30-S0cm. Note the reworked lip 
on its crest(picture taken just after 'slack' tide. 
Water depth approx. SOm. 

6 NE 

------- ------- ----- ,-----------

__ "'Rr.F SAND WAVE §()Qm 

Sparker line through the carbonate sandbank, Sandy 
Riddle, showing that the feature consists entirely 
of superficial sediment approx. 30m thick at this 
location (see Fig S2c & Fig. 75). 
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Petrographic variation along the length of the 
carbonate sandbank Sandy Riddle 

- 369 -

N 

+ 



LOCATION AND BATHYMETRY 
Contour values in metres below mean sea level. 

Area of Carbonate deposit 
, (> 75% CaC03) 

Figure 83 West Shetland Northeast Shetland 
Shetland-Out Skerries 
Yell Sound Deposits 
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Figure 84 West Shetland - Northeast Shetland 
Shetland-Out Skerries 

Scale 1: 1,000,000 

Yell Sound Deposits 
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Figure 85 Con sub 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 ~ cn£t~. 
FI.·efd.. ,rJ- V(~(J "'P/rtl"".. )"Oc.,., . 

Figure 86 Con sub photograph taken in St Magnus Bay, West Shetland 
deposit (see Fig . 84) . Water depth 108m. Besides serpulid 
encrustations, barnacles are fairly common . 

F idJ.. ~ (ruv ILl' frt>'7IC. 30 C-I'l. 
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Figure 87 

Figure 88 

Con sub photograph taken in St . Magnus Bay, West Shetland 
deposit (see Fig . 84 ) . Water depth 100m. Encrusted with 
serpulids and heavily populated by echino i ds , ophiuroids 
and asteroids . h erd cr VLl!t.r O-Pf r o?C. 70~, 

Con sub photograph of larg accumulation of shell gravel, 
in St Magnus Ba y at 100m . Debri s is ver y discol oured and 
may be r elict from times of lower s eal eve l . Probably 
comprises mainly MOdiolu and Glycymeri s . 

f i.. ... td. , ,f- v~ur o/frr>-:C. 70 U"t. (j-()r~.9 ~/I&i) . 
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Figure 89 

aoo .. s 

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 (7 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 Consubphotograph of carbonate megaripples east of 
Foula . See above . 
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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 eastof Foula, 
West Shetland deposit (see Figs 83 & 84) . Water 
depth 38m . 
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Figure 94 Biogenic composition of Shetland carbonates 
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Side-scan sonar record across Shetland - Out skerries deposit, east of 
Whalsey, showing linear sand/ gravel patches developed between rock outcrops. 



Fi gure 97 Cons ub photograph of t he seabed west of Helli Ness , 
Shetl and - Out Skerries depos it (see Figs 83 & 84) . 
The carbonate gravel is spr ead t hi nly over a obbly base . 
Nume r ous whole valves are al so visible . Note t he f r agment 
of the branching coral Lophelia ( Lop r i ght) . Water 
depth 96m. 
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Figure 99 Salta Sound carbonates 

• 

Figure 100 St Ninians Isle carbonates 
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• 500cm/sec · 150 cm/ sec. 

MAIN (South) CHANNEL 

Schematic illustration in variation of surface and near-seabed 
tidal current velocities from channel to sandbank, Sandy Riddle 
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14C (haIf-li'. 5570 yrs) 

= flIP. theoretical ave. age 

lor perlecUy mixed bulk samples 

with Infinite age-spread (0-. years). 

14 
Decay curve for C isotope, indicatins the averase 
radiometric ages of perfectly aixed bulk s~ples 
of aediaent accu.ulatlng o~er certain periods. 
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Figure 145 

Figure 146 

Subsample from 58-03/2 ( East Orkne4 deposit ) : heavily 
bored bivalve fragments. Yielded a 1 C age of 4570 yrs BP. 

Subsample from 53-03/2 (East Orkney deposit): rounded 
bivalve fragments . Yielded a 14C age of 4410 yrs. BP. 
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Figure 147 

Figure 148 

Subsample from 58-03/2 (East Orkney deposit) : angular 
bivalve fragments . Yielded a 14C age of 3780 yrs BP . 
NB . The echinoid fragment is a contaminant which was 
removed prIor to datIng . 

Subsample from 58- 03/2 (East Orkney deposit) : unbored 
relaLively unabraded barnacle fragments . Yielded a 
14C age of 3290 yrs BP . 
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Figure 149 See below . 

Figure 150 (&149) Subsample from 58-03/2 (East Orkney deposit): 
hea ily stained and/or abraded barnacle fragments. 
Yielded a 14C age of 3270 yrs SP . 
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Figure 151 Subsample of 58-03/2 (East Orkney deposit ) ; serpulid 
fragments . Yielded a 14C age of 4060 yrs BP. 
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(d) Platform - rock pavement carbonates 

Figure 152A. Types of carbonate deposit on the SCS 
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Figure 153A Hypothetical future of temperate carbonates on the S C S with varying sea level 
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Fair Isle/East Orkney platform flank 
platform -- deeper shelf/basin 
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(a) Present 
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carbonate sandwal/e 
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-------------
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(N.Sea) basin 

slow subsidence and 
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(c) After several millions of years. Increased sea-level 

Figure 154 Hypothetical future of platform flank carbonates 
(e.g. East Orkney/No Sea basin) 
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TABLES 



Area 

I 

jSutherland 

ICaithness 
I 

ILewis and Harris 

I 

Barra and Uist 

West Inverness-shire & N. Argyll 

Wester Ross 

Mainland Argyll 

Orkney 

iShet1and 
I 

i Islay, Jura and Colonsay 

Northern Inner Hebrides 

Reference 

Ritchie & Mather 1969 

Mather 1970 

Ritchie & Mather 1970 

Ritchie 1971 

Mather & Crofts 1972 

Crofts & Mather 1972 

Crofts & Ritchie 1973 

Mather et a 1. 1974 

Mather & Smith 1974 

Ritchie & Crofts 1974 

Mather et al. 1975 

TABLE 1. Main sources of beach data 
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TEXTURAL SCALES 

Grain size (GftSz) 

Dia(mn) 

.0625- .125 

.125 - .25 

.25 - 1 
1 - 2 

2+ 

ROUNDNESS (Round) 

Description 

Very fi ne sand 
Fine sand 
Medium sand 
Coarse sand 
Gravel 

Description Numerical Value 

very angular 1 
angular 2 

subangu1ar 3 

sub rounded 4 

rounded 5 
well rounded 6 

POLISH {Pol} 
Description Numerical Value 

No polish 0 
Little polish 1 
Some polish 2 
Mod polish 3 
We 11 po li shed 4 

STAINING (Stain) 

Description Numerical Value 

No staining a 
Little staining 1 
Some staining 2 
Moderate staining 3 
Heavily stained 4 

Numerical Value 

1 

2 

3 

4 

5 

, DEGREE OF BORING (Bor) 

Description Numerical Value 

No borings 0 
Little boring 1 
Some boring 2 
Moderate boring 3 
Heavi ly bored 4 

SORTING (Sort) 
Description Numerical Value 

Poorly sorted 1 
Moderately sorted 2 
Well sorted 3 

MATURITY INDEX {M, See p.35 
Description Numeri ca 1 Value 
Extremely high >13 

Very high 12-13 
High 11-12 

Moderate 10-11 
Low 9-10 
Very low 8-9 
Extremely low <8 

TABLE 2. SUl1111ary of scales used for describing textural 
characteristics of bioclastic carbonate grains. 
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Compos iti on 

Barn Biv Ech Gast Serp Bry C. A1g Foram 

lona Spit % 42 27 11 7 3 5 0 1 

Hebridean 
Slope 

Northern 
Slope 

lona Spit 
Hebridean 
Slope 

Northern 
Slope 

% 1 37 9 4 1 19 0 6 

% 2 42 7 3 6 12 0 7 

Texture 

Grv Sand Mud GnSz Sort Rnd Pol Stain Bor -----
2% 95% 3% 3.5 1.0 4.0 3.0 4.0 0 

6% 94% N 4 2.0 3.0 3.0 1.0 0.8 

8% 92% N 3.1 1.9 3.0 2. 1 1.6 1.1 

TABLE 3. Petrographic averages of some areas of 
carbonate-rich (50-75% CaC03) sediment, 
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Ditrupa 

22 

18 

M 
11.25 

11.96 

9.6 
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'" S lAME Of DEPOSIT u 

1 Gulf of Cor,."vrecbn 
2 'null" of Tlrte 
3 "-,.s Bank 
4 Sound af [''leo 
5 SlIgoclll. - lpa)' , .......... Cloch 
7 SIIllnt 
8 South.ast Shlant Sa .... nk 
9 Sound of I ..... 

10 Sta.ton Banks 
II Birr. He.cI 
12 West Nebrlde .. Plltfo .. 
U lutt of Lewis 
14 . tape IIrath 
15 I .. Bank 
16 Solin I .. k 
17 Fllr lsi. a.._l 
I. fltr III. S ......... FI.ld 

I 
19 IIortll 0 ...... )' 
ZO IIorth RonlldSl), - IIorth BalIk 

e~ 
21 East on"'f 
22 IIortll IIonI IIsI)' - [1St Bank 
21 on ... )' Sounds 
24 Bau of Linton 
25 Dowl. Sa"" 
Z6 ,,"t Ptntbnd f'rtII 
27 Sandy Rlddl. 
Z8 IIorl), flrtll 
29 !lest ShaUlnd 
3D foul I 
11 IIortheast Shatl_ 
l2 Shetllnd -Out Sk.rrl.s 
33 '.11 50uIId 

IlEGIOIIAI. An .. S 

I_r HeIIrldes (.aclud. CO) 
HeIIrlde .. Shalf 
IIorthern Shalf 
Orkne), til) 
Orkne)' E-S) & !Iorl)' firth 
Sllet hnd (I/IE) 
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j~ .. .. .. 
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~ ~ 
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on on :;: :s :;: on 
~ 

... ... ... ... on on on on . A . A . . . · . · · . . . . .... .... '; '; ';;' '; ';;' .... .... .... ';;' . . . . 
CO 150 14 68 1 ) ) 1 1 0 IS 65 35 N 4.5 Z.O ).0 3.0 2.0 1.0 
n 
Ie 
sr 
IIA .. 
5' 
IS 

'" SI .. ... 
IL 
Of • • OS 
fI 
10 • [0 
IlE 
50 
LT 
15 
N 
SI 
AI 
IS 
fO 
ST 
$I( 
55 

SI " 45 3D 29 44 4 4 6 4 7 3 , 10 2 4 3 2 91 54 3D 15 67 69 ) 16 3.' 3.2 1.0 1.3 3.Z 2.) 2.5 1.0 2.9 2.6 1.8 
SI 57 41 19 2J 47 4 2 4 10 22 14 2 4 1 1 1 3 83 46 15 34 85 65 • I 3.8 3.3 1.5 1.2 5.0 3.6 4.0 2.8 4.0 2.2 1.0 
21 4l 43 34 l2 42 3 4 , I , 3 Z 3 6 1 1 3 to 41 31 24 64 63 5 12 3.5 3.2 1.0 1.2 3.0 2.3 2.0 2.1 3.0 1.9 1.0 
l' 16 
50 55 51 34 24 41 4 , . 3 • 2 3 • I I I 5 IS 31 21 H 78 58 2 2 3.8 2.8 1.0 1.8 Z.5 2.0 1.0 2.0 2.0 0.5 2.0 
50 86 
3D 80 
I 77 1Z 3 • • I N 

131 138 4 10 lJ 50 5 5 , 2 36 21 14 9 0 0 2 Z • 73 , 1 91 95 0 4 4.0 3.5 1.5 1.0 4.3 4.0 3.0 3.0 3.0 2.0 2.0 
10 102 IS 10 34 50 4 4 5 4 , 6 25 12 2 2 6 " to ~ 1 11 92 76 1 13 l.O 3.0 1.8 1.3 3.6 2.3 3.6 2.3 0.9 1.3 0.2 

'" 51 13 , 25 39 13 10 1 8 Z) IJ 12 " I 1 II 20 .1 39 25 36 75 64 0 0 ).7 3.7 1.4 1.0 4.0 4.3 3.2 2.7 0.8 2.3 0.8 
64 65 10 • 41 SI 7 6 1 5 • 3 21 15 0 0 5 6 .7 'I , 3 94 " II • 2.9 2.4 I.' 2.1 3.5 2.5 3.6 3.5 1.0 2.1 0.2 
10 10 27 11 40 53 5 7 5 14 9 10 1 • 1 2 6 7 16 43 15 It 85 81 I II 3.1 3.6 1.3 1.4 3.1 3.8 2.7 2.7 1.7 1.9 0.7 
70 75 U 7 34 4S 10 10 4 3 I' 15 17 12 0 0 5 • 84 .7 15 11 84 89 0 0 3.9 3.7 1.6 1.2 3.9 3.6 2.9 2.6 0.4 1.2 0.0 
78 115 , 2 40 l2 , 5 • 3 16 o 17 12 0 0 2 2 7. 63 5 19 95 81 0 o 4.2 3.5 2.3 1.0 4.5 2.5 3.3 1.0 0.7 4.0 1.3 

100 , 34 9 5 14 Z6 0 0 5 84 21 79 0 3.' 1.3 3.4 2.3 0.8 0.5 
100 84 
48 Zl 43 5 6 IJ 6 0 1 95 25 75 0 3.' 1.1 5.1 3.8 1.8 1.4 
4' Z4 37 2 4 29 3 0 0 " l2 68 0 4.0 1.0 5.3 4.0 2.3 1.3 
'1 " 51 4 2 4 " 0 7 • 9 91 0.1 2.1 1.6 2.7 2.7 2.3 1.0 
40 95 
ZO 1. 60 5 2 6 3 4 I IS 31 2 69 98 0 4.0 1.3 4.5 2.7 1.3 1.7 • l4 47 5 2 6 2 2 I 96 3 97 a 4.0 2.0 5.0 4.0 3.0 1.0 
l' 85 
71 17 ZI 23 44 3' 4 3 6 5 • 7 7 21 0 0 3 3 84 " 1. 10 82 90 II • 3.7 2.5 1.2 1.0 3.' 2.0 3.4 4.0 2.8 0.0 1.0 
51 78 31 22 l2 29 3 3 5 2 11 21 10 14 0 a I 0 M 67 34 40 6660 a o 3.9 3.4 1.1 2.3 4.3 3.1 3.9 3.0 2.4 2.3 0.4 
10 61 l' 21 44 16 6 , 2 4 5 4 16 5 0 0 8 13 16 60 12 11 8888 

• 1.0 
3.3 3.0 1.0 1.0 3.0 2.0 2.6 1.0 1.4 2.5 1.8 

'1 .. , , 41 44 • 12 3 3 I. 12 • a 0 0 7 14 84 47 24 16 76 84 • • 3.1 3.2 1.3 1.3 3.6 2.8 1.8 2.1 2.4 1.8 2.6 
40 85 

100 85 
64 4Z 11 13 46 54 12 7 4 5 14 4 , 3 0 a 7 14 IS 69 15 15 IS 81 • 4 3.' 3.0 1.3 1.3 3.4 2.9 2.1 2.3 2.4 1.5 2.1 
74 73 5 5 5t 53 13 15 1 3 11 5 5 10 0 0 5 10 .7 57 14 7 86 92 II 1 3.5 3.3 1.0 1.3 2.7 2.1 1.3 2.0 1.6 1.5 3.3 

47 4Z 45 29 27 44 4 4 6 6 11 6 3 , 3 2 I 3 16 45 24 21 n 64 3 6 3.7 3.1 1.1 1.4 3.4 2.6 2.4 2.0 3.0 1.8 1.5 
13 " 11 , lJ 49 1 , 7 5 19 11 I. 14 I 1 3 10 • 54 12 13 88 83 0 4 3.4 3.1 1.6 1.4 3.' 3.3 3.4 2.1 1.4 1.9 0.8 
80 17 13 7 37 4l • 7 , 7 14 I 11 11 0 0 5 , 13 51 14 1& 86 84 a o 4.0 3.6 .. , 1.2 3.9 3.3 2.8 2.1 0.9 2.4 0.6 
4' Z6 40 3 5 21 4 0 1 17 29 71 0 4.0 1.1 5.1 3.9 2.0 1.4 
'3 14 2522 4l l5 5 4 4 4 1 II \2 II 0 0 5 5 88 64 21 l' 80 84 • • 3.4 3.0 1.4 1.4 3.5 Z.4 3.3 2.7 2.2 1.6 1.1 
82 67 10 10 45 51 10 9 4 4 16 I • 5 0 0 7 II 85 SI, II II 82 86 • I 3.7 1.2 1.3 1.4 3.2 3.2 1.9 2.4 2.4 1.6 2.3 

- -~ 

Table 4. Summary of petrographic data for carbonate deposits (> 75% CaC03) and surrounding 
sediments «75% CaC03). 

NB. Figures quoted are normally I averages I frOfi1. several samples. However they are not 
statistically rigorous (see pp. 31-32). 
N me~ns < 1% 

~TURITl 
INDEX ,-) 

.. .. .. ... ... ... .... ... '; . . 
9.75 

Z.O 10.75 t.6O 
1.0 14.10 10.25 
1.2 9.75 8.45 

0.5 8.60 6.90 

1.0 12.80 10.25 
1.5 9.09 7.75 
0.3 9.30 9.to 
0.1 9.)5 9.85 
1.1 9.35 10.25 
0.9 7.to 8.85 
4.0 10.85 12.75 

7.70 

11.85 
12.40 
10.05 

I 

10.65 
13.50 

0.0 11.25 6.25 
0.8 1l.4O 10.65 
4.0 9.35 11.00 
2.1 1l.40 9.ts 

2.0 10.85 9.85 
2.3 9.20 9.00 

1.2 10.80 8.80 
0.7 10.14 9.44 
2.0 8.95 10.62 

12.13 
1.6 10.51 9.30 
2.3 10.62 10.60 



RANK 

1 
2 
3 
4 
5 
6 
7 
8= 
8= 

10 

11 

~ 
12 
13 ~ co 

14 
15 
16= 
16= 
18 
19 
20 
21= 
21= 
23 
24 

DEPOSIT % BARNACLES ENVIRONMENT 

Rubha Nan Clach 51 Atlantic influenced tidal coastal platform 
Passage of Tiree 45 Atlantic influenced tidal passage, platform 
Sound of E; gg 43 Tidal Channel - some Atlantic influence 
Hawes Bank 41 Atlantic dominated coastal shoal 
Sandy Riddle 37 Tidal coastal sandbank, N. Sea influenced 
Baas of Unton 34 Tidal coastal sandbank, N. Sea influenced 
West Pentland Firth 28 Tidal passage, Atlantic dominated 
Cape Wrath 27 Atlantic influenced tidal coastal shelf 
North Orkney 27 Atlantic dominated tidal coastal platform 
N. Ronaldsay North Bank 24 Tidal, coastal sandbank, Atlantic & N. Sea 

influenced 
Moray Firth 19 North Sea dominated, tidal, coastal shelf 
Orkney Sounds 18 Tidal channels - some N. Sea influence 
East Orkney 16 North Sea dominated, tidal coastal platform 

& shel f 
Barra Head 15 Atlantic dominated tidal platform 
Gulf of Corryyreckan 14 Deep tidal channel 
West Hebridean Platform 13 Atlantic dominated platform 
Nun Bank 13 Atlantic dominated shoal 
Shetland-Out Skerries 11 N. Sea & NE Atlantic dominated platform 
Butt of Lewi s 10 Atlantic dominated tidal platform 
West Shetland 9 Atlantic dominated platform 
Solan Bank 6 Atlantic dominated offshore shoal 
Fair Isle Channel 6 Atlantic dominated offshore tidal platform 
Yell Sound 5 Tidal channe1-NE Atlantic & N. Sea influenced 
Stanton Banks 4 Atlantic dominated offshore shoal 

TABLE 5. Carbonate deposits and their environments ranked by 
barnacle content. 

MAIN 
INFLUENCE 

COASTLINE 
DOMINATED 

t-
u 
I.&J 
lJ.... 
lJ.... 
I.&J 

..J 
~ 
t-
~ 
~ 
0 
u 

OFFSHORE 



I 
I 

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

II 
II 

North Ronal dsay i' 
ii 
Ii 

- north bank 
I 

24 I' North Orkney 27 
, , 

Sandy Riddle I 
37 Ii 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 

Sandy Riddle 2.4 Moray Firth 

North Ronaldsay 
- north bank 2.3 North Orkney 

TABLE 7. Variation in degree of staining between 
carbonate sandbanks and surrounding, or 
nearby carbonate sediment. 
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RANK DEPOSIT % BIVALVES ENVIRONMENT MAIN 
INFLUENCE 

1 Gulf of Corryvreckan 68 Deep tidal channel 
2 Orkney Sounds 60 Tidal channels, some N. Sea influence 
3 Yell Sound 59 Tidal channel, NE Atlantic & ~. Sea influenced 
4 East Orkney 51 N. Sea dominated tidal coastal platform & shelf 
5= Baas of Linton 47 Tidal coastal sandbank, N. Sea influenced 
5= West Shetland 47 Atlantic dominated platform 
7 Shetland-Out Skerries 46 N. Sea & N.E. Atlantic dominated platform 
8= West Pentland Firth 44 Tidal passage, Atlantic dominated 
8= Moray Firth 44 N. Sea dominated tidal coastal shelf 

10 North Orkney 43 Atlantic dominated tidal coastal platform 
11 Butt of Lewis 41 Atlantic dominated tidal platform 
12= Cape Wrath 40 Atlantic influenced tidal coastal shelf 

~ 12= Solan Bank 40 Atlantic dominated offshore shoal 
loU 14 N. Ronaldsay North Bank 37 Tidal coastal sandbank, Atlantic & N. Sea 0 

infl uenced 
15= Nun Bank 34 Atlantic dominated shoal 
15= Fair Isle Channel 34 Atlantic dominated offshore tidal platform 
15= Barra Head 34 Atlantic dominated tidal platform 
18 Stanton Banks 33 Atlantic dominated offshore shoal 
19= Sandy Riddle 32 Tidal coastal sandbank, N. Sea influenced 
19= Sound of Ei99 32 Tidal channel, some Atlantic influence 
21 Passage of Tiree 29 Atlantic influenced tidal passage, platform 
22 West Hebridean Platform 25 Atlantic dominated platform 
23 Rubha Nan Clach 24 Atlantic influenced tidal coastal platform 
24 Hawes Bank 23 Atlantic dominated coastal shoal 

TABLE 8. Carbonate deposits and their environments ranked by 
bivalve content. 



"" w 

RANK DEPOSIT % ECH.INO IDS ENVIRONMENT 

1= West Hebridean Platform 13 
13 
12 
10 

Atlantic dominated platform 
1= Yell Sound 
3 Shetland-Out Skerries 
4 Nun Bank 
5= Solan Bank 
5= Fair Isle Channel 
7 West Shetland 
8 Butt of Lewis 
9 Moray Firth 

10= Stanton Banks 
10= Cape Wrath 
10= North Orkney 
10= Orkney Sounds 
10= Baas of Linton 
15= Passage of Tiree 
15= Hawes Bank 
15= Rubha Nan C1ach 
15= Barra Head 
15= East Orkney 

15= West Pentland Firth 
21= Sound of Eigg 
21= Sandy Riddle 

9 
9 
8 
7 
6 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 

Tidal channel, NE Atlantic & N. Sea influenced 
N. Sea & N.E. Atlantic dominated platform 
Atlantic dominated shoal 
Atlantic dominated offshore shoal 
Atlantic dominated offshore tidal platform 
Atlantic dominated platform 
Atlantic dominated platform 
N. Sea dominated tidal coastal shelf 
Atlantic dominated offshore shoal 
Atlantic influenced tidal coastal shelf 
Atlantic dominated tidal coastal platform 
Tidal channels-some N. Sea influence 
Tidal coastal sandbank, N. Sea influenced 
Atlantic influenced tidal passage, platform 
Atlantic dominated coastal shoal 
Atlantic influenced tidal coastal platform 
Atlantic dominated tidal platform 
N. Sea dominated, tidal, coastal platform 

& shelf 
Tidal passage, Atlantic dominated 
Tidal channel, some Atlantic effect 

23 N. Ronaldsay North Bank 

4 
3 
3 
2 

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

24 Gulf of Corryvreckan 

TABLE 9. 

1 Deep tidal channel 

Carbonate deposits and their environments ranked 
by echinoid content. 

influenced 

MAIN 
INFLUENCE 

OPEN ATLANTI C. 
OFFSHORE. 
NON TIDAL. 

.­
u 
L&J 
lL. 
lL. .-
L&J U 

w 
U lL. 
...... lL. 
.- w z « -.J 
-.J « 
.- CI « ...... .-
L&J 
c:: -.J 
a « 
:E: .-
Vl Vl 
lL. « 
lL. a 
a U 

COASTAL. 
TIDAL. 



RANK 

1 
2= 
2= 
4 
5= 
5= 
5= 
5= 
5= 

10= 
10= 
10= 

~ 10= w 
ru 14= 

14= 
14= 

14= 
18= 
18= 
20= 

20= 
20= 
20= 
24 

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 ,.ssage/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 Ti~al coastal sandbank, N. Sea influenced 
Hawes Bank 4 Atlantic dominated coastal shoal 
Nun Bank 4 Atlantic dominated shoal 
N. Rona1dsay North Bank 4 Tidal, coastal sandbank, Atlantic & N. Sea 

influenced 
Shet1and-0~t 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 



RANK DEPOSIT % SERPULIDS ENVIRONMENT MAIN 
INFLUENCE 

1 Stanton Banks 36 Atlantic dominated offshore shoal ATLANTIC. 
2 N. Ronaldsay North Bank 29 Tidal, coastal sandbank, Atlantic & OFFSHORE. 

N. Sea influenced 
3 West Hebridean Platform 23 Atlantic dominated platform 
4 Hawes Bank 22 Atlantic dominated coastal shoal 
5 West Shetland 18 Atlantic dominated platform 
6= Nun Bank 16 Atlantic dominated shoal 
6= Solan Bank 16 Atlantic dominated offshore shoal 
8= Shetland - Out Skerries 14 N. Sea and NE Atlantic dominated platform r-
8= Fair Isle Channel 14 Atlantic dominated offshore tidal platform u 

L.J 
10 North Orkney 13 Atlantic dominated, tidal coastal platform I..L.. r-

I..L.. u 
11 Sandy Riddle 12 Tidal coastal sandbank, N. Sea influenced w w 

I..L.. 
12 Yell Sound 11 Tidal channel, NE Atlantic & N. Sea u I..L.. 

.e::. ~ w 
w influenced r-
w z: c:C 

13= Barra Head 9 Atlantic dominated tidal platform c:C w 
I ....J V') 

13= Cape Wrath 9 Atlantic influenced tidal coastal shelf r-
c:C . 

15= w. Pentland Firth 8 Tidal passage, Atlantic dominated z: 
Cl 

15= Butt of Lewls 8 Atl~ntic dominated tidal platform z: Cl 
c:C z: 

15= Rubha Nan C1ach 8 Atlanti'c influenced tidal coastal platform c:C 
w 

18 Passage of Ti ree 7 Atlantic influenced tidal passage, platform ~ ....J 
c:C 

19= Sound of Eigg 6 Tidal channel, some Atlantic influence ~ l-
V') 

19= Orkney Sounds 6 Tidal channels, some N. Sea influence t c:C 
0 

19= Baas of Linton 6 Tidal coastal sandbank N. Sea influenced 0 u 

22 Moray Firth 5 North Sea dominated tidal coastal shelf 
23 East Orkney 4 N. Sea dominated, tidal coastal platform 

& shelf N. SEA. 
24 Gulf of Corryvreckan 3 Deep tidal channel COASTAL. 

TABLE 11. Carbonate deposits and their environments ranked 
by serpu1id content. 



RANK DEPOSIT % BRYOZOA ENVIRONMENT MAIN 
INFLUENCE 

1 Fair Isle Channel 26 Atlantic dominated offshore tidal platform "DEEP" • 
2 Barra Head 25 Atlantic dominated tidal platform OFFSHORE 
3 Butt of Lewi s 21 Atlantic dominated tidal platform 
4= Nun Bank 17 Atlantic dominated shoal 
4= Solan Bank 17 Atlantic dominated offshore shoal 
6= Moray Firth 16 N. Sea dominated tidal coastal shelf 
6= East Orkney 16 N. Sea dominated tidal coastal platform & 

shelf 
8 Stanton Banks 14 Atlantic dominated offshore shoal 
9 West Hebridean Platform 12 Atlantic dominated platform 

10 Sandy Riddle 10 Tidal coastal sandbank, N. Sea influenced l-
II Gulf of Corryvreckan 9 Deep tidal channel u 

w 
oJ:>. 12 West Shetland 8 Atlantic dominated platform lL.. 
IN lL.. 
oJ:>. 13= West Pentland Firth 7 Tidal passage, Atlantic dominated w I-

u 
13= Cape Wrath 7 Atlantic influenced tidal coastal shelf w 

::I: lL.. 

15= Passage of Tiree 6 Atlantic influenced tidal passage, platform l- lL.. 
Q.. LLI 

15= North Orkney 6 Atlantic dominated, tidal coastal platform I.a.J 
0 

15= Shetland - Out Skerries 6 N. Sea & NE Atlantic dominated platform ...J 
e:( 

18 Yell Sound 5 Ti4al channel, NE Atlantic & N. Sea influenced ex: I-
LLI (,/) 

19= Rubha Nan C1ach 3 Atlantic influenced tidal coastal platform l- e:( 
c:( 0 

19= N. Ronaldsay North Bank 3 Tidal, coastal sandbank, Atlantic & N. Sea ~ u 

influenced 
19= Orkney Sounds 3 Tidal channels, some N. Sea influence 
22= Hawes Bank 2 Atlantic dominated coastal shoal 
22= Sound of E1gg 2 Tidal channel - some Atlantic influence II SHALLOW" 
22= Baas of Linton 2 Tidal coastal sandbank, N. Sea influenced INSHORE 

TABLE 12. Carbonate deposits and their environments ranked 
by bryozoan content. 



RANK DEPOS IT % FORAMINIFERA ENVIRONMENT 

1 Moray Firth 8 N. Sea dominated tidal coastal shelf 
2= West Shetland 7 Atlantic dominated platform 
2= Shetland - Out Skerries 7 N. Sea & NE Atlantic dominated platform 
2= East Orkney 7 N. Sea dominated, tidal coastal platform & 

shelf 
5= Cape Wrath 6 Atlantic influenced tidal coastal shelf 
5= Barra Head 6 Atlantic dominated tidal platform 
7= Butt of Lewis 5 Atlantic dominated tidal platform 
7= Nun Bank 5 Atlantic dominated shoal 
7= Fair Isle Channel 5 Atlantic dominated offshore tidal platform 
7= Yell Sound 5 Tidal channel, NE Atlantic & N. Sea influenced 

11 = Passage of Tiree 3 Atlantic influenced tidal passage/platform 
oil> 11= West Pentland Firth 3 Tidal passage, Atlantic dominated w 
U1 13= Stanton Banks 2 Atlantic dominated offshore shoal 

13= Solan Bank 2 Atlantic dominated offshore shoal 
15= Hawes Bank 1 Atlantic dominated coastal shoal 
15= Sound of Eigg 1 Tidal channel, some Atlantic influence 
15= Rubha Nan Clach 1 Atlantic influenced tidal coastal platform 
15= North Orkney 1 Atlantic dominated tidal coastal platform 
15= Orkney Sounds 1 Tidal channels, some N. Sea influence 
15= Baas of Linton 1 Tidal coastal sandbank, N. Sea influenced 
15= Sandy Riddle 1 Tidal coastal sandbank, N. Sea influenced 
22= West Hebridean Platform 0 Atlantic dominated platform 
22= Gulf of Corryvreckan 0 Deep tidal channel 
22= N. Ronaldsay North Bank 0 Tidal coastal sandbank, Atlantic & N. Sea 

influenced 

TABLE 13. Carbonate deposits and their environments ranked by 
foraminifera content. 

MAIN 
INFLUENCE 

OPEN SHELF. 
LOWER CURRENTS 

I-
U 
LLJ 

l- lL.. 
U lL.. 
LLJ LLJ 
lL.. 
lL.. 
UJ I-

z: 
LLJ 

lL.. 0::: 
.....J 0::: 
LLJ ::;) 

:z: u 
Vl 

.....J 
z: ~ 
W I-
a.. Vl 
0 ~ 

0 
u 

COASTAL 
HIGH CURRENTS 



RANK DEPOSIT 

1 Gulf of Corryvreckan 
2 Solan Bank 
3= Stanton Banks 
3= N. Ronaldsay N. Bank 

3= Orkney Sounds 
3= Baas of Linton 
7= Nun Bank 
7= Fair Isle Channel 
7= North Orkney 
7= Sandy Riddle 

11= Passage of Tiree 
~ 11 = Hawes Bank 
w 11= Rubha Nan Clach 0'\ 

11= Cape Wrath 
11= West Shet1anc:f 
11= Shetland - Out Skerries 
17= West Hebridean Platform 
17= West Pentland Firth 
19= Sound of Eigg 
19= Yell Sound 
21 Moray Firth 
22 Barra Head 
23 Butt of Lewis 
24 East Orkney 

TABLE 14. 

GRAIN SIZE ENVIRONMENT 

4.5 Deep tidal channel 
4.2 Atlantic dominated offshore shoal 
4.0 Atlantic dominated offshore shoal 
4.0 Tidal coastal sandbank, Atlantic & N. Sea 

influenced 
4.0 Tidal channels, some N. Sea influence 
4.0 Tidal coastal sandbank, N. Sea influenced 
3.9 Atlantic dominated shoal 
3.9 Atlantic dominated offshore tidal platform 
3.9 Atlantic dominated tidal coastal platform 
3.9 Tidal coastal sandbank, N. Sea influenced 
3.8 Atlantic influenced toda1 passage/platform 
3.8 Atlantic dominated coastal shoal 
3.8 Atlantic influenced tidal coastal platform 
3.8 Atlantic influenced tidal coastal shelf 
3.8 Atlantic dominated platform 
3.8 N. Sea & Atlantic dominated platform 
3.7 Atlantic dominated platform 
3.7 Tidal passage, Atlantic dominated 
3.5 Tidal channel, some Atlantic influence 
3.5 Tidal channel, NE Atlantic & N. Sea influenced 
3.3 N. Sea dominated tidal coastal shelf 
3.0 Atlantic dominated tidal platform 
2.9 Atlantic dominated tidal platform 
2.8 N. Sea dominated, tidal coastal platform & 

shelf 

Carbonate deposits and their environments ranked by 
average grain size. 

MAIN 
INFLUENCE 
EXTREME 
CURRENTS 

I­
U 
LLJ 
lL. 
lL. 
LLJ 

I-
0: 
o 
0... 
Vl 
:z 
c( 
0: 
I-

~ 

I­
z: 
LLJ 
0: 
0: 
::::I 
U 

LOWER 
CURRENTS 



MAIN 
RANK DEPOSIT SORTING ENVIRONMENT INFLUENCE 

1 Solan Bank 2.3 Atlantic dominated offshore shoal 
2= Gulf of Corryvrechan 2.0 Deep tidal channel 
2= Baas of Linton 2.0 Tidal coastal sandbank, N. Sea influenced 
4= Barra Head 1.8 Atlantic dominated tidal platform 
4= Butt of Lewis 1.8 Atlantic dominated tidal platform 
4= Sandy Riddle 1.8 Tidal coastal sandbank, N. Sea influenced 
7= Nun Bank 1.6 Atlantic dominated shoal 
7= East Orkney . 1.6 N. Sea dominated, tidal coastal platform & 

shelf 
9= Hawes Bank 1.5 Tidal channel - some Atlantic influence 
9= Stanton Banks 1.5 Atlantic dominated offshore shoal ? 

11 West Hebridean Platform 1.4 Atlantic dominated platform 
~ 12= Cape Wrath 1.3 Atlantic influenced tidal coastal shelf NOT w 12= Fair Isle Channel 1.3 Atlantic dominated offshore tidal platform 
~ 

12= Orkney Sounds 1.3 Tidal channels, some N. Sea influence RECOGNISABLE 
12= West Shetland 1.3 AtlantiC dominated platform 
12= Shetland - Out Skerries 1.3 N. Sea & NE Atlantic dominated platform 
17 West Pentland Firth 1.2 Tidal passage, Atlantic dominated 
18 North Orkney 1.1 Atlantic dominated, tidal coastal platform 
19= Passage of Tiree 1.0 Atlantic influenced tidal passage/platform 
19= Sound of Eigg 1.0 
19= Rubha Nan Clach 1.0 Atlantic influenced tidal coastal platform 
19= N. Ronaldsay North Bank 1.0 Tidal coastal sandbank, Atlantic & N. Sea 

influenced 
19= Moray Firth 1.0 N. Sea dominated tidal coastal shelf 
19= Yell Sound 1.0 Tidal channel, NE Atlantic & N. Sea influenced 

TABLE 15. Carbonate deposits and their environments ranked by 
sorting (visually assessed) 



RANK DEPOSIT ROUNDNESS ENVIRONMENT MAIN 
INFLUENCE 

1 N. Rona1dsay 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 
3= Baas of Linton 5.0 Tidal coastal sandbank, N. Sea influenced 
5= Solan Bank 4.5 Atlantic dominated offshore shoal 
5= Orkney Sounds 4.5 Tidal Channels, some N. Sea influence 
7= Stanton Banks 4.3 Atlantic dominated offshore shoal (/) 

~ 

7= Sandy Riddle 4.3 Tidal coastal sandbank, N. Sea influenced z: 
l.&.J 

9 West Hebridean Platform 4.0 Atlantic dominated platform c::: c::: 
10= Nun Bank 3.9 Atlantic dominated shoal => ~ 

u u 
10= West Pentland Firth 3.9 Tidal passage, Atlantic dominated l.&.J 

lL. 
~ 12 West Shetland 3.8 Atlantic dominated platform a lL. 

I- l.&.J w 13 Cape Wrath 3.7 Atlantic influenced tidal coastal shelf Q) 

14 Barra Head 3.6 Atlantic dominated tidal platform l.&.J :x: c::: ~ 

15 Butt of Lewi s 3.5 AtlantiC dominated tidal platform => (!J 
(/) z: 

16= Fair Isle Channel 3.4 Atlantic dominated offshore tidal platform a l.&.J 
Q.. c::: 

16= Shetland - Out Skerries 3.4 N. Sea & NE Atlantic dominated platform x ~ 
l.&.J (/) 

18 Passage of Tiree 3.2 Atlantic dominated tidal passage/platform 
19= Gulf of Corryvreckan 3.0 Deep tidal channel I.J.. ~ 

a z: 
19= Sound of Eigg 3.0 Tidal channel - some Atlantic influence l.&.J c::: 
19= Moray Firth 3.0 N. Sea dominated tidal coastal shelf l.&.J c::: 

l.&.J => 
22= East Orkney 2.7 N.Sea dominated, tidal coastal platform & c::: u 

(!J 

shelf l.&.J 
0 

22= Yell Sound 2.7 Tidal channel, NE Atlantic & N. Sea influenced 
22= Rubha Nan Clach 2.7 AtlantiC influenced tidal coastal platform 

TABLE 16. Carbonate deposits and their environments ranked by 
carbonate grain roundness. 



RANK DEPOSIT POLISH ENVIRONMENT MAIN 
INFLUENCE 

1= Hawes Bank 4.0 Atlantic dominated coastal shoal EXPOSURE TO 
1= N. Ronaldsay North Bank 4.0 Tidal, coastal sandbank, Atlantic & N. Sea CURRENTS 

influenced 
1= Baas of Linton 4.0 Tidal, coastal sandbank, N. Sea influenced STRONG CURRENTS 
4 Sandy Riddle 3.9 Tidal coastal sandbank, N. Sea influenced 
5 North Orkney 3.8 Atlantic dominated tidal coastal platform 
6= Butt of Lewis 3.6 Atlantic dominated tidal platform 
6= Barra Head 3.6 Atlantic dominated tidal platform 
8 West Pentland Firth 3.4 Tidal passage, Atlantic dominated (/) 

9 Solan Bank 3.3 Atlantic dominated offshore shoal ~ z 
10 West Hebridean Platform 3.2 Atlantic dominated platform lIJ 

0:: 
11= Gulf of Corryvreckan 3.0 Deep tidal channel 0:: 

=> ~ 

11= Stanton Banks 3.0 Atlantic dominated offshore shoal u u 
~ lIJ 

13 Nun Bank 2.9 Atlantic dominated shoal l..I... w 0 l..I... 
\0 14= Cape Wrath 2.7 Atlantic influenced tidal coastal shelf ~ lIJ 

14= East Orkney 2.7 N. Sea dominated, tidal coastal platform lIJ :J: 
& shelf 0:: ~ 

=> (!J 

14= Orkney Sounds 2.7 Tidal channels, some N. Sea influence (/) z 
0 lIJ 

17 Moray Firth 2.6 N. Sea dominated tidal coastal shelf c.. 0:: x ~ 

18 Passage of Tiree 2.5 Atlantic influenced tidal passage/platform lIJ (/) 

19 Fair Isle Channel 2.3 Atlantic dominated offshore tidal platform l..I... ~ 

20 Shetland - Out Skerries 2.1 N. Sea & NE Atlantic dominated platform 0 z 
lIJ 

21 Sound of Eigg 2.0 Tidal channel, some Atlantic influence 0:: 
lIJ 0::: 

22 West Shetland 1.8 Atlantic dominated platform lIJ => 
0:: u 

23 Yell Sound 1.3 Tidal channel, NE Atlantic & N. Sea influenced (!J 
lIJ 

24 Rubha Nan Clach 1.0 Atlantic influenced tidal coastal platform c 

TABLE 17. Carbonate deposits and their environments ranked by 
degree of polish of carbonate grains. 



RANK DEPOSIT STAINING ENVIRONMENT MAIN 
INFLUENCE 

1 Hawes Bank 4.0 Atlantic dominated coastal shoal BANKS 
2= Stanton Banks 3.0 Atlantic dominated offshore shoal & 
2= Sound of Eigg 3.0 Tid~l channel, some Atlantic influence SHOALS 
2= Baas of Linton 3.0 Tidal coastal sandbank, N. Sea influenced l' 5 Passage of Tiree 2.9 At1~ntic influenced tidal passage/platform 
6 West Pentland Firth 2.8 Tidal passage, Atlantic dominated 

1 7= Sandy Riddle 2.4 Tidal coastal sandbank, N. Sea influenced 
7= West Shetland 2.4 Atlantic dominated platform 
7= Shetland - Out Skerries 2.4 N. Sea & NE Atlantic dominated platform z 

10= N. Ronaldsay North Bank 2.3 Tidal coastal sandbank, Atlantic & N. Sea ~I influenced 
10= East Orkney 2.3 N. Sea dominated, tidal coastal platform & I-...... 

~ shelf 
;1 ~ 

0 12= Gulf of Corryvreckan 2.0 Deep tidal channel 
12= Rubha Nan C1ach 2.0 Atlantic influenced tidal coastal platform c( 

14 North Orkney 1.8 Atlantic dominated tidal coastal platform 3: 

15 Cape Wrath 1.7 Atlantic influenced tidal coastal shelf ~I 16 Yell SOu"~ 1.6 Tidal channel, NE Atlantic & N. Sea influenced 
17 Moray Firth 1.4 N. Sea dominated tidal coastal shelf I.&J 

0:: 

18 Orkney Sounds 1.3 Tid41 channels, some N. Sea influence 

~l 19 Butt of Lewis 1.0 Atlantic dominated tidal platform 
20 Barra Head 0.9 Atlantic dominated tidal pa1tform 
21= West Hebridean Platform 0.8 Atlantic dominated platform 
21= Fair Isle Channel 0.8 Atlantic dominated offshore tidal platform SOUNDS 
23 Solan Bank 0.7 Atlantic dominated "offshore shoal & 
24 Nun Bank 0.4 Atlantic dominated shoal PLATFORMS 

TABLE 18. Carbonate deposits and their environments ranked 
by degree of staining of carbonate grains. 



RANK 

1 
2 
3 
4= 
4= 
6= 
6= 
8 
9 

10= 
10= 

.c=. 12= .c=. 12= 
12= 
12= 
12= 
12= 
18 
19 
20 
21 
22= 
22= 
22= 

DEPOSIT DEGREE OF ENVIRONMENT 
BORING 

Yell Sound 3.6 Tidal channel, NE Atlantic & N. Sea influenced 
West Shetland 2.6 Atlantic dominated platforms 
Shetland - Out Skerries 2.1 N. Sea & NE Atlantic dominated platform 
Rubha Nan Clach 
Stanton Banks 
Passage of Tiree 
Moray Firth 
Orkney Souncfs 
North Orkney 
Solan Bank 
N. Rona1dsay North Bank 

Gulf of Corryvreckan 
Hawes Bank 
Sound of Ei99 
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. 

2.0 Atlantic influenced tidal coastal platform 
2.0 Atlantic dominated offshore shoal 
1.8 Atlantic influenced tidal passage/platform 
1.8 N. Sea dominated tidal coastal shelf 
1.7 Tidal channels, some N. Sea influence 
1.4 Atlantic dominated tidal coastal platform 
1.3 Atlantic dominated offshore shoal 
1.3 Tidal coastal sandbank, Atlantic & N. Sea 

influenced 
1.0 Deep tidal channel 
1.0 Atlantic dominated coastal shoal 
1.0 Tidal channel, some Atlantic influence 
1.0 N. Sea dominated tidal coastal platform & shelf 
1.0 Tidal coastal sandbank, N. Sea influenced 
1.0 Tidal passage, Atlantic dominated 
0.8 Atlantic dominated platform 
0.7 Atlantic influenced tidal coastal shelf 
0.5 Atlantic dominated offshore tidal platform 
0.4 Tidal coastal sandbank, N. Sea influenced 
0.2 Atlantic dominated tidal platform 
0.2 Atlantic dominated tidal platform 
0.2 Atlantic dominated shoal 

Carbonate deposits and their environments ranked by 
degree of boring. 

MAIN 
INFLUENCE 

SHETLAND 
+ 

ORKNEY 
-J/ 
~ 
u 

~I 
0:: 
(.!J 

~I 
HEBRIDES 

& 
NORTHERN 

SHELF 

/ 

J, 



~ 
~ 
IV 

RANK 

1 
2 
3 
4 

5 
6= 
6= 
8 
9= 
9= 

11 
12 
13 
14= 
14= 
16= 
16= 
16= 
19 
20 
21 
22 
23 
24 

DEPOSIT MATURITY INDEX ENVIRONMENT 

Hawes Bank 
Baas of Linton 
Stanton Banks 
N. Rona1dsay North Bank 

North Orkney 
Sandy Riddle 
West Shetland 
West Pentland Firth 
Solan Bank 
Shetland - Out Skerries 
Passage of Tiree 
Orkney Sounds 
East Orkney 
Gulf of Corryvreckan 
Sound of Eigg 
Butt of Lewis 
Cape Wrath 
Moray Firth 
West Hebridean Platform 
Ve11 Sound 
Barra Head 
Rubha Nan C1ach 
Nun Bank 
Fair Isle Channel 

TABLE 20. 

14.10 
13.50 
12.80 
12.40 

11 .85 
11.40 
11.40 
11.25 
10.85 
10.85 
10.75 
10.65 
10.05 
9.75 
9.75 
9.35 
9.35 
9.35 
9.30 
9.20 
9.09 
8.60 
7.90 
7.70 

Atlantic dominated coastal shoal 
Tidal coastal sandbank, N. Sea influenced 
Atlantic dominated offshore shoal 
Tidal coastal sandbank, AtJantic & N. Sea 

influenced 
Atlantic dominated tidal coastal platform 
Tidal coastal sandbank, N. Sea influenced 
Atlantic dominated platform 
Tidal passage, Atlantic dominated 
Atlantic dominated offshore shoal 
N. Sea & NE Atlantic dominated platform 
Atlantic influenced tidal passage/platform 
Tidal channels, some N. Sea influence 
N. Sea dominated, tidal coastal platform/shelf 
Deep tidal channel 
Tidal channel, some Atlantic influence 
Atlantic dominated tidal platform 
Atlantic influenced coastal shelf 
N. Sea dominated coastal shelf 
Atlantic dominated platform 
Tidal channel, NE Atlantic & N. Sea influenced 
Atlantic dominated tidal platform 
Atlantic influenced tidal coastal platform 
Atlantic dominated shoal 
Atlantic dominated offshore tidal platform 

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

MAIN 
INFLUENCE 

HIGH EXPOSURES 
TO CURRENTS. 
STRONG CURRENTS 
ACCUMULATION 
SITES 

o 
~ 

I.&.J 
ex: 
:;:, 
Vl 
o 
0.. 
X 
I.&.J 

LL. Vl 
o ~ 

:z 
I.&.J I.&.J 
I.&.J ex: 
ex: ex: 
t!l :;:, 
I.&.J U 
CI 

EXPOSURE TO 
CURRENTS. 
WEAKER CURRENTS. 
SLOWER, LOCAL 
TRANSPORT. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

N Q Z 

'" ~ Z 

~ a:: ;:) ..J a:: 
~ 0 0 0 0 

on a:: on CO 

Deposit <I <l <l <l <J <l 

Gulf of Corryvreckan 
Passage of Tiree +0.6 -0.3 +0.9 +1.5 +0.3 -0.2 
Hawes Bank +0.5 +0.3 +1.4 +1.2 +1.8 0.0 
Sound of Eigg +0.3 -0.2 +0.7 +0.1 +1.1 -0.2 
S1iglchan - SCllpay Insufficient dati 
Rubha Nln Clach +1.0 -0.8 +0.5 -1.0 +1.5 +1.5 
Shfant Insufficient data 
Southeast Shiant Sandbank Insufficient data 
Sound of Iona Insufficient data 
Stanton Banks * +0.5 +0.5 +0.3 0.0 - 1.0 +1.0 
Barra Head 0.0 +0.5 +1.3 +1.3 - 1.4 -1.3 
West Hebridean Platform * 0.0 +0.4 -0.3 +0.5 - 1.5 +0.5 
Butt of Lewis +0.5 -0.3 +1.0 +0.1 - 1.1 +0.1 
Cape Wrath +0.2 -0.1 -0.1 0.0 - 0.2 -0.4 
Nun Bank +0.2 +0.4 +0.3 +0.3 - 0.8 +0.9 
Solan Bank * +0.7 +1.3 +2.0 +2.3 - 3.3 -2.7 
Fair Isle Channel All sediments i~ vic!nity a;,e ) 75~ ~aC03 
Fair Isle Sandwave Field 01 II 

North Orkney 01 II " 
N. Ronaldsay North Bank " " 01 

East Orkney " II 

N. Ronaldsay East Bank 
Orkney Sounds " 
Baas of Linton " 
Dowie Sand Insufficient data 
West Pentland Firth * +1.2 +0.2 +1.9 -0.6 +2.8 
Sandy Riddle +0.5 -0.5 +1.2 +0.9 +0.1 
Moray Firth * +0.3 +0.0 +1.0 +1.6 -1.1 
West Shetland +0.6 +0.0 +0.8 -0.3 +0.6 
Foula Insufficient data 
Northeast Shetland Insufficient data 
Shetland - Out Skerries +0.8 0.0 +0.5 -0.2 +0.9 
Yell Sound +0.2 -0.3 +0.6 -2.7 +D. 1 

A TEX • TEX(75) TEX(50) NB. (a) 

(b) *fmplfes that data on surrounding carbonate rich (50-75~) 
sediment is very limited - ego only one sample. 

(c) values for M in brackets are difference between M for 
the carbonate sandbank and surrounding carbonate sediments. 

+1.0 
-0.4 
-2.2 
-0.5 

+0.1 
+1.0 

TABLE 21. DIFFERENCES BETWEEN TEXTURAL PROPERTIES OF DEPOSITS () 75~ CaCO l ) AND 
SURROUNDING SEDIMENTS (50-75S CaC0

3
) 

- 443 -

:II: 

<l 

+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 



DEPTH BARN BIV ECH GAST SERP BRY CAlAL FORAH GNSI SORT ROU:'!i) POL STAIN BOR HI 

DEPTH -0.5598 0.187B 0.0732 0.0166 0.2993 0.4346 -0.4912 0.2049 0.2226 0.212:1 -0.2944 -O.141~ -0.1177 0.1012 -0.1905 
P=0.OO2 P=0.190 P=0.367 P=0.469 P=0.078 P=O.017 P=0.OO7 P=0.168 P=O.148 P=0.159 P=0.OB9 P=0.254 P=0.292 P=0.319 P=0.186 

BARN -0.4323 -0.5794 0.1444 -0.2863 -0.5974 0.4448 -0.4290 0.0726 -0.3043 0.0737 0.0534 0.5587 -0.0917 0.2768 
P"0.017 P=0.002 P=0.250 P=0.087 P=O.OOl P=0.015 P=0.018 P=0.368 P=0.074 P=0.366 P=0.402 P=0.002 P=0.335 P=0.095 

BIV 0.0019 -0.6517 -0.4322 -0.0939 -0.0295 0.1675 0.0950 0.1647 -0.1657 -0.1128 -0.1220 0.2979 -0.0485 
P=0.497 P=O.OOO P=O.017 P=0.331 P=0.446 P=0.217 P=0.329 P=0.221 P=0.220 P=0.300 P=0.285 P=0.079 P=0.411 

ECH 0.1225 0.2247 0.2397 -0.3168 0.3819 -0.0821 -0.0389 -0.1649 -0.3580 -0.4774 0.2701 -0.3564 
P=0.284 P=0.146 P=0.130 P=0.066 P=0.033 P=0.351 P=0.429 P=0.221 P=0.043 P=0.OC9 P=0.101 P=0.044 

GAST 0.2873 0.1652 0.0047 -0.3717 0.0620 0.0547 0.0939 0.1054 -0.2042 -0.2949 -0.1306 
P=0.087 P=0.220 P=0.491 P=0.037 P=O.387 P=0.400 P=0.331 P=0.312 P=0.169 P=0.081 P=0.271 

SEitP 0.0198 -0.3452 -0.2085 0.2820 -0.0455 0.4866 0.2142 0.1199 0.1242 0.3806 
P=0.463 P=0.049 P=0.164 P=0.091 P=0.416 P"0.OD8 P=0.157 P=0.288 P=0.282 P=0.033 

BRY -0.3637 0.4741 -0.3919 0.3990 -0.2115 0.10BO -0.6501 -0.4644 -0.5190 
P=0.040 P=0.010 P=0.029 P=0.027 P=0.161 P=0.308 P=O.OOO P=O.OII P=0.005 

~ CALAL -0.3346 -0.0018 -0.1435 -0.0523 -0.1284 0.1991 -0.0723 -0.0006 
~ P=0.055 P=0.497 P=0.252 P=O.404 P=0.275 P=0.175 P=0.369 P=0.499 
~ 

FORAH -0.5815 -0.1082 -0.5238 -0.3761 -0. 250!i 0.1261 -0.4311 
P=O.OOl P"0.307 P=O.OO4 P=0.035 P=0.119 P=0.279 P=O.OIB 

GNSI 0.1364 0.4171 0.0909 0.1257 0.1302 J.2975 
P=0.263 P=O.021 P=0.336 P=0.279 P=0.272 P=O.079 

SORT 0.2487 0.4967 -0.2045 -0.4813 0.1400 
P=0.121 P=0.007 P=0.169 P=0.009 P=0.257 

ROU~D 0.7960 0.1475 -0.2617 0.7057 
P=O.OOO P=0.246 P=0.108 P=O.OOO 

POL 0.0888 -0.6058 0.5668 
P=0.340 P=O.OOI P=..J.002 

STAIN 0.2825 0.7353 
P=0.091 P=O.OOO 

BOR 0.1593 
P=0.229 

"I 
TABLE 22. Pearson Correlation Coefficients for average petrographic 

characteristics of carbonate deposits. 
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Depth 
Barnacles 
Bivalves 
Echinoids 
Gastropods 
Serpulids 
Bryozoa 
Calc. Algae 
Foraminifera 
Grain size 
Sorting 
Roundness 
Polish 
Staining 
Boring 

Factor 1 
Factor 2 

Factor 1 
(35.7% ) 

0.58786 
-0.93494 
0.16519 
0.56004 
0.02787 
0.48350 
0.60607 

-0.59617 
0.38557 
0.02548 
0.21615 

-0.06213 
-0.09315 
-0.45637 

O. 14881 

Factor 2 
(28.8%) 

0.01700 
0.10175 

-0.01582 
-0.17637 
0.04659 
0.60192 

-0.56187 
-0.05048 
-0.62756 
0.62156 
0.07163 
0.72721 
0.43493 
0.38462 
0.18823 

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 

-0.24-983 
-0.83918 

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

Factor 3 & 4 : Not detennined 

Factor 4 
(16.9%) 

-0.08850 
0.25396 

-0.97821 
0.11011 

0.66991 
0.47464 
0.19210 

-0.03417 
-0.17332 
-0.06895 
-0.12781 
0.14133 
0.08215 

-0.0'5441 
-0.28298 

TABLE 23. Factor ana 1ys is of petrographi ca 1 
characteristics using a Varimax rotated 
factor matrix. 

- 44.5 -



Barnacle 

Echinoid 

Serpulid 

Bryozoa 

Foraminifera 

Bivalve 

Grain Size 

Roundness 

PoUsh 

Table 24 

% 
o 

COMPOSITION 

% 
___ ..::C:.;::O:.:.A.:.:::S:..:.T;.:A=.L.:..:A~N=D..:.R~O::.:C:.:.K.:..:E=.:F..:.F.;;E;.;;;C..;.T ____ ...,.~ 51 + 

OFFSHORE AND ATLANTIC EFFECT 

O~~~ ____ ~C~O~AS~T~A~L~A~N~D~T~I~D~A~L~EF~F~E~C~T ______ __ 13+ 

0 

0 

0 

23 

ROCK AND OFFSHORE OR ATLANTIC EFFECT • 
~ COASTAL AND NORTH SEA EFFECT 36+ 

WATER DEPTH EFFECT • 
~ OPEN SHELF EFFECT 26+ 

OPEN SHELF EFFECT • COASTAL AND TIDAL CURRENT EFFECT 8+ 
~ 

WAVES TIDAL CHANNELS 
---33 47 68 
WESTSCS NESCS 

TEXTURE 

1.0 - - _ ~2.8 

1.0 - - -~2.7 

---... ~ 4.5 - - - ~ 5.0 
EXTREME CURRENTS 

RARE OR SHORT DURATION 
OF EXPOSUR~ TO CURRENTS 

--.......... 5.3 - - - ~6.0 

FREQUENT ANDIOR LONG DURATION 
OF EXPOSURE TO CURRENTS 

o - -. - ~1.0 

CURRENTS AlA 

----tl~. 4.0 

CURRENTS AlA 

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. 

_. A.~,_. 
~ 



Mean sediEnt 
grain diaEter 

( lID) 

1.134 

0.771 I 
~ I 

I 

i 
I , 

I 

c'363 I 
i 

I I 
i ! 

I 
i 

0.142 I I 

I I , 
I 

1 

, 

I 

Empirical "Combined 
equivalent unidirectional 

Crttteal threshold combinations of'velocities 
velocity· (CV). Compare this 
with Hunidirectional 
current only" 

Critical Threshold Velocities Wave ?eriod = 5 secs Nave period .. 15 secs 

Unidirectional Wave currents Wave currents Nave current Unidi rectiona 1 Wave C"rrent ~tdirectiona 5 sec waves 
current only only (5 sec) only (10 sec) velocity current velocity velocity current CV=TV+O.3WV 

Clft/sec au/sec ctJ/sec cm/sec cm/sec Clll/sec velocity 
(NV) (TV) (NY) ctJ/sec 

(TV) 

26.7 35.0 30.3* 4.00 27.1 2.67 24.7 28.3 
8.00 24.6 4.20 24.1 27.0 

12.00 22.9 6.00 23.1 

I 
26.5 

18.0 21.5 9.45 19.4 26.9 
24.0 20.3 10.0 18.9 27.5 

12.0 17.5 
16.8 13.9 
20.0 12.7 
20.9 9.3 

24.3 31.9 t 4.00 23.5 2.67 21.6 ! 24.7 
8.00 22.5 6.00 19.8 

, 
24.9 

12.00 21.3 10.0 17.7 
ji 

24.9 
18.00 19.8 12.0 15.9 25.2 
24.00 17.4 16.0 13.1 II 24.6 

20.0 10.9 " Ii 21.9 27.0 27.0 4.00 21.6 2.67 19.4 22.8 
8.00 20.4 6.00 17.4 

\1 
22.8 

12.0 18.0 10.0 15.9 21.6 
18.0 15.5 12.0 14.3 I; 20.9 

16.0 11.2 
20.0 9.2 

15.6 17.3 25.4 4.0 18.3 2.67 15.6 19.5 
8.0 17.7 6.00 14.0 20.1 

12.0 16.4 10.00 12.5 20.0 
I 18.0 8.1 12.0 10.9 13.5 

! 
16.0 9.6 i 
20.0 6.9 ! 

* Affected by flume resonance t Restricted by flume resonance 

TABLE 25. 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 fro. 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, 

15 sec waves 
CV=TV + O.7WV 

26.6 
27.0 
27.3 
26.0 
25.9 
25.9 
25.7 
26.7 
23.9 

23.5 
24.0 
24.7 
24.3 
24.3 
24.9 .-

21.3 
21.6 
22.6 
22.7 
22.4 
23.2 

17.4 
18.2 
19.5 
19.3 
20.8 
20.9 

- -

I 

I 
i 
I 
I 
I 



Sieved 
grain size (mm) 

0.5-1.0 

1. 0-2.0 

2.0-4.0 

Threshold current for Threshold current for 
quartz sand (em/sec) shell sand (em/sec) 

27 13 

36 20 

39 

I 
22 

TABLE 26. Crude th resho 1 d ve 1 oc; ti es for 

shell sand (sample 58-03/2) and 

quartz sand, derived at Strathclyde. 
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\0 

I W. Fair Isle Channel N. Fair Isle Channel 
, 

Water 60 m 110 m 60 m 110 m 
Depth 

Tida 1 Current PN1.0 21 19 32 29 
(em/sec) 

I 
Wave 

/Current 
I( em/sec) 

I 
CV 

I( cm/sec) 

I 

PS1.0 37 33 58 

0.1% exceedance 75 40 75 
1.0% exceedance 50 30 50 
50% exceedance 5 1 5 

O. 1%, PN 126 75 137 
0.1% max, PS 268 156 289 
1%, PH 91 60 102 
1% max, PS 191 122 212 
50% PH 28 22 39 
50% max, PS 52 36 73 

i 

PHET 41% 38% 
---~------~ --

Table 27. Tidal, wave, and combined equivalent unidrectiona1 (CV) 
current velocities in H&W Fair Isle Channel. (For S. Fair Isle 
Channel see North Orkney). 

51 

40 
30 
1 

85 
174 

71 

143 
30 
54 J 

! 

I 
! 



~ 
VI 
o 

I 

., 
CASE OCCURRENCE INCIDENCE I~ CV1 0 ; THRESHOLD. ( ) 

I. cm/~ec) SlZe RIll 

Quartz Carbonate 
I , 

0.1%, PN - -Exceeded by 90 2.5 20+ I 
I 

at least 1 : I 
Extreme winter storm 

, 

wave in 4. 
, 

I 
once in 3 years I 0.1% max, PS -maximum /189 12 100+ -

attained I 
, I 

1%, PN -Exceeded by at 69 ! 1.4 4+ I 

least 1 wave in I , 
Severe wi nter storm I 

4. 
3-4 times per year 

1% max, PS -maximum attainec 142 9 100+ 

50%, PN -Exceeded by at least 23 0.04 0.05 i 

'Rpugh' sea 178 1 wave in 4 
, 
il 

d~ys per year '. 
" 

50% max, PS -maximum attained 41 0.23 0.5-1 ·1 
I 
! 
I 
I ----- ---- -- ~ ----- ~--- ----- -_ .. _ .. - - ----

TABLE 28. Particle size thresholds for va~ing weather conditions in the west 
Fair Isle Channel at 80-90 m depth. (See also Figs.5:rs7Tables2~29and 
Appendix 3 , Tables46 & 47 ). 

SUSPENSION(mm) 
GRAIN SIZE 

Quartz Carbonate 

0.26 0.9 - 2.0 I 
1 
! , 

0.6 2 - 20* 1 

I 
J 
t ..... 
i 

0.25 0.77- 1.8 : , 
, 

I 
0.43 1 - 3 ; 

I 

0.04 0.05 ! , 
, 

0.23 .5-1 
, 
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Tidal 

Wave 

CV 

---

NORTH ORKNEY (60m) NORTH RONALDSAY north bank 
and North Orkney 

Current Carbonate Carbonate Current Carbonate 
em/sec Theshold Suspension Threshold Gn Sz 

Gn Sz em} Gn Sz (m) em} 

PN1.0 46 53 

PS1•0 69 80 

---- - .- --- -- - -- . ---

0.1% 75 120 

1.0% 45 85 

50% 5 17 

--- -- - -.. . _. - . 

0.1%, PN 151 100+ 1-3 214 100+ 

o. 1 %max. PS 300 100+ 3+ 450 100+ 

1%, PN I 116 100+ 1-2 172 100+ 

l%max, PS 208 100+ 2-5 342 100+ 

50%, PN I 53 1-3 0.6-1.2 77 2 

50%max,PS 84 10+ 0.7-1.5 ; 132 7-100+ 
I i -_._. __ .-

Table 29. Tidal, wave and combined equivalent unidirectional (CV) velocities, 
with carbonate particle size thresholds, for North Orkney. 

(30m) 

Carbonate 
Suspension Gn Sz 

(mm) 

! 

2-5 

4+ 

1.5-4.5 

3+ 

.7-1. 5 

.8-1.8 



~ 
VI 
IV I 

Tidal 
Current 
(cm/sec) 

Wave 
current 
(cm/sec) 

CV 
(cm/sec) 

Nearshore Offshore --------

Water (E. of Stronsay Firth) 
Depth 30m 50m 10m 

PN1.0 52 47 40 

PSl. O 76 69 25 

0.1% exceedance 45-125 35-95 25-70 
1% exceedance 30-90 20-60 10-40 
50% exceedance 8-20 4-10 0-4 

o. 1%, PN 112-227 96-180 60-723 
0.1% max, PS 214-461 177-362 117-256 
1%, PN 94-178 79-131 39-81 
1% max, PS 168-353 131-254 71-163 
50%, PN 63-80 53-61 25-30 
50% max, PS 101-158 81-100 I 40-52 

PNET 41% 

Table 30. Tidal, wave and combined equivalent unidirectional (CV) bottom current 
velocities, East Orkney. 

90m 

38 

23 

10-45 
5-30 
0 

37-86 
69-177 
30-65 
53-92 

23 
38 

---



~ 
lJI 
W 

, 
Location WPF • S-S SR/CH SR EPF/MF MF 
Water Depth 80m 70m 50m 20m 30m 50m 

. -_._- ---_. 

Tidal current PN1.0 39 139 148 57 21 19 
(cm/sec) 

PS1•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+ 

o. 1%, PN 109 209 183 162 84 54 
0.1% max, PS 226 378 306 316 178 100 

ICY 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% 
- ~- - -

Tabl~ 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.511~7' 



Tidal PN1•0 
Current 
(em/ PSl.O 
sec) 

Water Depth = 120 m 

Wave 0.1% exeeedanee 
Current 1% exceedance 
( em/sec) 50% exceedance 

o. 1%, PN 
0.1% max, PS 

CV 1%, PN 

(em/sec) 1% max, PS 
50%, PN 
50% max, PS 

85 

170 

25 
15 
0 

120 
247 
106 
216 
85 

170 

Table 32. Tidal, wave and combined equivalent unidirectional (CV) 
bottom-current velocities, Gulf of Corryvreckan. 
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Tidal 
current 
(em/sec) 

Wave 
current 
(em/sec) 

CV 

(em/sec) 

SOUTH END NORTH END 

Water Depth 55m 55m 

PN1•0 20 30 

PS1•0 35 55 

0.1% exeeedanee 75 60 

1% exeeedanee 50 45 I 

50% exeeedanee 5 5 

.1%, PH 114 98 

.1% max, PS 247 211 

1%, PH 79 77 

1% max, PS 170 165 

50%, PH 16 21 

50% max, PS 31 I 41 

PHET 75% I 60% 
I 
I 

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

Passage of Tiree. 



,e:.. 
(n 
~ 

Ii da 1 current 
(cm/sec) 

Wave current 

(cm/sec) 

CV 

(cm/sec) 

Water Depth 130m 90m 40m 

PH 12 13 15 

PS 20 21 25 

O. 1% exceedance 40 50 110 

1% exceedance 25 40 90 

0% exceedance 0 5 15 

O. 1%, PN 68 83 169 

0.1% max, PS 143 175 354 

1%, PN 47 69 141 

1% max, PS 97 144 302 

50% PN 12 20 36 

60% max, PS 20 36 71 

PNET 38% 
~.~ ~-~~-- - ~- -

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

velocities, Stanton Banks. 



~ 
VI 
-...J 

Location BH IWHP OWHP BL 
Water Depth 60 40 80 60 

Ti da 1 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/see) 50% exceedance 8 10 5 8 

0.1%, PN 123 152 75 117 

CV O. 1% max, PS 263 330 164 252 

(em/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 unidirection~l(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. 



~ 
111 
Q) 

I 

Ti da' current 

(cm/sec) 

Wave current 

(cm/sec) 

CV 

(cm/sec) 

Location Cape Wrath Nun & Solan Banks 
Water Depth 60m 70m 

PN,.O 35 18 

PS,.O 69 34 

0.1% exceedance 75 70 

1% exceedance 50 50 I 

50% exceedance 8 8 

0.1%, PN 140 116 

0.1% max, PS 300 250 

1%, PN 105 88 

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. 



S,,",LE NO. 

C74 144/1 

JM 72 97/1 

571 142/1 

JM 109 

JM 36 

027 

035 

Of7 

DF'13 

SF 43 

SF" 

SF« 

SF 215 

So. 01 abo .. 

58 0312 

58 03/2 

51 03/2 

5103/2 

5803/2 

51 03/2 

51 03/2 

58 03/2 
58 03/2 
NS USo (A) 

NS 15'50 (I) 

IS 15 SD Ie) 

NS IS so (0) 

SWLE DESCRIPTION LOCATION POSITION WATER DEPnl MEAN • CORRECTEO' 
LAT. LONG. (OI) RADIOIIETRIC AGE 

AGE 

lulk llIIIpl., gr."1 only •• Flir hi. CIIannel 59-53-06N 2-04-0311 92 5406!,50 5006 
Bulk 11..,1., grl"1 only W. 'enthnd Firth 58-40-ooN 3-27-82\1 75 Z752~55 2352 

lulk slIIIpl., grl"1 only II. Sarr. He.d 56-e5-16M 7-54-3411 99 4072!,55 3672 

Gt~_ .... (lt~ ..... VII .. •• E. Pu .. ,. of 56-4ON 6-16W 30 789!86 389 
Tire. 

Arctici isiondici vol .. Co 1 onsay·Juri 55-59N 6-311 23 828!86 428 

Barnici. plat.s fl'Ol!l s!\ell 
grlVll 

Oronsay-I slay 55-59N 6-1511 20 558~86 158 

"",,e.......n-. .. I" Sound of Jura 55-SIN 5-5OW 42 632!86 232 

1IIInld frlgollflts ..... rn. N.II. ""rtll St, 56-26M 01-5311 60 10865!160 10465 
Ibrllded Ind strongly 
, ..... ltalned 

....... ~-.....ta •• 11. Iortll Stl 56-47N 01-1711 68 6370!160 S970 
•• 1"" wrn, abrlded. 
1t"",,1, tron stat., 

lulk 11IIIp1 •• _11 .... t1, •• 11. IIortII See 57-0511 01-1211 62 3070!,IO 2670 
.. U ......... ",.QI'IdId 
• _ti,l tron ltat"" 

Bulk 11IIIp1 •• kZ- 11.11, Iortll See 57oQZ!1 01-1011 61 4270!9O 3870 
, ...... ta,.,.. III'" .1Id 
~Iy tron stat""' 

lulk ...,1 •• 1I1Id. Nell, 
.... ", • _Ill 'I'0Il Itat"" 

•• 11. Iortll Sea 57-oet1 01-0811 63 4220!IOO 3820 

lulk llIIIpl •• 1I1Id. INdly 
.... rn • _Iy Iron Ita I,," 

11.11. North Sea 57-2111 01-39W 65 6170!,100 5770 

Shell ,r ... l. '''goIIfIts 
g .. y and pitted Waltern SCS 130 8135!60 7935 

Sel.cted barnacle plotes S_ IS abo .. Sa. IS above 130 11560!80 11160 

lulk sllllpl •• shell lind 4 k. E or Coplnuy, S8-54N 2-3611 64 3900;<1 3500 
a gr ... 1 (I .. l.bl. ) Orkney 

Hoa.1l1 bored bhel .. 4570!70 4170 
fra,....ts 

lllullded bh.l .. fra,....ts. 4410!,60 4010 
not bored. 

Angullr btvel .. , .... ,....ts. 
not bored. 

3780!70 3380 

llmecl. , .. ,....ts. abraded 
IIId stet ..... 

3270!1l0 2870 

IIrneci. , ....... ts. not ......... 3290;<1 2890 
not stat ..... 

Strpulld ' ....... ts 
GIS tropod fra,....U 
11 •• ,_ .It .. 011 collection 

Whol. 1'",1 ••• 1 .. 0' Act .... 

1.r-4t"" not bored 

Till f..,....U ",."t 11 bored 
An .... 1.z...Il<M 

Table 37 

4Q60!70 3660 
3480!,60 3080 

'58!'0.5S 
No..-rn Shelf 5'-00 4-0911 80 1460!70 1060 

159O!2SO 1190 

S86O! 140 54to 

5340!210 4940 

Summary of 14C radiometric ages for carbonate 
collected from surface sediments on the SCS 
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Sample 58-03/2 

Position: 580 54. lIN, 20 36.3 IW. 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 O.K. Graham, IGS): 
GASTROPODA 
Ba~ois? 
Ca~~iostoma zizyphinum (Linne) 
CantharidUs montagui (Wood) 
CinguZa semioostata (Montagu) 
EmarginuZa reticuZa (Sowerby) 
GibbuZa oinel'aria (Linne) 
G. tumiaa (Montagu) 
MangeZia aostuZata (Risso) .. 
Nassarius inamssatus (Strom) 
Natiaa montagui (Forbes) 
Rissoa parva (da Cost~) 
Trophon t!'Unaatus ( Strom) 
BIVALVIA 
Area tetragona (Pol i ) 
Astarte trianguZa1'is (Montagu) 
Cl'eneZZa deaussata (Montagu) 
Gal'i teUineUa (Lamarck) 
GZyaymel'is gZyaymel'is (Linne) 
Heteranomia squamuZa (Linne) 
MbdioZus phaseoZinus (Philippi) 
ModioZus sp 
NucuZa turgiaa (Leckenby & Marshall) 
Parviaazodium ovaZe (Sowerby) 
SpisuZa eZZiptiaa (Brown) 
Venus fasoiata (da Costa) 
V. ovata (Pennant) 
V. stl'iatuZa (da Costa) 

ECHINOOERr~ATA 

Eahinooal'diwn aOl'aatwn 
Eahinooyamus pusiZZus 
Eahinus ? 

Table 38. Compositional details of IGS sa~le 
53-03/2 GS, whi ch wac; used for 14C dati ng 
experiments (pp.224-233) and flume studies 
( pp. 179, 182) • 
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".).o! , 
~ .... 

SHOALS - ROCKY HIGHS 

Stanton Banks 
Solan Bank 
Nun Bank 
Haws Banks 

Offshore 

1 
Coastal 

Pobie Banks (Northeast Shetland) 
(and Shetland Out ) 
( Skerries ) 

SMant 
{Passage of Ti ree) 

OCE~.wARD HUMMOCKY PLATFORM 

Barra Head 
West Hebridean Platfon. 
Butt of Lewis 

Yest Shetlands 

PLATFORMS - ROCKY PAVEMENTS 

Fair Isle Channel Passage of Tiree 

COASTAL PLATFORMS 

Slt gachan-Sca 1 pay {Butt of Lewis} 
Rubha Nan Clach (Sound of Eigg} 
Cape Wrath 
North Orkney 
East Orkney 
Moray Firth 
Greenstone Point 

TIDAl. SANDBANKS 

N. Ronaldsay north bank 
N. Ronaldsay east bank 
Sandy Riddle 

Baas of Linton 
Dowie Sand 
Dunnet Bay (West Pentland Fi rth } 
(Cape Wratt.) 

PLATFORM FLANK & ADJOINING SHELF 

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

TIDAl. C»ANHELS BAYS AND SJUNDS 

(1) Entrance to Tidal Channels and Bays and Sounds 

West Pentland Firth 
Gulf of Corryvreckan 
Yell Sound 
Orkney Sounds 
Sligachan - Scalpay 
Loch Brackadale 
Loch Dunvegan 
Plockton-~le of lochllsh 
Loch Brootl 

(if) ,,,ithin Tidal Channels and Bays and Sounds 

Yell Sound 
Orkney Sounds 

(iii) Island - COlst Channels 

Sound of Iona 
Sound of Elgg 
Loch Eishort 
Loch Dunvegan 

Colonsay 
Call & Tiree 
Hull & Ardnamurchan 
Eigg 
Outer Hebrides 
~och Dunvegan (Skye) 
Greenstone Point 
Faraid Head 
Caithness 
Orkney 
Shetland 

BEACHES 

Summer Isles (Loch Broom) 
Balta Sound 
St. Ninian (Tombolo) 
Sound of Taransay 

(Ritchie & Crofts 1974) 
(Mather et 11. 1975) 

(Mather & ~rofts 1972) 

(Mather et. a1. 1975) 
(Ritchie 1971,& Ritchie&Mather 1970) 

(Mather et. al. 1975) 

(Crofts & .tather 1972) 

(Ritchie & Mather 1969) 
(Mather 1970) 
(Mather et. al. 1974) 

(Mather & 5mith 1974) 

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. 



Table 40. CARBONATE SEDIMENTATION RATES 

AREA g/m2/yr cm/1000 yrs 
Range Mos t Li ke 1 y ! Range Most Likely 

! 

SCS Who 1 e Area ~ 
>50% CaC03 4-135 24 : 0.5-76.9 3.0 

: 

SCS Offshore , 

deposits 4-173 37 0.5-21.6 4.6 
>75% CaC03 

SCS Orkney a rea 
>75% CaC03 18-312 77 1.8-39.0 9.6 

SCS Sanqy Riddle 
>75% CaC03 125-1834 581 15.7-229.3 72.6 

SCS East Orkney, . I 
I FIC platfonn I 114-646 248 14.3-80.8 31 

edge . 
New Zealand 
Cenozoic 8-40 16 i 1-5 2 
(Ne 1 son 1978)! 

Wann Water 
Shelf 80-800 10-100 Carbonates. - -
(Nelson 1978) 

NB. FIC = Fair Isle Channel 

Table 41. CARBONATE PRODUCTIVITY 

g/m2/yr 
range most 1i ke 1y 

Whole SCS 4-135 24 >50% CaC03 
Orkney Area 14-312 g'/ 

Sound of lona Barnacles - 30 
Sound of I~na Calc Algae 20-40 -(Cucci 197 ) 
Barbados tropical - 1500 
fringing reef 
(Stearn et. a1. 1977) 
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Component Mineralogy 

Barnacles LMC 

Bivalves A&LMC 

Echinoids Mainly HMC (spines are LMC) 

Gastropods A or LMC 

Serpul ids Mostly HMC (trace A) 

Bryozoa A 

Cal careous Al ga HMC 

Forami ni fera HMC&LMC 

TABLE 42. SUl1I118ry of CaC03 mineralogy of the 

main bioclastic components. 

A= aragonite; L~~= low magnesium calcite; 

HMC= high magnesium calcite. 

- 463 -



TABLE 43. Inferred Composition of Carbonate Deposits. 

Mineralogy 

Gulf of Corryvreckan Dominantly A&LMC 

Passage of Tiree " A&LMC. 
Some HMC. 

Hawes Bank A, LMC&HMC 

Sound of Eigg Dominantly A&LMC 
Some HMC 

Rubha Nan Clach Dominantly A&LMC 
Some HMC 

Stanton Banks HMC, LMC & A 

Barra Head 

W Heb. Platform 

Butt of Lewi s 

Cape Wrath 

Nun Bank 

Solan Bank 

Fair Isle Channel 

North Orkney 

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 

N. Ronaldsay, N. Bank LMC, A, HMC 

East Orkney 

Orkney Sounds 

W. Pentland Firth 

Sandy Ri ddle 

Moray Firth 

West Shetland 

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 

Shetland-Out Skerries LMC, A, HMC 

Yell Sound LMC,HMC, A 

Mg Level s 

very low 

low 

mod-hi gh 

low 

low-mod 

mod-high 

low 

mod-high 

low-mod 

low-mod 

mod 

low-mod 

mod 

low-mod 

mod-hi gh 

low 

low-high 

low-mod 

low-mod 

low 

mod-high 

mod 

mod 

v. low, mod, and high are all relative. 

'High' may still involve t1g0 levels of <4%. 
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riain 
Components 

Biv & Barn 

Bi v & Barn 

Barn ,Serp ,Bi v. 

Bam, Biv. 

Bam&Biv, 
Serp & Foram 
Biv,Serp,Bry 

Biv,Bry,Barn 

Serp ,Bi v ,Ech, 
Bam. 
Bi v ,Bry ,Serp, 
Barn ,Foram 
Barn ,Bi v, 
Serp, Foram 
Bi v,Bam ,Bry, 
Serp, Ech 
Biv,Bry,Serp, 
Ech 
Bi v ,Bry ,Serp, 
Ech 
Bi v ,Barn, 
Serp. 
Bi v ,Serp ,Barn 

Bi v ,Bam ,Bry 

Bi v,Bam, 
1 oca 11 y Ca 1 A 1 
Bi v ,Bam ,Serp, 
Bry 
B iv, Ba m ,B ry , 
Serp 
Bi v,Bam ,Bry 

Bi v ,Serp ,Bry, 
Ech, Bam. 
Biv,Ech,Serp, 
Bam, Foram 
Bi v,Serp, 
Ech, Foram 



Sample No: SH MF MF MF 60/01 Commercial 
297 Maerl 

CaO 

MgO 

A1 203 
Fe203 

~O 

Na20 

S;02 

P205 

S03 

CO2 

305 
Barra Head 

840 2060 2078 
( Moray Fi rth ) Shetland Brittany, France 

Out Skerries 

47.7 47.4 48.3 49.6 27.S? 

1.9 1.5 1.6 1.2 3.0 

1.5 1.1 1.0 0.8 O. 1 

0.4 0.7 0.6 0.4 0.6 

0.2 0.3 0.2 0.4 0.1 

6.1 7.9 6.7 6.4 3.1 

0.07 0.10 0.89 0.06 

0.50 0.64 0.65 0.56 

37.6 37.7 38.6 39.4 40.6 

Table 44. Major element analyses for samples of 

carbonate sediment. 

(IGS 'in-house' data). 

- .'f -

42.33 

3.19 

1.16 

0.68 

0.18 

0.35 

9.76 

0.08 

1. 10 

39.01 



Deposit 

Hawes Bank 

Passage of Tiree 

Barra Head-West 
Hebridean Platform-
Butt of Lew; s 

~ 

~ Cape Wrath 

East Orkney & 
Fair Isle Channel 

Sandy Riddle 

Whole 
Orkney Area 

Total Reserves 
(tonnes or 1069) 

2.8 x 106 

18.6 x 106 

401 x 106 

102 x 106 

1721 x 106 

104 x 106 

2920 x 106 

Likely net accumulation 
rate=equi1ibrium 
extracti on rate 
(tonn~~ldayl 

1.3 

8.5 

183 

47 

786 

48 

1333 

10 year extraction 50 year extraction 100 year 
rate rate extraction 

(tonnes/d~y) (tonnes/day) rate 
(tonnes/day) 

768 156 79 

5104 1028 579 

110046 22101 11188 

27992 5674 2841 

472293 95087 47937 

28541 5746 2897 

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 
Biv 

Bor 

Bry 

C. Alg 

COSS 

CV 

Ech 

For am 

Gast 
GnSz 

Grv 

IGS 

lOS 

M 

N 

OWS 

P 

PN 
PNEI 
Pol 

PS 

PSA 

Rnd 
SCS 

Serp 

sort 
SPPS 

stain 

TV 

UKCS 

WV 

barnacle 

bivalve 
boring 

bryozoan 

calcareous alga 

Carbonate Deposit Summary ?heet 

combinen equivalent unidirectional 

echinoid 

foraminifera 

. gastropod 
grain size 

gravel 

current velocity 

Institute of Geological Sciences 

Institute of Oceanographical Sciences 

Maturity Index 
negligible ««1%) 

ocean weather ship 

probability (of a correlation co-efficient 
being 'correct') 

peak ~eap tidal current velocity 

peak ~eap exceedance time 
polish 

peak spring tidal current velocity 

particle size analysis 

roundness 

Scottish Continental Shelf 

SEm(l)ulid 
sorting 

significant peak particle speed 
staining 

tidal (unidirectional) current velocity 

United Kingdom Continental Shelf 

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 R.R.S. Challenger N.E.R.C. (Dr J Hall) firth. of Lorne 

1977 R.R.S. John Hurray N.E.R.C. (Dr G farrow Orkney 

&: T P Scoffin) 
1977 f .R. V. Scotia D.A.f.S. (Dr R G J W. Heb. Shelf 

Shelton) 

1977 M.V. Emerald LG.S. (Dr 0 Evans) Central N.Sea 

1978 M. V. Cape Shore l.G.S. (Dr J A Cheshet) W. Shetland 

1978 f.R.V. Scotia D.A.f.S. (Dr R G J Rockall and 
Shelton) Nun Bank 

1979 M. V. Whitehorn loG.S. (Dr 0 Evans) Orkney and 
N.Shelf 
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APPENDIX 3 

Sediment mobility calculations, fair Isle Channel 



Table: 46 

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

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

Depth: 80m 

GnSz: Up to 2-20mm 

PN1•0:20 em/sec 

Equiv. Qz GnSz 1mm 

PNET: 41% 

Required threshold current (from Fig.i39) : 70cm/sec 

Using TV1•0 = PN1•0 

CV1•0 = TV1•0 + 1.4 WV (assuming long period waves) 

Hence the WV required to move all sizes of sediment = 70-20 
1.4 em/sec 

= 36 em/sec. 

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

for this location). 
01 
'a 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 = 0, 

Then CV = 1.4 WV 

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 - 1mm 

PN1•0:20 em/sec 

Equiv. Qz GnSz 0.15 - .3mm 

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 em/sec = 4%; equivalent to 14~ days per year 

for 4·1% 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 
WV = 29 em/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 em/sec, 

assume WV = 0, and PS = 37 em/sec max 

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 
D : 2 x 103 

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 
o 

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

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

for VFI = 10 and 0 = 0.001m, 
Ripple formation is possible for orbital velocities between 

0.2S and 0.78m/sec. 
Plane bed with sediment movement will develop in currents above 

0.78 em/sec. VFI suggests that the megaripples are rolling grsin 

;ripples. 

Also, using T = 'lfd 
U­

max ' 

If U =0.78m/sec, & if d = 2._0 then T = 9 secs. max 
& if d = SOm, then T = 200 secs. 

& if T = 15 sees, d = 3.7m 
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Table: 49 Hydraulic analysis of megaripple using known surface 

conditions. 

From Fig. 13 (Sevenstones), orbital velocities 'at SOm 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: 

d = H kzo 
e 

and k - 21l 
- (9/

0 

)T2 
2n 

where d = orbital diameter near'seabed 

H = wave height 

zo= - (water depth) 

T = wave period (sees) 

g = acceleration due to gravity = 098 m/sec
2 

For the severe storms 

Assume H = 25m 

T = 15 sees 
-2 then k = 2w 0 = 1.79 x 10 

(.98/ ) 152 
2n -

d = -He (1.79 x 10-
2 

x -80) 
d = 5~9~ '(i.e. in the range predicted in Table 4S) 

Cross checking with J.R.l. Allen (1979): 
T = ,nod 

Umax 

T = n x 5.9 
.78 

T = 23 secs. 
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Particle diameter ( x 10 - 3m) 

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 10- 3 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 F8ir Isle Channel (FIC) megaripples,L/d 
is 2 X3 10 3 so that theoretical range of d/L is 
2 x 10 to 5 x 10 4 . . 

- 474 -



APPENDIX 5 

Calculation of accumulation and production rates SCS 



Table: 50. Total carbonate in SCS deposits (>75% Ca,CO
J

) 

NAME 

Gul f of Corryvreckan 
Passage of Tiree 
Hawes Bank 
Sound of Eigg 
Sligachan-Scalpay 
Rubha Na1 Clach 
Shiant 
SE Shiant Sandbank 
Sound of Iona 
Station Banks 
Barra Head 
West Hebridean Platform 
Butt of lewis 
Cape Wrath 
Nun Bank 
Solan Bank 
Fair Isle.Channel 
Fair Isle Sandwave Field 
North Orkney 
North RonaldsayN bank 
East Orkney 
North RonaldsayE bank 
Orkney Sounds 
Baas of linton 
Dowie Sand 
West Pentland Firth 
Sandy Riddle 
Moray Firth 
West Shetland 
Foula 
Northeast Shetland 
Shetland - Out Skerries 
Yell Sound 

Total 
MAX. 
14.7 
155 
29.3 
6.9 

20.1 
394 
242 
15.5 
133 
305 
37YJ 
50.1 
311 
909.8 
155 
5319 

291 
1824 
158 

3984 
64 

112 
30 •. 4 
31.8 
620 
328 

1680 
1552 

147 
1358 
673 

Weight 
MIN. 
0.7 
1.4 
0.3 
0.1 

LIKELY 
3.7 

18.6 
2.8 
6.8 

10 
200 
39 

9 
Min i m a I ? 

0.18 
3.5 
5.8 
1.4 
1.3 
2.8 

35.0 
0.5 
9.5 
0.6 
1.4 

47.2 
51.6 
8.7 

21 
583 
8.8 
4.8 
2.7 
5.0 

11.6 
22.4 
48.7 
13.8 

6.5 
12.0 
6.0 

NOT 

1.93 26 
37.8 509 
59.9 8 
7.1 20 

12.9 172 
30.0 390 
366 4920 
4.8 66 

102.7 138 
6.7 90 

15.4 216 
510 6855 
112 75 

885 1140 
88 27 

1609 1480+700=2180 
270 12 

27.2 70 
9.3 4-3 

11 •. 3 73 
123 234 
104 30 
260 700 
148 2000 

70.7 95 
130 1750 

64.5 867 
EST I MAT E 0 

Total wt. g 2 
Wt./area g/m 

Accumulation ov~r 
6000yrs. g/m /yr 

-ditto over 10,200 yrs 
g/m lyre 

23811X10~2 919X10~2 5099X10~2 22963x10
6 

1037 x10 40x10 22x10 

173 

104 
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3.7 
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Table: 51. Total CaC03 in high-carbonate (50-100% CaC03) 
N & W Scottish beaches 

Using, for convenience, beaches >40% CaC03 
Assume average CaC03 of 7m, by wt. 

Total area = 181 x 106m2 (from Mather & Ritchie 1977) 

Possible thickness(m) 

Volume (m3 ) 

wt. (g) 

Accumulatimn rate 

(g/m2/yr over 6000 yrs) 

Max. Min. Likely 

412 

724x106 181x106 362x106 

474x1012 119x1012 237x1012 

436 109 218 

Table: 52 Orkney area carbonates 

Total area of deposits = 3809. x 106 m2 

Max. Min. Likel~ 

Total wt. (g) 7152x10 12 687x101'2 2920x1012 

Wt./area (g/m2) 1878x103 180x10 3 767x103 

Accumulation rate: 

(g/m2/yr. over 6000 yrs) 312 30 128 
2 (g/m lyre 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 106m2, then 
Max. 

Wt/area (g/m2) 

Production rates 

(g/m2/yr over 6000 yrs) 238 

(g/m2/yr over 10,000 yrs) 143 
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Min. 

137)1. laS 

23 

14 

Likely 

97 

58 



Table:53. Accumulation/Production rates for SCS high-carbonate 

sediments (50-10mo CaCO~ 

All deposits (> 75%CaC0
3

) 23811 

Carbonate-rich (50-75% "") 13783 

Beaches (40/50-100%) 474 

(Nearshore production 
areas) 

Total weight 

wt./area (g/m2) 813.9 

Accumulation rates (g/m2/yr) 

over 6000 yrs. 135 

over 10,000 yrs 81 

Min. 
ex 1012.9) 

919 

689 

119 

36.9 

6 

4 
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Area 
Likely' ( 6 2 

()l 10';) x10 m ) 

5099 

1378 

237 

143.6 

24 

14 

22963 

21908 

200 

(+1800) 





APPENDIX 7 

Bioclastic carbonate sedimentation on a high-latitude, tide­

dominated shelf : northeast Orkney Islands, Scotland. 

Farrow, G. E., Allen, N. H. and Akpan, E. B. 
Submitted to J. sediment. Petrol., April 1983. 
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"'ekenmn4 ap4 " ma 

Carbcm&te aeclS.mclte U'tt t01'lll1DB v1del.7 on continental shelves in 

hisb lat1~, both DOrth l1li4 IIOUth or the Equator (Soot1'1n at &1., 1980, 

p.345. bo, 1981-. 11). .AlaoIit au the _tire Soott18h OODUDaIltal. u.lt 

18 00ftnCl vitia au1Iaa&M-Ace1n ste4 sed1lllmt, that t.=aII4 the ~ be1Jle 

the panIIt • 

• pnect ,..,. 11M tift am..- 1. To a-aubate the 11011111 V ot 

the ou:bou.te NDIla, 2. To 1dllllt1{y the d.aII1uDt 8bletal. contributors, 

3. To cleecribe the tlC&te ot b1oero.1on, 4. To p~a • sed1mlDtat!on 

IIOdel, 5. To ...... rates ot cubonat. ~cc. ........ ld:;on. 

GtoIQfd.cal. SeWV 

• 
• ~ COIltrut ah&2:plJ vith othft Soottiab anu tbaot haft lIMa 

.~ clao1ate4, lJ.U tbe I=- Jlabridea (P&ftuv at al., 19'78, J'aftOV. 

198') t= bin the ... fl.o= 11M • .motb£~. J..ba1l.ov plattOl:ll 

ot ])noca1C1 l.'OCJaI 'bcm!.en the eu1i£A Bide ot the~. V1tb1n & tft 

ld.lcm.tzoea ot the GOUt the eeabed azop •• teepq to & ~ tlat U'tta 

that oo1Do1dea V1t1a tha e4p ot & ,-""!riUB10 su'bcmIp. DQth SBoNu.s 

~ ou.hon tJ."Ca ,a. to 100 •• vithm tha SoImt':. 1t 1" a-eralq 

1.s t1ID 30 • (1'1c. 1). 

PatcbH ot QaatftDa'l7 'boulder olq orop aut looallT on tha 1sl.aDU. 

sl"riIIB r1H to -=-10 beaah .... &114 .tntche. ot l1thio INftl vith 

Uolate4 'bouldeft. 

Php10al 9",,\U19M 

'b to11awillc ~ 18 a:a.ote4 baa tbe aaellAat sen.. at ape 

pUBW. woctq 'b7 lM l1li4 ~ta (1981). 
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Temperature a!!d §&l.Wtz.-The mean sur:t'aoe t.peratu:e 1n winter i8 7°C 

(Fab1'U&1'7) and 1n SlDaer 12.50 c (~t). Bottom temperature. are identioal 

to the IIllrtaoe tem.pe:ratu:e 1n winter but one degree cooler 1n .!ueuat. 'l'he 

B&l1n1V 1. OODBtmt at 3~~throu&bout the year. 

~.-IzI. tbe AU.tio Ooe. Udal ou:rnDt. are V8r7 W_, but as the tidal 

,..,. ~ tba ahaUowr a:NU at the lIIm:apem ocmt1netal lhelt their 

-..a1tuda 1D=eM .. ~tlT. '1'h1. etteot 18 pa:t1011lC"lT IIOUoeable where 

tile Ua. 1e =Oed tbzou&b D&ft'CIW ~8, .. 1n tile Qdcup (ftc. 2&). 1., 
aJxnald 'be _ted that ....... "Uh 8~ U4&L 0IZC'&t. are IIOt reunllT 

.. 8OO1&t84 wUh m abn.o"'a1J7 larp Udal 1'IIDP (P'1g. 2b). Mu:I.-= apr1q­

ua. ou.rrezlt. an IIIOre thm tour mot. (2 ';.eo) beWea the IIOrthem i.lmda 

altl:louah the Udal %'IIIIp 1. cmq 2.5 II. W1th av.oh •• traDe tidal nux tbere 

11 110 I18IIe1' 8tr&Uf1cat1C11l ot the vater ool\mll. 

i'''', p! Wme.-.ramw:;r 1. the IIOIIt pl~p1'CID.8 IIIOZltll, with v1DdI .ett1ng 

t=- tile .outh or .CN. ... t. SIabItmtiail C\Il:rIIlt. are .. 8001atecl with v:lD48 

(Jo!IaaCill., 1978, ».215). The woret VII'f8 1;0 be e2P80ted 1n 50 1Q1'II 11 

pred10tecl 1;0 reach & bei&ht ot 30 • l1li4 pett .... a perio4 ot 15.5 aecoa4l. 

Ke1jlp4! ot Stp4T 

The 8fta 1IU .tad1ed 411Z'1ng ~ 1977 OlD R.R.S. 30m ltaFH Cruise 10. 

Exteu1..,. (lUI P1Dce (~.5 kDI), JCelT1n JlIaMtI III 47 B14a-Soa SOIIR and SIIIW) 

~ u.. wn Z'UL !a4tomB wre upped all tha1r 41Itribllt1cm 

0CIIIP&1'ecl with that obta1Decl t.ma ~11 ot l1nB. rim 1n the apr1Dc ot 1914. 

150 bottcm • ..,le. wee OOU80ted (ftc. ,). StaUou CIIl 1'OCk were sampled 

with a lese 1'Oak d.re4ce, tba 10ft ~ with & .,. pal) or 8IIOhor 4re4p. 

!tIoh ot tile t-=a1n .. 1'OaItl, with .nual 4redcM 'be1ng loat ad .iPt 

.tatiaall 7ie141nc _ -.pl ... 

Sld.pboad u.u.t1oaUoaa ot the 1&1:p&"> SIoGZ'Of .... 11101u4ecl both 11..,. 

ad a.411DU,.oa, tba a.aJ.U .. _dK 'be1ng &11 bM1; 8~t1tat1..,., 
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thouah valuable in sbowinB the abundance of Uv1J2g Gbp:vmoris over DNCh ot 

the area. Beoause ot variable recover,y with the ~ grab, deeply buried 

livill6 1ntauna 8UOh as Lutraria IIIWIt have been missed; their presenoe bein6 

indioated by' dead ahell •• 

Sedillleat .urple. vere returned to the laborator,r, where percent 0&00, 

".. clotemiMd lIT aoid di ... ticm., l1li4 pri.Do1pal OCIIIIIOJI.8I1ta identified in the 

6~}D - 2 - !'nct1cm., tol1ovil1c apUtiWIs l1li4 aUt aieviD& (Leea et al •• 

1~). lfore tha ~3~ sr&1JI8 vue acatteft4 onto & .tioq plata. ID4 identified. 

IZI4 OO1mtecl UII4c the b.tAoOlJ.1c lI1~cope ~ to MUllIID'. (1974) 

ar1ter1a. 

366 shella frail 26 .tatiOllB vere exIIIIiDe4 for bioerosiOZl. All vere 

.tud1ed UDder the billooular II1cro.cope. ICIIIII were ~ra;re4, otherll imprelD&ted. 

with Epo-tex resin tor s~ ot boriJlc outs, IID4 IIIIIZQ' were p~ tor GEM 

~tiOZl. 

Oood e;eopb;raioal ooverap (part1a\Olarly lici .... om .cm&1') 18 available 

to ....... eabed III01'pholo&?" sediment d1Itri'bllticm. l1li4 lecUaent th1olal.s. 

(Fis. 4). 'l'lw quallv ot the aidesem data 1e seneral.lT &1)Od 8IIOUIh to 

ciel1ne&te the -.in boUDdari... 0OllllPu1.on ot the 1914 eZI4 1911 recorda 

1"e'ftala major difference. in seciimclt d1Itri'bllticm., h1&hllebtiD4r the IIIObW V 

ot the ccbcaate • ..u-t (.ulen. 198~). 

l!ooJs pl Se41aat D1atr1'b1lti= 

Jcop are .. ot ban zock are ape.ad aroUII4 the 1e~ ~ Udal 

1114 atom CUft'Cta are pct1O\\l.arly a'b:oaC .. & ren'L t ot ahallow1zl4r. ~ 

OJ: obtltno~ nob .. 1alIZI4a .. pCuulu. J. zooq platrom , to 10 IIa 

vUe ezteada alaac the e .. ta::n aUea ot _crib icIa&ldlq. SaDIlq, S1:cm.aq aD4 

Me'D] 8114. Looa11sed. patobea ot a8II4 1114 Faftl U. 1a bollCMI ad CNri.oea. 
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A IIII1Ch larpr area ot rook was expoaed in Spring 1974 thaD was aean in July 

1977 (Fig. 4). S1m11arl:r. the broad ric!e'e runninc northeut !'rom Papa w.strq 

(clearl:r Been 111 the ba~try. FiB. 1) was mantled in aet!..1.ment conred with 

-8II1'ippl.a 111 Jul.:r 1977 (ftg. 4) but ".. expoaed rook 111 the Spl'iDg ot 1974. 

'1'!d.a ap1n 11l_trate. the ~ IIObillt7 ot the carbaaate material. 

BIcteM1 ... tzaota ot ~ OOII1'8e .... aa4 srawla ~t17 ooOUZ' 

a43aa.t to the ~~t rooq areu. 'J!hq..,. haw a msr1 •• thioblna 

ot up to 30 • ( •• ~. a.ad. MIlk ~at. ot .orth Bonal,4eq), but em &ftr&p 

(Illen et a1. 1979) 
:ba _ter1a1. 1a p:obab17 beWe_ 2 .ad. 5 • WakA J'JDe aa4. macl1\11 aaa4e occur 

CIB the ope, cleeper .helt where CIIZ'HIlta are weaIcer. their thicJawe. 18 

~ 'but ia unl.1kelT to be more thaD a tn _tree. ~.111148 and .1IIIdT 

IIad8 occur 1Dahon 111 .bel tered. baokwatera auch .. W1~ J'1rth an4 the ~ ot 

r1zkwal.l 1Iheft the7 blaabt m \ID8'ftIl rooq nbetratuaa to a depth ot more thall 

10. 1D plao ... 

Ops Shelt.~ the flat, ope abelt th£e are alll4"..,.., aaa4 r1bbcmll 1114 

-sa:1ppl .. which 1IId1cate oloolad. ••• acUmmt ~t ~ the 1.l.cIda 

(ftg. 4). OIl the IIOrtlwm a1~ the • .xl vaTft .trike JICrih - south 11114 taoe 

e .. t. -SU'lPP1- haTe an obUqu or1etatiCIB, atr1ldll« JI01'tb.onortheut -

aoutb-eOUthweatl _1114 r1bbcmll tNrI4 VIIIt - ... t. But of the 1al.clda the 

... ..,.. aViD VIIIt - ... t IID4 teo. aouthl _prippl ...... a JI01"tbIut -

aoutllRet aViDI allll4 r1bbou tre4 JIOrib - aouth. 

Sad. "n!se.-b lea- .aa4 hDD &11 111m ua.. a_ "..,. .,-.tt. CIB their 

'beaIaI, a roo4 a.p1. bai118 the b.ak 5 laD JIOrlbwHt of .orth Bonal,4eq (ftg. 5). 

JIcoe the aIIII4 ..,.. are up to 15 • b1&tI with "..,.1aq1;ha ot 200.1 all atrike 

~tIIiMtIt - lIOUtbeut .ad. aoat faGe aoutblleet. .,.....,. the MIlA VIIftII CIB the 

aoutheutaa aU. of the beak are teo1Dg lIOZ'tbeut. '1'h1a 1JI41cataa a c1roula­

t1aIIl of a.u..t coaa4 the MIlk a1a11C' to thai! c1HCZ'1bac1 bIa l'ortb Sea 

bcIb (BDubo1t, 1968, lfoOaw, 1971). ~l .... aoo1atacl with 11M a. 
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waves are ori8l1tated north - 8OUth. Both 8U1"ft)'II show the blmk to be ovoid 

in plan, but in 1974 1 t was totally IIU1'%'OUZI.ded by bare rook, whe1"U in 1977 

1 t was distinctly %I.81'rOW'8%' and oonnected with the sand field in the west by 

& tozI8wt ot sed.t:mellt (P16. 4). The 1974 apaD:er profiles show the beDk to 
i$ 

'be about 20 Ii thiok. .a. substantial thiolaleee ot oarboDat. aed1m8ntL ocmt&1ned 

v1th1D 1IhiII t_tare, u.. wbo1. ot vh10h IIq wall oaa1et ot oa:L'bcmate sa4. 

~ 1t 0CNl.4 ..... a con ot 1IDn1JIe, or n. nworJced ~ ead 

p1'OCluoed c!m:1IIc l1li4 ~tal7 anc tbe 1D1tial, %'Q14 Boloo8l18 tauer-11 ... 

period. '!Kms w.. iato .aco=t, the thioJaleee IIdopted tor tba ellll4 bale 18 

5 Ii (!able ,). Other baDb u:1et eut ot m.piDaq, south ot Stroneq, .. t 

ot lforth Ranald8q aa4 MrtMUt ot w .. trq (Fig. 4). Tha.1J.o origin III\28t like­

vis_ raaa1ll in doubt until 10Dg vibrocores ..... been recovered from thea. 

M!w:1P' ot tbe Row Pltttom.-Eut ot 5aD4q IZI4 S~Clllllq poolcsts md thin 

'NI1H1'II ot eecUact CIO'fW tile rook;r pl&tfODll. At tile edp ot thie plattom 

thEe an v14e ... dJ .. t-t1lle4 orftioee .. pll.,. oaa.t:01led 'b7 t.I:aotu:NII 

and taults 1Il tbe bedzooat (1'lC. 4). '1'h8' pll.,. 1 ... ou:th ... twuda to a 

alope wld.oh 1. 00ft%'ed vi th .e41mct. .1t tbe bu. ot tba elope when the 

•• abed leftl. ott tbare 18 _ a:tae1 ... a.el4 ot .ad ..... that tao. eGllth­

warde. 'l'h1. pattft!\ euaeete that 8e41m&t 18 II1p&tUIg ham tM J."OOlo' 

platfcma OI1to the 8JIelt, vt.re 1 t ~1D8 tba 8GIltbarl~ 8JIIt - desori'bad ..... 
1m 1114 Ijggp".-!ha 4181=1ln1t101l ad ort_tat101l ot beU~ in the iDIIwr 

C'e&8 1. 110ft 0CIIIp1ex ad tba IIOIl&%' oonnce 1... I14equ&te tor 4et&1lad 

di8ouae1cm. J!oweve, 1 t caa b. DOted *t 1n !forth ScND4 thue ooour ~ 

ll1J14 ..... , .. prippl .. IIJI4 8l1li4 ribboM which ftneet CCIIPla OU1TCt 

pattezu pro4uaed 'b7 tba c.wiUpaoe ot ~ ditf8ftl1t chaD8l.e. ac.e ot tbe 

.aa ..,.. haft 11ImInw onate IIJI4 an l\1D&te, vb1l.e ~ an Tirtvall.T 
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SSDll?NT MOBILITY AND ARF.AS OF ACCUlrouTIOW 

North RODaldall North Bpk 

Very pure carbonate (9~) sed1ment is widespread in this area. It 

is coa,... with. biBb granl oontent (25%). 

~dal oaz:ct oaad.1 tiau are not well doc:uiaIeDte4, but thq are stroDg crnr 

tbelta U&'NIIon anu (up to 150 aa/.eo) ad au... 1D sae p1ao .. (300 caI.eo 

tt Admiralty Pilot,1975. 
o tile DOribaIa .. of lrorth &aaJ.48q) I. DuiDg II08t veatbe 

0CIIId1t1au, _tcial up to OOC'H Bad ua vlll be IIIDft4 u bedload 8IId 

~ load 117 peale ti4&l aurmalt flow, alcmg with tp:a .... 1 - srade IISteri&l 
(Allen 198,) 

U badlo~. ~ s8'f'8re 8IId ex1:aDe .toDuI 8V'fIft oona1derable qu,mU Ues ot 

grsnl - grada 1D&teri&l ...,. be IIIOV1Dg .. 8U8pended load. 'l'h1.s oalculated 

biBb IIIObU1 V exp1a1Da the radical d1tfarenoe 1D sediment distribution 

recorded 117 IftU"f'87'8 taJca dur1Dg d11'terent .euau 1D different yeare, 8ft4 it 

&lao npl.tn. • c1attaoe ot 1cop anu ot baft root. 

The hiah pwdJ,0te4 1IOb1l1 t7 18 OCIIIIIP&tibl. w.t. th the ai.teo. of ..,.,. 

1cp-eoal. be4tcmu in the area (J'1p 4, 5). In the deeper IlIOn ottahore 

lC'tII tbere aft low (1-2 • beJ.sh1;), ~tr1oal sBD4 "..... 1DUoat1Ds 

eutwud 8~t ~, 'but the lforth Raaaldaq B'orth sBD4 bank baa a 

lC'p .flZI4-wsn tiell! on it with veat-tao1!lS 8teep .1ope. iDtUoat1zl« Bed1aeDt 

traupori in that 4izeotion (PJ.g. 5). 00y OIl tbe .000theutem tip of the 

'bak - ... t-tllGiDg eIIJI4 "..... reoozde4. Thall tile .U14 bank 18 located wMra 

the 100al tZ'Iuport diftotion 1. vea~, a,ppo.1JIg the ~t eut­

IOUlg path to tile north. b buk ., thefttore be .1 ted in • 1ara---c&l. 

tidal W1'taz ot the Jd.Dd. ott. uaoc1.tad. w1 th ti4&l t10v rOUD4 headlllDda 

(~ .ad. lfMdoak, 1979) 80 that the bllllk ".. s-erated me! euataiM4 u 

a ren.l t ot • aBIUmIDt oUwlat1cm loop r8llul:UDC in at .e41aclt aocnamlat1cm. 

!J. .e4iaIct ell tIWI + 18 oaru14aab~ IID:N _tuft tb8Il the aBIUmIDt 

in tba ~ ana, ..,.m ftIIHUDc that 1t 1. a bpoUtiaaal .1te, 

....... 1JIaa1l, oaoa 0IIPtare4 ", the 8814 Nnk, ~ trapped ill a obwlailorT 
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syatem tor same oonsiderable time. 

EsaanUall7 the bedtoma are tOllll ed b:r tidal =entB, preuamabl;y at 

tilDes .. sisted b:r oso1llato:r:;y currents whioh increase the suspended load. 

However. the extreme ou:rrents pnerated b;r vaves dur1ng storms are probabl;y 

very' dnt1'ucUve, pari1oul.arq in aballow water such as at the tops ot saDd 

1IImI8 CD the lforth Raaaldaq lforth aeD! bClk, where aed.1lllent is probabl;y 

~ f'.I:!:a the top ot the bllDk. 'l'!WI expla1u vb;r at the CI4 of the winter 

in 1974 110 VU 'bzoa4er, with lover aCId ,..,.. (~7 .) than in the I'Ulllllltr ot 

1977 (aaDd "..,.. 7-10 .). 'l'bII daatruoU_ etteot ot stoD! __ on sllD4 waves 

baa been %IOted b:r MoCave UId ~o (1982) and Jolmson (19'78. p.251-5). 

~ (1974, pl. 6) baa %IOted Dim.1lar fiattezWlG' of ahellbaNcs in the shallow 

waters ot Barra, OUter Hebrides. 

'1'h1 •• 1IDIl-wn BCIIl8 (fig. 4) 11 .. CD the alope at tJw .. ot the 0d:u7 

pla~ (ftc. 1), wbfte cnJfta1la are nab tbat CU"bcln&te aec!1aen.t up to 1 -

ill ~ v.Ul be ~ aond, IIIUGh ot it ill auapeulCD(Allen 198:1).SG14 

flNatar thaD 1 .. lIN! pavel _ cz:ade _terial will be IIIOVIId as bet\lo&d 4ur111C 

the s~ tidal. OIJr1'tII1ts 8IIod storms, and a oertain ISIIIOUIlt will also be in 

IIUIIpeIIIIlon. !!Ie alope ie the 1JJIDed1ate 1dUIIIPiDC FCJUIIclI tor material be1D6 

swept ott the platroza. ~ CD the tme, watber, wa1lar depth, IDd 

gt'&iIl llise, II01'e ID4 IlIOn ot the aedJmat 111 Ih'oppe4 out ot II'QIIP8II81CD aDd 

..,.,. CD into 4eepe _teo u bedload, at p1"OGt'8aa1velT IIlowr rates. At ezrr 

OZIAI locallt;, the b1sheat ou:r::rent. w1ll 000= at th8 crests ot the ad waves, 

Ql)l~ the IIIClced difference in sr&iD .isa between the aaDd wavea and the 

~secUmmt. 

'.I!M:N 111 %10 doulIt tbat slDd-van tODl&UCIIl 111 a rewl t ot ooa:plez 

pl:I;p1cal intc.-nlaUouhipe. The "atCIQe ot the alll4.-,..,,-o field appears 

to fit the =1tft1a or MoCave (1971) for .--waft t=-UCD vb10h an (1) 

Mequate Udal ==-10 .,.1oc1t7, (2) lOlfo4lO4U'&te van .at1vit7, (3' a atnIIC 
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elongation ot tho tidal current ellipse. He also pointed out that the 

existence ot mee;aripples superimposed on sand waves indicates a combination 

ot bedload and 8U8panaion transport. 

(b the deep.~water limits of' this particular field, the fomation ot 

sllld wavea app8&1'll to have been oloaelT related to oria1nal seabed morpho1o&'T • 

.&ll al.ons the slope at a depth ot about eo II, a s.ries of st:oDg bed%oolc 

se1.uo retleotcml outc1:op on the seabed UI4 pre8Ulll&blT oz1c1J!al17 foDled 

mu:b4 ndau. tar .. allll4 ,...,.. an 1mv1&b1T seen ~ superilllposed on 

thNe t8&~" Before tM tOZlll&tiOll of the a_ "..,.. the.e features wulcl 

thaa.lvea have acted .. larp 'bedtoms' caus1J!g now Doparation at their 

crests and relativelY' low currents in their leeD, PZ""'1ciinC ideal oond.1ticms 

tor s!Dld wave tomatiOll. 

Mapped bedfom orientations and facing directions c0118istentlY' indicate 

sout.hwa3:cl lIecl1mclt trauport on the eut siel. ot Orkn.,- (PiS. Ei). ~r, 

t'u.rtbft to the IIOrth ad I188t tM ICIIIA of oa'bcm&te IIPrttada out ... twarcla into 

tM Borth Sea ~ the lim1 til ot tM imMtipted ana, ind1ca1Wl6 a .traace 

... t IIIId southe .. t OCIIPOJl8ftt .. a reaul t of the ou:rrenta 0CIIIi."'Ie throueh the 

Pair Isle Cha1mel. 'rhea. CNrnrltll an IIlIaentiallT JlCllPtidsl in ori61n (Stri4e, 

in Lee and. buter, 1981, p.2.26) m4 1011&'-te11ll aand traDIIport ill asoribed to 

the net tlmr ot Atlantio water into the lforih Rea, oesential17 C&U!led bY' tM 

lTorth Atlantio DL-11't. 

Cn.1s (1959, ti6. 11, p.16) •• t1lIatecl near-bottcll water drift as , laa 

l'8r ~ to the south, (ocmpared with 6 laa per d.e::r northweat ot OrkDq). 

On the bub of this, a aediment trut.aport rate ot aoveral kilOlll8trea per 78ar 

18 possible. 
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~ •• tabUBbed that larp bocUe. ot mobile oarbaaate BaDd exi.t 

uwad tJ» ~ ". DOW outllDe tJ» d1.tr1but1on ot the major produoers ot 

lIkelet&l ~te. 150 bottcm • .-pl. vue oolleote4 tor W. purpo.e UId 

..,. -- oate&=ise4 iDto eJ.cbt b1'oII4 poapa tbat 4epcId oaq CD poll. 

~ti08 tor tbNz cU.U __ t1at1OD (ftc. 7). I.t 18 1aponmt tbat 

tbti.r ooov:a: ....... be •• t iD tlw ~o OCIDteztI ot tlw !lOWe oaz:bcaate carpet 

lDdio&W 'b7 tlw Bi~O& 1DAl1Bi8. I'aDa&1 4eta:Ll. v:Ul 'be t0ua4 iD 

~ !able 1. 

CarbozIate produot10111 1. biBb 1'rcIII .hal1ow lce1p..dcmnated rook;T ree;lOllll 

(:rJ. •• 8). lJcb1.Tor01III sut1'o!;lod8 _ eoJWIoida are OClllllOft. Below 24 a 

ophiuroi4a ac.s..te, vi til &CIOU~ eob1JIo1da a4 .,uu.o.. J. TU1e~ ot 

bin;1.,..· .... 1m.... tM rocq ope. aMlt at abcIut 80 a, iDo'l'll41ll8 aa 
t'1aMm' 

'l'hII ~ of llUbetraw. IIOBt ~ aonatecl vi th oarboJl&t-~iDc 

epitauaa is a tloor or U Wo cobbl., eapooial17 wheD shallower than 30 a. 

lIere bamaol .. _ .erpul1dD are '181'7 abImdIInt. Orrllhore, Alsym1U11 dista1ip 

IID4 ~ida 4om1Date, Mitbltr ot vbioh proc!.uce B1.sniriOallt carbonate. Cftrtabl 

~O& -=aat tM ~ida IIDIl rom c!18tincti" hDllow-cetred ft04ul. 

(J'J.c. , J:ieIlt) I tb8)" also t01'lll 00IIIlP<"1II4 etr\J&)tIxI:n vi th eupu1ida (Pia. 9 

lett). 

Ex1:reIIe~ proUtic beda or tree-UviDc calcareous alp' oocur 121 Wide 

J'1rth (n.c. 1, 7. 10) iD a,t1~t but 1.:t ......... 1ft1e4 B1tuat1OD 1.a 

tUB 20 • c1Mp. .0 ~ita WEB .1IIPle4 CD tbI 0p8Il aWl, bawwnr. There 

i. 00DBi4eable ftZd.&tioIl ill porih fOlS, DOt ~ Upth related. 1Nt ... 

lIZOb&b17 a=reIlt re1ate4 (J'1c. 10). J. 1n1ca1 Pal,low F&'"l tauaa ot .~ 
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bivalvcs and. gastropods is associntecl (iLp'pI)n.:.J.,; '.l!able 1). 

The facies variants described by Boaence (197G, 1979) are prescut, 

with his clean alsal gravel (1979, p.456-a) better (leveloped than in Ireland 

in the more Iltrona'lY tidal i1rtha as in the Sound of Isla,y (iarrow et al., 

1979, £i6. 4). 

lfad10lu IpUpa 

LivUla' spreaQa ot the byssally attached hone __ 01 lWplWl me41oJ.up 

tom a hi~ characteri.tio ~ of .... bottom, with veqr hiBb carbonat. 

production 1'rcII the bival..... Sid .... oa records show th8I!I to be living on 

rock. The HOd1plus Ilp11'&UD& is £ully developed, as classicallY' illustrated 

by Thorson (1957, P.462) with aIIaoeiated serpulids, ophiuroids and gastropods. 

UPd101up waa more oOllllllOllly encountered l1viJlg in the Sounds than on the open 

shelf, vhare Ita debri. vas widely di.persed (n.S. 11). 

Kodiolu 'P"" Iim!!l. 

Oravula camposad or l-TPd10lue debris (F1c. 12) were the LleoODd DIOst 

f'requantly encountered we of sediment a!te the ahell-ollll4a. TheY' occur 

ave.- a aim1J..uo depth rIII&'8 to the liv1ns l·iqdioJ.up (20 to 00 III), but are beat 

developed betwaen 20 aDd 50 III. :i!alf the at&tiODB yielded the 11vin4r bival ... 

GlY'c;yperl. r.1:rsmgarls (n. •• 11) which ".. mol." abundant at the greator depth8 

(501m2 betw_ GO IIIId eo.. 281m2 betwc 20 era4 40 Ill). ~ 18 the .e00a4 

majcr oarboDat..procl\lCinc bival_. othe1- tcmal el_ta W1'8 di.t1n.ct17 

nnr but 1n.clu4ed otbe' rolNat f1ltc-f.ed1IIc bival..,... 

SbIll-tt1lll4a wze the .,.t ~'il7 eaoa=tend 'Qpe of .... bot_, 

~ touad in 10M tom ot .ad __ a (lip 4. 5). 'l'hq ooam:' down to 

era4 below 100 lito Sad. eel. Ct'"2?nM ap.) WC'8 IIOII8timBa enoounteed in h1ab 

dsDai ti .. 'bu.t 10M .ad ..... WC'8 ~ 'baftc. lIIMIre the HII4 VIII of 
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medJ.um ~ze and the bottom level, an inf'auna of' b1't'1L1:n8, 1rresular 

ooh1M1d8 and wom tube. was de't'8loped • 

.Al t..~ they are acOUlllUla tiona or remarkablY' pure carbonate, the shell­

san4. tb8Dael..,.. support IL nef!jl1p.ble oarboftate-prodt\oiJIg tlWll&. All the 

oarboftate has 'beeIl triDlPOried t1uR elsewhln. 

IZUMx tan'" 

....... an.tl.opa4 1ft "U7 IIhal1w 'baakwa'tew o~ the I'Ut1w (1'1«. 7') 

aDd. CIIl 4eepe pu'tII of tba ope 1IbIl~ .a:t 11'aI tbI am Udal .u.... 'l'Iw 

shallow wgtcme 11ft ehRGo'ter1ze4 'b7 IL l'8IJ88 of' amJ,ut1Mtec:t 1lO1'III tuheII IID1l 

th1n-ehelled iDf'atmal b1'ftl:ns with low CIL1:boDate-prcduci!lg potential. 

S08,1)bopods and serpul1ds appear ottshora. 

QcIboaate npplled 'b7 the UT.bIg biota is llDl1' to '" c!aiMted 'b7 

bift1..... wi"1lh beaaol .. , .~de, petmpocl.l an4 eolWIo.lda .. soo1ated 1D 

sh&llOWZ' vater. w. JIOV ...... tbI pet:l:afp:sph1o m.d8llGe tor tile wlaU' .. 

s18DU10aa0e o~ thetle 0CIIltnatec:t e1cel.tal ~ .. eed1aMt ocatri.'buton. 

'!'oW Psgetyp CKb9l!6';e e4 u. Awl YStticm 

All H41ae1I ~"'l .. ebInIecl wq h1Ib 0&00, pcoe .... aoept 1'1: .c.e 

~ .ecUact8 1D the VU. I'11'th Azea, .. a ~ td 1IIIIIPl" 121 Worth 

Soaa4 (P.I.«. 1,). '1'.be abaome1l.7 low 4'-5'" 0.00; lenl 1D tba latter U'8& 

...,. 'be ~ to 4ilutiOill "" the reworld.q of glacial dr1f'11, I: due to 1 te 

IIhIIltered position. msewlleft Wolue. nDP ~ 90 to 1~ CaCO,. ~ 
t1elds, vhezoe the sediMllt 18 ooaNe1', haTe hisfl81' 'f&lUH the a4,1&oent 

14t'1el-bottcla .da. 
BieclM149 F-=gp'!," 

- 499 -



VI 
o 
o 

~ r ... ... • 

I Iii t I I J I I !: I I I J ~ I! i I J ~ i 
11 !:, Ii 11i;11t;~lil·I.! Irf~IJ 
i I til iii t: i ! ! ! ~ : f ; J • : If! l 1 J J 
! i I ~ & i I f ~ f I I ~ f ~ r ~ ~ I ~ i l f ~ I t J 
~ i • ~ ! ~ I I" f [ i J ! f Iii ~ ! f ~ I ,. ! i ~ f t I 
J I I ~ i"f : ~ !! ,1, I 4, : f ; I ! I I. ~ 4 1 ! 1 i ... Ii ml\tlig; "ill P~i·1I [f8st- I 

rll~i!lioli I· Ii· r~i· ~:i£II,~!i_l~ ~ 
· ~ I I i I; ~ Ii I I I 8 ~ t I : ~ ~ i & f 

f I f i, ~ ! t ! ! !. l If i ~ ~ ¥ ~ ~ If f I ~ : ~ ~ ! , r 6 6 ~ l I~' I r ~... g t 5 f I ~ ~ ~ f g;gl- Ii . t5- I f ~! !:;' ...... I f ~t. 

( t i ~ i i : ~ i ~ 1 t g Iii ~ l i i { ~ i ~ f ! f 
; i ~ i i : Iff I I! I [f i ~ ~ f I I ~ ! f i J 
j ( ; j i fIr I Ii f I 'J 1 : i I- J, ~ ~ i i . ( .... e : ~ I ~ .. I Ii .. 0 

"'I ..., • II ~ ~ , I g-
~ -. -



! iiI I I r 1 It I j;' ~ liP 1~ ~IU 
I I f I "H r I J f I I i I f ~! ! l ~ I ~[t J I I f r ~ I(f~~II ~ ! I ! f ~ f I 1ft w ~ ~ i f 

J • • i . f f f f 111 , ~ ! f f j;' 

I ~ iff · ~ · I I 1ft f i ~~il [~., .. 
8 I " ! 

J i ! f J j I w I ~ R II ~ 
U1 

i ! I ! I : i ~ ~ ~ I f r I ~ i i 
0 

-- t Iff I F ~ I · l ~ ~ I J f 8 I I f r f I I , I ~ I I [ i f ~ f If! ~ .. flo I J tEll II II • i I I t I j;' f f ~ J J r I .. ~ .. ~ 0 

t : f ( I · I : f 
f:;ft~tl il~[!f I ; ~ I til if! f I i ~ I ~ I ~ f ~ • I I ~ j I r I ~ I I i ~ ~ : t i ! I" t ~ i I I , i Itt 1 

! 8 t ~ K 
! i { I f I ~ I : ~ · 

f I 1 ~ i ~£ffl(' 8 ~ I f i . 1 I ~ ; I • 1 0 Iff t ~ I I t [ f i J I . f I If' r i , : I J I f I 5 f 
9' • it' I tl.f 3 I~· 



ftc. 16 

-1~ 

t~ to t_ w.ac aacnaalaUCIIU, tm: taw o-.1l1zw &1,.. .:N 11OY.,:o~ 

(l.dq, '970). JlelaU ... q ~M piece. ot l!m!atolltbm o&1.oH!1ll f':I:aI tba 

8oaa4 ot laaa (IImfto Jlebftde.) haft 'bee 4&tecl at ~t.q 4000 B.P. 

'40 date. haft bea obt&1lw4 t~ the 0SzIe7 cvbclaate. (.uleD, '98') 

bIlt tbe~ mtRpntat1C1a 1. b.r DO • __ .~ttowazd. the)" v111 be va.t,,­

up Mpaateq m .. CIGIIINI. ~ IIIIF IIbov a ~ of 1300 ,..., 

~ tile u.. &1zMIb' IUMCl t. __ Itadl' tbat tbe Md18etll haft 

.Ae. I ~ 1IildIIc.:rat' I, un..n blotlaiO 0I11III __ tri ... , 

411rInIat ..... bl-n.l. .... > eapa11U > ~ > ~... Ira 4&_, 

~, WI ea11e tba Boloo.e. 

Iaa att.ptizlc to --'ta14 ill» ..... m wh10h tba paftl-e1Hcl uteri&1. 

bIocMa =- 40tIl bet .. bemc n..u.q tn.poriI4 b.r .... -. t14al ou=cte 

a total ot 366 1bIUa· -. &lp1 ~ __ II1Iatie4 f':I:aI 26 nlllU.oDl ~ 

a. d8piIa z-... ot 12 to 10k' (j,~ !L'U1., 2 ). StaUau .. , mat .. , CIa 

ftc· ,. 8be~ !laM, 1"IID81, ...... ~ -. ilPClllPl WIN ldatU1H, 

pl- pu1Dc e0JWa014ll IDIl .uuac::.. 
8bel1-baftq a1pe WIN tota1.l7 ~ b.r two apeoiel ot ohl~., 

OQnobiw sme!retM lad _t1& lyopla. (lla. 15). Tb18 OClat:rut1 vitia 

otbe .... ot ill» 800ttllh aU an' ill» ~ "oaaohooeUI" 1. 

A-D-t (Clok1e It &1.., 1m, lazov -. C1oId.I, 1m). J'Impl bariIIp 

-- &lao ~ 1datUie4. 

v14e1Jlftllll ..... tAtlloW bT ill» 'banDC ~I s.t.sa ... Iad~. mW1ga 

(lla. 16). 0 ~' .... ,... of • Ibe1lIlOt II!IowiIIc IIpaIIII bariDp WIN 

atfeo1Ie4 bT JIboz.i4 ~ lolzdgrt lIariDp. 

l\Io ~ t.n- of atal ...... WIN __ .. .a.u., tboM· of ill» lJ8,pet 

'-T'M'. (J'la. 17a) ~ ~ clinizlpS"" f.LoIa' .... of tile 

obi""taa 1«p14pp1epp wPM (ftc. 11b). !be bite. of ~ MhfDojb 
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BathyM1;;1q Di.$#bsticm, 01' B1O!lj2,iqp hoot .... 

'l.'he .tteota ot tU .. ft1'al 4aa1nmt ldD4a ot bioero.1OD u. 110t rlDdall7 

41Itz1lmed IaOH b _U (ric. 18). b mm_ cl!pth traa which bonne 

alcM· __ ~ .. ,., •• a 1m1t !ban4 b7 the l!apet W1ch teed! GIl tbe 

IIIcM (h1:rov l1li1 CloJd.e. 1m). '!Ili! alat1C1D11hip. ..tabl1Qe4 in tbe ftrth 

of~. U ~ .u.tat1atacl 1D the ~. Wen a cl!pth alat1cub:1p 

--- tbe ... of IIbeU lIo:n4 _ &lIM .. tbat IHM4 b7 ]Japet. 0_ be 

~tacl (n.. 19). '!he b1olOC1oallJ' _uun4 111111: ot thIt npbotio .aa. 

UCM:I4 tba ~ 1. thu '9 m. or .UsbU7 4Hper .moe tU DD1'III&1. 1Dd1oator 

·oaaabooelU" 1. IIOt paleDt. Zob1ao14 te.th ~ wa tOlJD4 ~ CD abeU. 

tJ:aa gptba .uJ.lowr the 3Oa. *1ch ~.o _111. a I:Ierb1TCnU 41.t. 

~ _ tuaP. ~. b1pIpp 8114 epaaa. ... IIOt __ to be 11111ta4 
• 

_ 1;M ftIIIboUo .... a='''''' tt. efteot., ot ahitclll ptIII4q. (~. 18). Cbj.tcIIl 

a4a1a II&Ib __ ~ tGaDll at pMiIa cI!pth .... tbq tn10allT 

D1b1t1I auol. 10 .. ~ Cllozes&. (I'ic. 17b). po!81b17 polilb1JlC ott ~ 

.uole tilINa. S1ICh lOO'1l1saUOD of latin V baa alft.q __ rQO:J:te4 b7 

Tolct (1m). p.m) t.r:ca a !il.maHii' dZ'!dcH traa 120 m 111 * w.teD BDc111h 

~ l1li1 ,.. II-. ~tlr cUaoo;wec1 it OIl !ilmlg1' tzca 1;M 

l'1e~ Jlec1 ONe of Val. ____ tha-lue. 

!lIMe OODt:nnec1 ba __ tno 41It1'J.lNUaIII -ne- to bolcl ... p&l •• 01 

ooloci4al.~, __ .t~. (1982) ~ ~ a-.tfttec1 that tIM 

I1p1. ~t pu1Dc alaUOIlebfp .. 111 a:1a~ 1D b Albia. 

IIpUIIIDIl ~ til. tIa4 to be riobIr the iDtlllDll _. both 1D 

---- of tpeOiea 111111D total. bt.MI. kAy .lId ~ (1,.".) II-. ebcnIa 

~ toe in~ ~ We ill 8oII1ItIMt ...., ... wII10b .... _ ..... 
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~_ *- a.- abel~ (fUle :!). 'DWI ~tn" 01."17 tile ~ 

o~ ... -dl __ ill Mh1~ h1ab ftte. ot oer~ JjCOduDt.1aD. 

!!li. Ie 1l1uetftWd I:IOn opeoteoulcolT IlNGh tN'ther north thas 0Ir:II:ae7 

___ oanaaaw ct.poeJ.t aD b ,... IlcefnaW loellD4 abel! at r .... 
Bae pc tal ~ lNtfiOUat to ~ tile ..ua loelald. ___ t 

S:uIIW'*' 11M t.s.w to ~.ta b ltJ.GoluUo 1"I"1U"ft ~_ .. ll, 1977. 

penl). 

1. MoolaUo ~te. __ 1:.ha 90X c.co, OGftJ:' IUII,T 1000. ot Ka'l 

~ ooa1:s.a.~ ct.lr at 59~. 

2. 11_ .... , 1IaMo1 .. , ~ IIIC1 .."al14a 4ca1zlat •• 

,. ~ 111 hl&bMt ~ tile NaplM EpU ...... 

4. ltiOft'Olli. '" aJ.sd. ~, 1UIptt ... eob.IDoU ~ La 

1IItIIMe·vttlda ... ftJ,IboUo __ (ae.. to _)I epaap bodJIc 
Ie 1IM ___ • 

,. ~ ill -'tu. deNa tilt 100II 1IDdW b ~1De4 !ftt1,... ot , 
waft -' Udal eawab. ...."... ... leND' IIIIId n.ftOIm4ed 11»' 

..... ' -- iIa vsata lid hi&I*t ia -.. 

b. ... an o1ookv18e -_"' __ pan path ill ~ ~ ..., ... 

. ~~. 

1. JIIIOa" -+ lJU.14 ~ ia olzftl.at1ca ~ .-4 117 be..u ... 
....... .. Utd flow, Cot. hl10w Sea a.p1. ftoe~ :!eecri1lec1 

117 Geia lit &1... 1912) 0 .. 
10 ~.--1 ... at ~ to 540 6/.2/"p jn '+'A blat at ID 

..... ot." .,.2.", r.. .. _ttft~'_lro r.oa.l ft_..,. 

......... ~ ~ iIa the· WDp10e .. A nnlt or tIMt 

........ Uac ."... .~ ..... til&1. Ua.g=t (!aUe 4) 0 
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9. 3ecUmmt&UCIl rat •• an ot the ._ ord.al: .. tho •••• t.1lllated tor 

11_ ZeaJ.a:ad. Ol~ akeletal. oarboaate. bT lo/.l_ (1978), 

~tely 10 0./1000ne ~ with 3 om/1000 ne tor the 

IIl't1ft Sootuah atIelt aa4 2 0./1000 1Z'tI tor the ._ z.aJ.~ 

Ceaoso1o (~l. ,). 

10. ~ b1ooluUo ~ ...... hi4Ih pzoe .. rraUCIII po'teUaJ., 

-me def "'l'tl7 0faP0_4 of 10" M .... I,& Caloit., _ npnlMDt 

_ ... u.t ___ -..l0C'le tOJ:' aoJ._t bf .......... I7' oabClllate 

The a.,pl.ee _ *iob tbU ~ ill buecl _ ooUeoted JD d.Ut1CNl t 

---. W. 1IIIIIIII. 0IIpUiA 1'taU1p WaIM .. hi. ott!ooft tOl: tbe~ tine 

.e .4p, -.I ella' toUow· 8O~tiat. !.'eft7 SootfJa,. JIM&1:1oe Cuaoi, 

Ka100la PJw' .... B1ria ~ 1'0J:' bu help. llo1Wa Pwel1 ID4 lkIJa ClabRlIII4 

,... J.'NJCIU11a1e tOJ:' ~&l pili'. :sm. .. B1'OWl 1dentU184 IIIIIOh ~ the 

1'.... K8loola P,r. ~ OIR b ' X-aqizlsl Otuari L&1dl.aw prooe8MCl 

the ~t .-,ple.. JIbo~ w=k wu b,. DcnIsl .. JIaolec. lleZIIWI 

AZ'4WI kiIIIdly .u.o.a u to 11M I.G.s. b&~V1o dat .. 

'DIU -- 11M .... poe.lb1e 117 a _1IMftb __ t ~ b Ha'Wnl 

~t a-__ aca..oi1 (aa,,26,,) ~ to f-=ow _ Saot1'1D, 

bT - I.G.S. OOQtnot ri1IdaUlblp MMdI4 to AlleD cui bT • Jf~ 

10' .... - .-.s.tu1p ....ucl to Akpaa. 

a..paaih1UUoe ill 1M lftPRaUa of tb18 -.=1pi WZ'O. 

G.J:.7. ltottaa .... , ~to-PL'041Io1Dc ~, paftl~ ~t;a, 

lDtopau., • .LA • .....,.1oal uta, .1114 r.-~" .~, ~tlC111 

ft'" B".A. lt1oanIilca. We tMak .1_ D. JUlliaa ell a.D. JCni .. t. 

theu paoeptl ... OZ'1Uot.., *iob JaM ~ the pIIIpa. 
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Latitude ~025' • 59°251 • 59°001 B 59°04' N 

Longitude 20~,·V 2°40' V 2°30' V 2
0

51' .. 

30rtb Hortb But Orkney 

.Ana Rona1claq 0rIc:nq ortaIe7 Sounds 
IIortb' Platrom Shell 
Bank 

Vater Dep~, u..;~ ~-IOII ~~ o - 50 III 

2 .Ana of deposit (D ) 21.1 x 10 
6 1140 x 106 

100 - 1480 x 10 
6 >70 x 10

6 
* 

Carbonat. Content 0') 99 90 - 99 (95) 15 - 98 (ae) 75 - 96 (65) I 

'l'hickDess (.) i- t3 (5) (0.5)· 
N 

.)·01 - l. (.) 0.1 - 6 ~3) 0.1 - 2. ~ 

2 6 I 
Total. vol._ (II x 10 ) 26 - 191 (110) 11 -'2280 (1140) 648 - 4980 (1609) 7 - 140 (35) 

Total. w~t Ur x 1012) 21 - 158 (if) 9 - 1824 ("5) 58} - }984 (1609) 5 - 112 (27) 
U1 

. AIlcUllml.atioa rate 130 - 940 (541) 1 - 2 ... " (.2.~) 45 - 30S (1.1.3) 11 - 267 (65) 
...... 2 (<<I- Irr crter 6000 ;rrtI) 

!!!!&!. a'le!!!?;! ~ averue £!D&!. .!!!I!5!. r!!l'"I{! average 

• no good 
indications of 
thickness or area. 

Table 2 Calculation of ca=bonate accumulatior. rates for four Ork::.ey localities (after Allen, 1983) 
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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 CaCO} occurring on a hummocky, rocky, waveswept platform which 

is a site of present-day CaC03 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- . 
. M 

ments must be expected. for example 5 x 10 J/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 playa 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 environmental 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. comrn.). 

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. 

Sal ter 's 'nodding ducks' (Fig .1"'59) 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 ale 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 Bar.) 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 s 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 ale 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 cauae severs 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 CaC03 may 

change. Also as the rocky substrate becomes buried under 

sediment, so the nature of the CaCO
J 

producing fauna will change. 

These suggestions are baaed 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 
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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. 

REFERENCES 

CLARKE, F.J.P. 1977. Status report on the alternative energy 

sources. Atom, 252. 

KOMAR, P.O. 1976. Beach Processes and SedimentatiGn. Prentice­

Hall, New Jersey. 

t~ATHER, A.S. and RITCHIE, W. 1977. The beaches or the Highlands 

and Islands or Scotland. The Countryside Commission for 

Scotland, Perth. 

RITCHIE, W. 1971. The Beaches of Barra and the Uists. Report, 

Dept. of Geography, University of Aberdeen. 

MOLLISON, D., BUNEMAN, O.P., SALTER, S.H. 1976. Wave power 

availability in the NE Atlantic. Nature, London, 263, 223-226. 

PROBERT, K. and MITCHELL, R. 1979. Wave energy and the environ­

ment. New Scientist, 83, 371-373. 

SALTER, S. H. 1974. Wave Power. Nature, London, 249, 720-724. 

SALTER, S.H., JEFFREY, D.C. and TAYLOR, J.R.M. 1976. The 

Architecture of Nodding Duck Wave Power Generators. The Naval 

Architect, London, 21 January. 

- 534 -



a 100 200km .. ,-_ ... ,--.. , 

Figure 158 Sites of highest available wave energy 
(from Clarke, 1977). 
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Figure"162 Variation of a beach profile with 
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APPENDIX , 

Particle size and carbonate analyses of samples from the 

SCS study-area. 



Sediment PSA & Carbonate Data 

Explanation: 

SJ.\MPLE l'I1lMBER is the IGS labelling system as at 1/12/79 
NB.1 Samples are grab sarrples 

IAT & I.C>N3 are oN latitude and °W(_) & °E(+) of the station position 
DEP'l.'H is the water depth in metres 
SED TYPE refers to the ternary diagram for gravel:sand:mud;-

100% 
M..ld 

100% 
Gravel 

100% 
'---~----~----~--~ Sand 

%G is the % by weight of gravel(2+mm) in the sample 
%S is the % " sand(0.0625-2mn) in the sarrple 
%M is the % " mud ( 0-0 . 0625mn) " ." II 

%CC S&G is the % II carbonate in the sand and gravel 
%0: S is the % " II" " sand only 
%0:: M is the % " ,," " mud only 
%OC TCYI'AL is the % " "" " in the whole sarrple 

NB.2 Where a significant size-fraction has not been analysed for 
cartionate, this total can only be an awroximation. 
NB.3 Where a figure is preceeded by IE' it has been 
derived from a visual shipboard estimate only 
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TOTiI. .. , 111:-". 511.6~1I~ ·2."~"'5 \It' • ~s 11l 21 I' n ,.: 
'4r '~9. !i8.~'~3 -=-.'J21 1~, a ,. u " 61 ., .. ,. • t ], !I".4n", .:.t!'-"l 1(' , S , 92 , .. 4~ .. ~ "III • ~II.e~"7 .,.~] .. l' I? GS 37 63 ~. 1!2 ~z .. , A17. ~1111.~,'~~ .~. ~!J" 1'5. liS ., 55 " lOr . ~,. S".3!'11' .'.3r,?;' 67 • S 2 97 .. ,. 4:2. 6'.3"'1 -;1.',,-, ",', , ! 19 It /, 52 ~2 .. , 4;'3. 511.'01,111 .? !II! I' !!i 'II • a 7 93 'j .. J5 JS ",. ':". 5!!'.lrlll' .'."'" 61'. a 1 " " 27 ~, .. , .,~. SII.H" .'.:l9~7 ,~ . 5 1 99 .. 2;S' iJ .. , A~8. 5". ~9c'3 .3.,·!>Q3 .,~. II 1 9? ~ 53 ~3 .. , '!l9. '".:lol''' .3.1~2!' 1114. S 'l 98 2 58 ~p .. , ,fir. 5".lc'7 .3.2~1l9 '" . 5 II 9' I' M' '77. 5'.2!>27 .3,~n,] ." GS 211 72 N !!I 7 ~1 .. , 'Rl • SIl.""3 .2.~47S fl6. (is 27 73 I. os Q~ M, .'6. !!i1.lc>U. ·2.·~2S '". 5 1 .n 1 '5 '5 

"" '''7. 5'.'!'3 -1. 7:,.;. 77. 5 7 93 I' 61 .. '>I 
~, 'IlO. 5',IUI! .:.7:'1>1\ II., GO '11 U 2 'I ... 71 .. , '91. '1.'2"1 .2, E."7~t 75. S I 

., 2 71 •• 7" 'I' "2. fll.II?'" ·'.'t.7\ 711. S :I 17 /; 
.. f .. U • St'.71·7' • 2.,1'5117 '1l • a , ,e I ... .. , 51'1'. 5'.'Jfl6 .2.2'6'2 711, I I '" N .. .. . . .. , 612 • 51S.15\3 .2.'.99 7fl, S • 97 3 .-.. , 6!9, '1.2,·te --2 •. 74:09 .e, S I " .. III .. "' .. , 6" • 51.191'" .".!!5ft' &6. I 6 '4 II .. II .. tI .. , "". 51.52'" • 2."ll" liS • I 1 94 1 61 61 ", 791. 51.573" ·Z.f~6,7 66. S II 1·7 I 119 .. .. 59 

"' 6vn. S'.7111 ·1.!!9 111 • 6 •• U ... .. 21 .. , "'2 • 511 ,6833 .'.'427 66. .. "" .. • • .., 
", U9. 511,12'11 .2.11:1112 69. I 5 IS 11 111 .. 711 .. , el! • ,11."159 .:.5911 67, G. 2 911 .. 12 .. .. I" 'I' .. '".1'" .5 ;90'5 \tr.. Gil' • 3' 61' 31 •• 36 
liS 5. 51.351'3 .!I.1I703 \lll, a 1 n , 16 •• III 
III 7. ,".C9·3 .'.61'1>1' 13~, 3 • 97 :1 • iii ". 
~I 9. 51.7445 .... ';'5! 711. G3 J6 .. Ii 1I .. 311 
HS 10. ",6US .',671)7 I~. G. 2' 75 PI "II .s 
HI lS. 51,";0'(1 ••• ~4I\e "" S S t5 II .. 19 .. SII 
HS U. 5',96(11 .4 •• 202 n, .. .. .. U I • 
HS ,.'. 5'.U~7 • 4."'3 5~ • - - .. ' .. ' u u .. '3 HS U. S9. lo'l'5 .".1":' 110. a .. If II 11 \6 .. 17 
liS 16. 5i' •. I:I~'7 •• '.,'1'" 12.3'. a I " II II ... .... 56 
IfS U. ,e. 25'92 • -3.".3'7 70. , 

" II • .. .. ." 16 tta It. ".!2'~ -J.23111 7C. G. 71 '" • I' .. •• IIA .. , U. s •• ~=,:r .3.1'9':1! 9f • t I IS • " .. 17 
liS ". !!9.'\9" .3,llU II, GI 21 " II It 17 .. 11 N' 15. ",31'2 ·;S.2!'9: ltc. a , II H 71 77 
liS 26, S9.2U7 .3.'252 13. a 13 IS I 61 61 
III 27. 511.t9'~ .3."325 'S. '14' 115 .. N .. 6.1 •• U 
liS 2 •• !!O.!lS!! .3. SU7 92, SlOG ,. ., 1 •• n .. 37 II' Ji. ".19'" •• , ~""1~' Ie. SlOG 61 3t Ij "3 '3 iiI 32. ".111113 .... lJI5 71'. I U 117 II "6 •• .& 
118 34. 51.6702 • ••• 1.!7 oe. I I .. II •• 31 •• 31 
liS 3S. 51.&95S .... 'I!"~ 1'2. • I til II .. 13 . . 23 
liS 37. ".&6'1'6 .:S.6,,!!, p. • 17 IS II II .. II lIa 3e. 51.6tlf .J.!!I"6 25. I " 91 II 11 71 •• UI17, 
liS 311. ".6519 -3.'719 '1. " I. 7. , 87 .. •• 17 liS "". '''.7261l ·3.!l65P 715, G. 39 ft II 77 .. ' •• n 
liS '1, 511.nn .3.7JII9 illS, .. •• 21 •• 21 II. ". ,II.",,, ••• PI'2' 91'. .. .. . . n 3. l6 

. "'I '3, !1I.6Z!l7 .... • 1·"~8 711 • •• •• •• I • •• • • S' 
III .... 51.6!!33 .... 2Ii~e eo. .. •• '" . . .111 
liS 115. 5".~131!1 ··.!i·'2 '8. .. •• •• !II . . M 
liS '6, '5".b21'7 ••• ern "5, • 3 ., C ., '3 ., 
.. s '7. S8.UlZ .... 9!1tS 65. I 7 93 I II •• •• 1111 
III 'II •. S". ,.,7:' .S.I\·~5 Sl" IIIG 44 16 ~ •• 71 .. ,,. 
liS '9. SI). ,7n .'.201.'7 Pr.. S " " " 

., . .. .. 62 Na St'. 5".,,1'7 .lo,3"'. "'. G It 21 N 2 •• 2 
11& SI. '111."1"(1 .a •. !!l'" 'I. ,. ., IS II ,. .. :lot liS !':. ''',Il'·2 ·!,f:·"2 II. GS 'I' " I .. U • • U liS !ll. !",'7:'7 ·5.7""~ ur, • N " to .. 17 .. 

" III ". 5~.M"" ...:-."" I!!I. .. - .. , .•. "1 .. ., 
liS !SS. '''.a:!" • .... '''0 , ..... GS 'f 811 .1 •• 73 ..' 73 
III St.. ".1'l'!! .~.I"5 U2. GS 31 ., N 19 7'3 1\11 ii' S7. 59,1.4& .",J3!!(I lIr. S , III " 7t ., .. '2 .. S II • !:".!t~~ .. \\.3'17, 117, ... ... .. . . •• ... 
"'I: e~. 6(1.!13t! . ~,'~'. '". .. .. •• .. • • 7 • . . 711 
liS 47. "'. "l7,' .. ".J,.' lUI. ~ N U t: •• e .. • aiS 611. '!!7.'~1I2 .S."8t') 11,. .. .. .. •• 8' • • ... '1$ !I", "1',1700 • .... 49 .. ,: . I 3 97 Il ." ~ .. .... '" . "".'~.l .!i,7ft8 ltl"_ ... .. 61: f." 'IS ;~. S",.,IJ ..... se. 1!lI, I! 7 '3 ., Cli .H "l " 
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"'5 'l, 5 I1 ,'rJP .", I~"~ 171' , ... ~\I ~\I 
~~ 7', ~O.~!'~ .~.~,.t~ 1~~~ 'It OJ", 
liS 75, ~O,!41~ .-,7 n "3 I 3!1, 'I • I 
"5 7t, , ~Q •• r,"~ ..... ~,C' 131' • 3" ". ~S 7R. .;.J~!"':- .!'. ~ri!".' ! ='r. ~~ 31! ~!> 
~S 7t:, ~',"!,3" .'j ... ~~e II!'. J' ... J' 
liS ~r. !!9.17~r .5.;'@?!! 9', • !I"" til 39 29 2C1 .. s "I. ,9,11I:!- ••• Q,If)e 7'5 • 3 I ,II I' ~I .. "I 'IS .~. 5',;:'" .'.~"63 Q!!. S • 9t N fIJI 79 
~s "3. '51.11713 .·.""3 6,- • S :1 98 " U 31 .to 
"S It,. S9.l"'! .'.!l3113 !'>!I. S II !II r 7!1 11'1' 7':0 
.. $ "5. '9.19~3 .'.!l40~ 111'1 • 3' ~!I 
"S "!I. 59.2517 .4,"'7 ... 'l' 115. S 19 8, I; 63 tl2 ,,] 
.. s ~7. 511,;':73 - •• A2';.'~ I' • II JJ 
liS I'!. !!9.'''~1I .',9.": ,.~. 5 I lit ~ 26 .. ;>r-
115 '11. 59,'/1:03 .S.I172 1.11 • S , n , 36 .,,) 
liS 9C1. !l9,!i!l2., .S.2!'>;·S I' • S , !It N 61l 51 "., liS 91. 59.61 511 .S,3e'5 1211 • S 3 97 N 51 1'7 
III 92. S9.679! .!I.!!II' 137. ... .. - .. .. '2 6' '2 
liS 93. S9.7~U .11.3825 till. S I Of • 73 .... .. .. 73 
NS 9~. SII.7"1I7 ..e •. 1)1I.7 I5S. • If II ~ 15 .... MI 
liS 95. !l9 .... ·!I. .. •• ·" .. 3 ur.. S .. IIll' " 57 3' 57 
NS ". 59.111' .t.'373 1'5. .. •• ... 31 •• .. . 35 
"8 91. 5'.5'37 .' .• 1'687 UII. ... .. .... I' . .. I' 
!II 01. " .• ~7711 ••• 5~Z Ill'. .... . .. .. " . . t9 
liS ". 59.H27 ... · •• 293 liS. " 31 U U 23 

". Ill'. ".33:J!1 ·'.2933 ,liS. .. .. . . 36 311 
"S 1"1. !III.2U7 .... IlS23 ItS, ... ... 27 :IS .. 27 
liS lr2. '1.3237 ••• 111\"3 IU. I N " N •• I' •• til 1/, "3. !9.3r93 .'.121'" 111. U 31 It N 22 22 
liS !P'. !59.2!l!2 .l.1I<I1I5 n~. -. ... •• .. •• ,,~ "". 59.190! .l.1!9~ IS". ... 711 ... 711 
liS 11'7. 59,'6f111 •• ... 1"8 I'e. s " N .. l3 .. 3l 
If! 1~9. 59.lI1'22 .. ·.2 .. ~' t \I'. S II Iff " 51 :11' 
liS 111. 59.7461' .'.!I'II. 111'. '"" ,~ 51' lor 22 :12 
"I II:! • !I. II 1811 .'.lIfllI6 llll. GS 25 75 lor 21 211 
"S 113. ". ~9tI" .'.11125 155. .. '" ... ... .6 
liS tl4. 5'.11632 .".17', l·ft. ..... 115 "5 N ., '1 
NI liS. 59 •• ~t:J ..... ;:117 155. .. 'lie • " It ... " III 117. 59.'"11 .... U,l- tU. I' '" If If 55 -- .•. !5 
NI' ue. ,I'. eJ !V .... 11'111· 12,1-. G. 2t 71 If ,,1 .. 3.11 
"I 119. OJ •• "," .A'."t'!"'~ 121. • I '-7' ., 31 ... l7 
"S 12:0. 59."33 .. 3."'92 1'3. I 2 ,,- .. .. n 2.1 
"I 122. ". !tlU ....,.15' .. U~. ... ... St . . lIB 
Nil lU. '11.'71t' .~.··"3 9S. I a II N II ... .. III 
"8 12'. 5'.'1"2 ,,'.:l7P2 7S. .. n loiS 
NS 126. SO • .,77 .. ~.1I9f17 IICI. ';5 '1 51 " S6 .. 86 
NI 127. St.aU3 .. 3.\'"7 Its. • • 92 N II .. .. ~2 
"S nr. 59.120 7 .3,5771' 125. • 3 97 lor 21 .. •• n 
.. I nl • ".lIue .'.7223 UI:. S I " N 16 16 
NI 132. ".'6113 .3.1552 132. .. ... II . . 52 
NS 13'. !I. 19 !.I " .oJ.'231' 1'5. S 6 " N 37 •• •• ;S7 .. s Il5. 59."2" .3.P-C)'3 l1li. S 3 97 " !III .. 16 
HI 136. SI.7"(I .oJ. te68 fI~. 'fOG til :JS e 12 "I ". U7. ".un .. '.;1'53 (lfl. S III It " 116 Ito 
HS UI. 59.&1'3 .3 .... 35 7!1. GI 16 ,. 

" .7 ... .. 117 
NI U'. SI."'" .. 3.1'27 111. • 17 n • 16 .. ... n 
NI "". 59. ersU .3.3:"211 110. I 3 II 2 31 31 
"a 1". ".118" .;S.I'I IS ue. G:I 3a u H 114 .. I. .". 1'2. !'.","/I .3 •• 't ~7 7e. I II III , U .. ... I" 
liS 1". 59.f072t' ·:1.111" 71'. I ~ Ie " .. .. .. ... 
HI 1'5. 51.911'" .,s.!ltu '". • I " lot n t9 .. n 
NI 1'7. 51."6'" .. 3.'932 77. • 10 U Ij tA 5' eo 

". 1'11. 51.I.H'~ • .5 •• 954 IS. S 2 II 0 lIS 16 •• 115 
NI 1·9. : •• 739: "~.'4~2 17. I 17 .3 to. I~ .. .. ,1& 
III lSI. !I.IU:" • 3.'·!2 911. .. .. . . ., 3 • '7 
"I 1~2. ,. •• ~.6 .l.'931 ' ID. •• •• .. . ... '1 3.1 • • '2 Nt 1"~. !1.'2l'A .... l7:O5 .. ~. • .1 " II 4 • ~, II! 

". 1!111. ".t9'2 .'.~~63 7'7'. :;. 31 •• I IS It 11-3 
N3 ''!!'6. S'.4415!!t •••• ')!! .. !' 85., GI 3. 62 " .. .. '" If' I''''. SI.~:'~3 ..A."" ". :s .... 76 2' I. .. ' .11 . •. .11 ... , Ifill. SII. ~2:t2 .".~;'''7 liS. - •• .. . .. •• z, . . 2' ... 1t'1'I • SI."!!97 • .:1.'''"2 1211. ... •• • • '7 ..' 17 'I. '''I. SI.7S!6 .. 5.51'15 122. ;1 '1 u ,. , .. 9 III Ie:!. ,' •• \7l .~.r!l"~ 1I!. GS III " 211 :17 17 J2 

"' 163. !I.'sn .... '54ft 112. .. .... .. 32 . . l2 
liS III". ·'.1I7e l' -".J:'I7t! f· .•. .. . . " .. 99 liS t"". '9.e.~1t .6.4,11 12 •• ... .. .. . . .. " II! It'6. ''t.1l'11 .6.:1;'3 Ill!!. U '2 511 I, .7 .7 
liS 161, !l9,"3'10 .... 7:;b~ '.2. .. . - .11 .. . . . .. 
"s 169, ".'l.ia, -b.!.6'H) 
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liS \711. ~'.--i·.h' .e. • • t.1~ 1311. . " '" ... 
'is 171. 5-.'2°3 .f'. ~r ... , In. "3 "3 'is 17;:. !'II,'=-tf; .".i'1'3 1 ~'" • S /: t t',' ~ Jl ,II 
'is 173. '!I~.1'757 .PO .11,\7 127. 71 1\ 'is 174. '!IM.t-:' ... .!'i.oJ.~ 115. S 1 911 I 37 V 'is l7fo. ~8.!t:!'r- .~.17'" 11!1. S r 99 I 12 \2 'is \71-. !\".!-:l~ .".,,7.7 02. S I 9t' I '10 II" 
liS 177. ~-.I'r!l" ..... i!l op, III' • " Il I" 88 37 'is 17F. '!I". 141'2 -".:'513 o,~ • GSM N ~7 13 31 .. 37 
liS 17 0 • 58 •• ',-.o!, .".12~7 121'. liS" ,,, 3;1 7,' " .t 
"5 I ~c • 57. "93" .to .",' 31\ eA. r.S "I ~, .. 
"s 1"1. 57. ':'3 .~.P5" P!I. CS ." aft • 111 III 
liS 1"3. lI7.93"'· _5."2 71 1f1. C!I 2'" 66 !\ 
HS , .... ~fI.:"'17 .~.73.;: '35. "S e '" JIl 
"s 1-5. 511.1e'3 .!I."7?:" :01". G51'! N ,5 SS 
liS 1116. '". ""'7 .~.o"·tI BII. .. I' , 95 'is til,. !t".21'J7 .".1l37 un. S ~: 19 11 6" 32 li7 
NS 1119. 51.f"? .".14'~ 35. S I u V- .e .Ill 
filS "u'. 511.'01'2 ·~.i'3!1!1 If·5. S 1 96 3 
NI 195. ".5152 .'.'·In 65. lOS '3 57 N 14 75 !. 
NI 1.1. 'l1l.3tIl~ ~.,"3.:- . II .•• II I '·11 5 11 II 
filS 199. SI.2 .... e6.~5':: US. S 1 II 18 15 III fill, al'. 'l.n7a "&.""'3 UI. ~S N 51 '8 . . U If) 
III Ul. 511.tI" .6 .. 1'''''' US. M I .. 96 .. 
NI 2-:'1'. 51."'11 ~.'~111 un. M, e 11'1 '1 26 26 .. , 2113. 51.lel. .S.lflI7 1115 • MS N II 31 It 16 N, 214. 511.~11I" .5'.6735 95. S I n 3 .. 9 • • 9 
NI 2t1. ".a:!91 , ..s.1IZ22 UI1. a " I. 16 .. 11 . . II 
NS 2~7. '511 • .,763 .5.~~1:! "5. GSH e ., 51 t9 19 
NS 218. 5!!I.141'!! .!I.727!1 111'. lOS 1 73 If! IS I!I 
NS 219, 511.2113 .5,11725 UI'I. 1', N Sol 'e 19 .. 22 ~Il 
IfS 21C. 511.:!!I?t- .6.1';:9' liS • 1', N 57 '3 19 t7 
NS 211, 51',35112 • ".13'7 '5, S N 1";1 1'4 &II SII 
III 216, 'J',5711[, .5,6l'15 IlCl, , ., 91 2 2L1 .. 2~ 

fII' 218. '".!i\''' .!I.nn 1'. :;1 29 7, N •• NS 219. '!!1.I,tJ .5.l2l2 fl. "1110 7. 26 • 76 .. 7" 
.. I i'1r-, 'JII,61'1' .5,"432 1'. S I "" p 39 39 
"I 2-21.. 11 ...... 7 ".2373 p. S 6 ... fI 87 ... .•. .7 
Nt· 2t1. ' .. ' ..... 7 .5.311.:! 72. ~:I '.0 It I .. 6'') •• 60S 
Nt' ZU'. 5, .... ,7-1 .. "' .. 2U'1 3e •. S: I. M: I ... 711 711 
NI" tHo SI.lIIJl e.f.'.I'&t1 Uti. .. , 8 &, 19 . .. 19 .. 
Nt :n. 

!I •• "'" ·~ •. 1'''2' n. I N Uti .: 72 . ., 72 
NI 231!. 51.3"t .fI.".,:S 8. S 1 16 13 12 .. n 
Ifl Ut. 1IS.lt!I" .5.'"11 e. MI 2 73 141 16 I" 
"I UI. 511 ."1" ·6.7277 lIlI. , 2 ,. • .. 11 .. til 
Nil 233. 51.'142 .11. 56.t! g. I 1 '6 3 •• 19 • • I. 
NS 2'5. SI."15 .11.23'2 tP3. I I .. III .. n .. as 
filS 2:17. ".1'65 .41 ..... 7 I •• S :s " N 311 . . 3' NS nl. ,11.7"'3 ••• 27.~ '1. S 2 ., 1 5, .. .. 51 
1t5 :!'I. " •• 7111 .3 •. fI;:" 1117. S II " I II. ,. 
NS 2". !llI.!lsa:! .'.''''! !l2. S • t6 N " .o. !U' 
liS 2". 5 .... 2"5 ...t7~3 81.. GS •• III e n .. .. n 
filS :!!2, S .... "7 .'.27.7 '13. I 11 ... , " ell .. fl!J 
NI 257. ~1.7!'" .. •• '.411 '7. • N lIt N " Itl 
Ifl 2&2. 51.7'11 .5."'" II. I II til N 62 .. • • 62 .. , OJ~'. '''.111413 .".3715 UI. •.. .. •• • • 17 .. . . 17 
If' 2115. '1.'413 ·!I.·1)2.1 12. .. .. .. 17 • • 27 
'i' 1'1I6. !I'.Ia'l' .!'."3!'3 e6. .. . . 2. 2ft 
NI 2'7. 5'.14"2 .41."771' 1115. - •• •• .. 15 . . n II' :!-8. '· ... "1 _5.731£ Uti. .. .. . . 2t 
NS 2"'. ".11112 .~.!lle! 1"'''. .. .. • • M' 
NS "'. 'J".U77 .'.7"'" 72 • GS II 1, 3 ,7 11 .~ 
II, 2.6. !lI.66J3 • ·5.9:'" un. • • " 1 •• •• 
"' l.7. '''.111117 .~."4:.~ 122. 1I N II • 6. 411 IIJ 
Nt 291, '5".7"15 .".\'~·7" 11". 51 '17 
"I :'0. '-.,7717 .A,I ::~ .. In. . •. '1 'I! -. 3'f. ,11.·1&5 .6.:!:'''lt liS. ... .. . - ~41 . . 3' NI 371. !t1.5fl4• .'.O!l7~ Itt • S' N '!I' I If .. I" 
liS 3"3. ".31"7 "2."7" ll. , • ,~ N U 311 ,,9 
... 3". ,..~ .. ~ ·'.'20;' I'. n ~. I. " 87 Ot '!II 
"8 3;!I. ".JIII" ~,""~2 fl. GS I. 69 II 116 6" 611 
NI 3i'6. !I'.32'" .7.12'13 '1. iii ., U 51 9fj: .. 0" 
"'I ';"7. 5·.~11l .. .'.7!l~2 lor. • 101 2: 711 t; .. ,. 611 74 
... 3:0,). ~~.U'41 .. 1'.~'''1I II~. G lie 2,' " 9.' .e .... fII' 311. 15'.337" • '."'31 '6. G' '1 S • " .. 62 ~. 
HI 31Z. !ot.32Sr .'.'6\3 SI1. lOS '2 III .. .. 9., ,. \OJ filS '". !i'.3,,!! .'.~"~ ." .. S " 111' •• 113 011 8.J 
!IS 314. 5 •• :P.' .:a. foP 7. -c·, 3'" 112 ... t, 714 •• '" filS 315. ,'l.l7t!' ·',""33 .:'. 10 111 13 II: 

.. " 6' II .. 
"'$ 3H,. S'1,1~7 ., ••• 11, 0\7. GS .: "" '. "/1 'I 'HI 
"5 ~11. S'.'~4.l ·2.~4~ ,~ C;S I'~ I!\ " 
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.. ~ ~IO • S •• II~I" • \.93!II 11'1. GS 3: ell ' . '1 55 ., 
1111 3-" ~~.7~"~ e,.71', 1\ e, S \~ p~ .. !III 19 .... ,. , 
... s 3:>\, 59,1SH .'."'\'5 11 t'. !! ,~ It. .: 7!- 1J 75 
1115 3:12. 59.71'" .\.'\l\ "'. es 33 H ~. 99 liP 9'1 
.. U I, SS."5·S ••• o1J3 7f1. C:!I 2: 11\ '" &8 5~ 

IIIU 2. 511,fI723 • S,I'I'111 51>. GS •• 5to I' 811 ~,. 

.. u 5 • !fl."~tl: .4.Q:.l1' 53. 5 .. 96 II 113 "3 
'IU 6. ,,'."643 • ,.Oll;! 'I' • I 2 911 r 53 !l3 
tlU 7. 58,"'111' • '.Q""~ 18. S 9 9i1 .. 77 .. 77 
till II' , !III. gil'S .S,1'31'7 71. S 12 H ~ 1111 68 
NU II. S'.f7l3 .1I.I'7!!" 1 •• S \ 99 .. 27 27 
"U I:. 511.",'7 .'.!lue 117. I Ir ,., ~, '3 '3 
NU 13. 15"."'117 .',1'79 .. -5, I , 97 N 72 12 
NU I'. 58,"""8 .'.flb33 ~7. I 9 91 PI 611 !ll' 
'IU 15. ~~."91''' •••• 31 7 13. GS 3e 1'J N 53 ~J 
"'U Ie. 511."J"2 • '."1'198 1". S • 98 .. .. .. II' 
"U 1'1. 51."l:"r • " •• ·~'15 '6 • I I 90 " 21 27 
tlU n. 51.tI~ •• ..s.tI9111 711. I " '''1I I' 211 .. n 
"\1 19. 51. 927t'! "."1152 It. GI " '1 e '3 '3 
NU ar, ,,· •. 9·3TZ ~."9"2 711. GI 31 " e 65 .. 611 
"U U. 5.(1.'13' ••• 'tIl5 t.· • I t " • 29 29 
'IU 23. ".Ut8 .. ·.'J·l. .... GI 3. 66 ., 57 .. 57 
NU ". ~'.,1l.77 .4."35 .~. GI III " " 

,. .. u 
"U 26. 5',,-..91 .. · •• ·1'111 7S. I I' ';7 • 57 .. . . 57 
NU 27. !J.II72 •• ·.1I.2~ '2 • I 2 ,. • 71 ... . . 71 
NU 211. 5'.1t18 .5.'113 'I. I' t tV • 29 .. 29 
.. u U. st.'1'2 .8.112. 17. S 7 "3 r 2' .. , .., I' Oil U 5'.25' .".711' .J7'. I • 16 • '2 .. .. .2 
011 33 st.3l! .2,JI7 13. I II a9 (I II .. .. ta 
OR 35 59.'13 .',071 56. GS '" 6Iil e " .. 119 
Of> 37 ".'C7 .l,'711 !l6. Ga 3l' 71' " '9 .. . . 99 
Oil •• 59.n' .2.3112 1IC1. a I " £' n .. n 
011 '15 59."'" .a,'!7 1111. a II 12 8 94 .. ,. 
011 .c6 58.'95 ·a,575 55. s II 12 I" n .. n 
llR '8 5'.,er .2.71111 24. S I t9 e 85 .. III 
011 54 59.173 .',735 9. a;s .. II II t7 .. 97 
011 51 5'.t67 --2.&17 ' .. I N I III e 51 .. III 
01: 57 ",.2-17 .2,.7'17 ". .. - •.. ... '1 • • \5 
011 " 5f. •. 3n .2· •.• '. 118. I' ,.. 

'" ~ •• -. '6 
0.11 '1 s.·~ eoIJ",l'4MI' :16. GB If. 7'3 " ft, .. 9" 
P ,.. "' ... ' ..... ~u" IS'. I I M f ..' -. .. ' "iI 011 " "'.an .a.T7a I. I 3 '7 • •• .. .., '6 011 ., $I ...... .2.1l6a 1:S. •• .. ... •• 3' .. . . 3 • 
011 .. 59.1,6 .2,"56 n. Ga '9 II e 9 • •• 91 
011 n 59.J32 .2.912 13. ... •• .. • • ., •• • • ., 
OR .. 59. III • 2.9." t5. .. .. • • •• .. - •• t' 011 ,I" 5' .1136. .'.0" 24. .. .. Il .. Il 
011 III 5'.IU .2.63' 12. a • 96 " Ie .. . . II 
OR 112 II. Uti .'.!SIII 32. I N " N 77 .. •• 77 
011 116 ".In .2.16 11 ". I 13 " " .. . .. " 011 117 5'.211 .2.,.at ttl. s a " 19 .. It 
011 III '9.117 • 2.1U 7!1. a • •• tI 91 
011 "' " •• 03 .2.277 '1. I II 'I " .. . . " Oil ue 59.'12 .2 •• 4. 73. I N III t3 .. t3 
011 111 !l9.'n .,,," I •• I I It t. .. . . t. 
Oil 131 St •• ,5 "."13 .1. I It It •• tt 
011 132 ".·2S .2.'31 39. • 11 It It •• .. " p U. 5'.'3' .2 •• 7. '9. II 32 II II •• • • II 
011 US . 59.'" .'.'92 311. GI 31 IS " •• • • " '011 U7 $1.315 .2.5" 1:S. 01 St .. II .. •• 96 
011 UI ".1." .2,"1 12. S N "' .. •• •• •• 011 1" 51. 1St .2.76' ". S t " 17 .. .. 17 
011 "1 III. IS' . .a.6I;a 16. I N ,n " .. •• •• ta 
011 U. ".'1' .2 •••• '7. • I " • It . . 19 
011 161 5!.9SC • 2.317 711. S N '"' , 

" •• •• '" 011 I'" 1511 .. '''2 .2,S2· 75. I 3 ., 
'" 16 ... 16 

011 113 5.1.'" ~.,sa 77. I I II , 7S - .. 75 

'" I. 5' •. ..,<19 ·'2,".' '2. • • .. ' , , .. .. •• .. 
" :. S" •. IIS3 ~."".!t2 iI. I • .. l' ., . . •. •• t1 -, 3. S.· .. "II' .2.,11121' 8 .• S 14 H< fl " .. ,e 
" '. s.' •••• .~""'I -. ,"a;, " 

., .. .. •• " -S I. Sl."·", .2."". ". I t5 IS , •• .., 'I .1 !. ".14117 • ~ ,"51' ·f. 41 30 , . 
" 9' •• •• te 

'! '. 5!.!5.6I .2 .... ·'" , ... Sll' sa ,." tl 72 .. s·t 72 '. n. !:~"r.~67 ~ •• eu 34. G'I l& 6 .. I' ., .. .. 97 ,! II. 5"."7:'3 .~,&3";" O. I"G .. "II r tl ... 91 
'·s 12. '''.16''9 .2."f!!'I 31'. ..... S'6 .. , D , . •• 9' sr: )r. ':il.·'O!2 .~,''''lCl !Ib, n Jr 1:1 .. at' 6e It ~2. !I1 .... ~1 .6,111;\7 '10. GS '2 ~I! 1/ ., .. .. ., sr 37. !Ia.'\,·.14 .fIt. 't'''~ U~ • 31 31 ae Jh. $fI.16'" • '.CCJ74 'H. S ~o I. II!' .. .. ,,, 
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SA"'\,[ LAT LOM. t'ff'TH ItO lG XI '" lee ICC: ICC ,pp 
NUMIU ~ TYPE 1&' I " ItC 

TO"L 
St '1. !l7.ol·1 _'J.t'''' IJ!I. .. 3 ~J 
It 'b. ~ 7 • °fllll .'.J7!'1 '2. G 39 III I, III' ~l' 
Ie '7. !l7.a31'\\ .7.J~I(; ". r. 7~ l7 '; "' ~. 

Ie "r. ~7.0~'~ .1 •• '11" lll. ~ ~ 94 \' 9\~ (j,' 

se !II. 57. ;~;'" _7.Jo,,~ \.' I. S I] In " ''I 91 
Ie 5b. '7.!]'; .1.~2"'. 1!1. I , 99 (I !9 .. ~9 
!lC t". '".2''''' .... 1C1 :". ;ZO. ~ 3 07 ,: ~I "I 
!t &1. ~1!!'.OtIlQl .".1!!!'2 3'. lOS 2!1 75 , .. 64 (0' 
!Ie f.2. 511.3136 _ll .~!.!", 1,'7. 2b 11 2b 
I: &'. '".3tI'~ .".IP]O Ie. s N IIII' " Ib .. 6Ii Ie II~. "I. ~37r -fi, 1.'t 5 !l2. S \ 99 N H 7. 
Ie toll. 511 .l'!t-I' .".1229 '1. t.: '''1'1 N n 72 
se S7. 511.~7"''' _".:"'5 72. 2' 2' Ie fill. 5",ltlllll .",rp, 09. \. ." \. 
Ie ~9. 5".'193 .!I.!I.ftl 10"3. I' I' 
Ie 70. 51.'2t6 .!I.9U5 92. .. II I 
SC 71. 51.'t"l .f. .... e-.'7 1IC1. Il II 
se 72. ".'217 .to.1UIL '(1. S 5 IS N 5" 511 
se 73. 5· ••• ,2 .6. Uti .fI. S 1 113 N •• .. •• '9 
se 7 •• sl.,ue •••• '.5 l(l. .. .. 35 .. 35 
se ". , ....... .' ... ~.2 to. 25 .. n 
Ie 76. 5'.515' .'.1'515 12. I N " I 65 .•. •• 65 
Ie 77. 5I.flN .6.1~" e. s N " N 72 72 
Ie 18. !1.5I75 .&.1671 CI. I N lit II 19 119 
Ie ". 5 •• 5 .... ' .6.UU 12. I 21 7. I II •• •• " se u. SII.fI ... .6. Ult 125. .. .. •• 2' U 
Ie 191. S'.tl63 ".2162 125. .. .. •• 16 16 
1M I. SI.611r, .11.3582 set n '22 77 I Ie. II 
SH 2. 51."141 .1.25(1] 121. S I ,. IS 15 29 73 
III 5. ~7 • .,27 .t.1I313 98. GS 31 61 I 73 53 73 
Sll 7. 57.3913 .6.7737 .'. GI 211 11 N 151 •• .. 57 
SM 8. S7.3Sf18 .6.7371 U. GS 2., 116 ,. " .. lf !i7 
SM 9. 57 .3ue .&.1I8U :36. GS '2 56 2 57 .. 57 
SM "'. 57.3113 .S.62S~ ttl. II, 

" U 37 I' ... Il 24 
SII It. ~'.31·1 .1.5U8 ". SlOG 77 23 II It .. .. 19 
'M 12. 51.2111 .6.15258 U. GS 30 .9 I If» U 
I" 13. 57. un .6.'1~1! ". •• .. •• .. II •• Il ,M U. 57.2.St'S .6.'515 ". , It 17 I 76 .. .•. 76 
'14 15. S7.K'·' •••• 1.9' 1St. S N n 7 17 .. 17 I' 
1M II:. 5:1.111' .... nt'f I ... GI" • 37 .. 1II II-.) 591 
IH- 2 ... 157.U" .".1· ••• I l(l·. GI" I n 17' M 23 " Stt U. 157.U'" .a.21l' ' .. I , .. I 31 ... 22 Jt 
I" '5. 5 •• 91 113 ·'.UClA '2. " N 11 ., .. 22 n 
SM 21. 5 .... " .6.UtS 32. U .. III I 78 .. 7. 
III 21. 56."31 ••• 3115 '3. GI 3. 16 N .. 73 • • 73 
1M U. 5 •• 11.,,, ••• alIS1 U, .. 7 '3 '" .. LI 21 II 
1M 32. 56.17'" .4.r,,: 17. I II n 5 31 24 3e 
1M n. 56.1"3 .5."113 15f. SI'G IS 315 " " 15 
1M '3. SI.'777 .5. '192 n. It, I 11 29 .. IS U l' 1M .e. 1St.'7l5 .6.21511 116. -, • 65 3L " .. 29 53 
SII '7. 56.1675 .1.21U 711. "I IS n U ,., 

~III s: 'M ". 15 ..... ,. ., .12 .... 27. n ., " II It 2t .6 
1M IS'. ".'7'~ .6.22U n. lOS II 7' I' '5 •• 21 '1 'If It. SI.IUl .'.159' 99. "I I' 6Z U 31 •.. 11 33 
I .. n. SI,7," .6.17118 79. II 16 76 9 91 •• II I!I ,14 ". 151,."2 .I.:S·C" '''. n 13 75 I .. 9' It! .1. S6.SSn .6.'735 .p. I . I n I '1 ..- •• t6 
1M 6'. ".]7)1 .A.""2 sa. .. • " ., '2 '2 '2 Itt 85, SI.7U2 .6.29U 1'5. "' II 15 3' III .. ,. '9 1M ••• SI.1I7" .6.SS'" st. S 7 19 • "1 .. 36 

'" ,r. ~',!I"91 .I,!llP2 112. GIl' C 2Z 71l 54' 67 63 stt 91. 56."" ."'.!lS31 '1, ., II " III '1 U ... 
1M 911. 57,1121 .t.nl' 7. I 7 III I .. I. 2 III I't. ",'632 .6.22211 '1. GI" , :u 7$ 31 29 29 

'" If:!. S7., .. U ·".11.7 ". 'i," II n ... liZ U 22 
1M II •• St.ttll '''.''2.11 . '1. U"· C U " •• '" al 3t 114' 121. S& •. !!"IS .".7'-"'S 53. n U 116 " II - U' tl6 
'H' tt •• "'.:'U .e. •. "~'" I't. GS" .. 3't .11 I,' II •• Stl 177. 'S7.n665 ."'.IIZ.' t "'. 

GS" N ,t '" .. , 31 If! ~t SH t#e. '7. lIS II 3 .7.115' Itl. ·S I '3 If. 1& 2JI .11 ",. Ul. 5A. g"., .' .. "" 7r.. GI 21 6~ 19 ., .. - .U " ... SH I't. ~" •• ]f\1I -'."':Sf' Ilt. c ... 6 III It " a" 23 
I" 1'2. U."tI • 6. 11 3:2 1'11. GS" 7 " 73 •• J.' ,,, ", Sit Itl3. ~". 'IU" _6.!JIl 1 '''. .. . . U 
1M "5. ~'.'I71! ";.~"'2 113. GilI' 2.2 til .1' .. 6' " 11 S .. IPi;.!, 'e ,394' ·" ••• :'7 111 1. "S " I,' .. It 3. •• lit 15t1. 5ft.l."!,' .1.0lSI' ·11. , , II J 1,. lJ 7~ S .. 1113. ".':!ll .1I.!19!! !If). •• 17 
1M I"'. 511.7fa7· ~".I\I37 1'17. ~ ... " 31 73 U .. '7 ,~ lf~. ~fI."!'O .".CUlI 71: • I' " I' II. ;I' 2' n St' If f. U.'O,,, -'.OUS 49. I'll '" ., ,~ 15 7 32 
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SA"~[ '-AT \.0 ..... DEPTH SEll tG IS I'" tee tee ne 'I''' NUI'I[. ~ TfPt SlG 3 .. 'Ct 
17~. ,'.'Z!>OJ .6.1'~!l1' e2. III " 

Tur AL al' , .. e II" ,t. t7~ • ~7.~1!! .7,t!"-:- 11'1. " i: II ~9 I' 2l 22 ,I' 177 • !!1I.OI51' .7.2922 t 95. es" '" 
,. !If' .sf' " . ,,~ 

II' 17". !l6.!';1'3 .1 ••• 'lIl 1<11. • 2 .7 II 'I' 29 39 
St' 179. 57 .~!'3P .6.0135 \, . " • .. 12 IJ fll' III 
I" 1111:'. '5'.1!l3~ ........ , ;". "5 12 67 21 II; 111 11. 117.'(120 .".7!1e3 35. GS" 22 37 '1 27 21 2' SI' !fIc,. 51.31311 .".o~3P 'll(l. e. III 72 9 J2 n 32 SH 187. 5'.3:-93 .7.1':611 n. • II II 21l 21 Ji; 2' IH 111 11. S7.C'd7 .7.1.'32 IU. lOS 10 '11 .. 7 2" t7 
SH 19t'. 5'.2I'Ir. .7.12;'3 IU. ... 2 f'f\ 32 , ". 1& 
SH 10 3. 56.95!!7 .7.J'!!5 68. lOS 2 79 19 '6 J' •• S" 105. 5e.II" .7.'2:1' 183. 1', H U .e 'I' n 36 
IH 1ge. 56.1!01"1' .'.31',n 1!l1). " i.' 3 97 U lIe 5. 
IH 101. 56.97'2 ., .2011 131. S"G n 21!1 III .. 32 11 All 

'" 100. '7.~S!'7 .7."'~ 175. "I Ji 67 .)J .. II 31 ,I ... 2111 • 57.11523 -7.11177 1111. lOS 5 U II 3 J J 
'" 231. 56.""3 .6. u.a. C. S 3 '" 7 .. II III It ... z:,.. 56.1''15 -'.'''U 26. S I U 7 .. • • ... 23f, 56,16" .1I.r',I' l., • I . , • .. 
,H 238. ".'''~ .6.'U' 12. GI .. I, • " •• • • '1 ... 139. St.f7U .... 'n. '7. ~s .7 7. 3 - ..' ., 
114 2'1'. 11,"".3 .6,12'3 23., • I n 17 "61 It 3' 
114 Z'I. It.'.95 • ",l·n 29, liS 3 17 Je •• n Ie :I • 
, .. :tSoc. 11.6172 • fo .... ". 5 •• I II .. .. .7 •• • • .7 
It! ntl. 5 ..... 2 .11,5"7, I". II '7 51 I •• •• •• •• I" Z5t. 5~,1I2"7 -".11111 Ie. • 11 .. • II •• 3 I, 
,14 259. 1II.51,e .1I,61l5 55. !IIG lit U , tI 36 17 
I .. 26:J. SI.·1l3 • ' •• ll:! 16. Gill • It " - •• II 3 • 
1M 2115. 56. '1112 .lI.",.,\!' U. SIlG 711 ID " .. 
... UIS. !l1,'7U ·!I.6372 132. '"11 51 J2 17 .0 21 '11 
I" 21111 , S~.'7;'7 .!I.f9'S Ie, "'I 111 SI )1: ... 
1M U9. 51.I~U .6.2212 36. I H IDC II •• II .t2 tI 
'14 272. 5~,nr.Z .6.ll''' '7. • iii I. I .. 17 ., 17 
,H 273. 5'.2'')'' .6.3213 'fI. I III til I .. II J9 1;) 
1M 27 •• 14,15" .a.SS83 56, , N ., 3 •• 12 56 12 
... 11(1. SII.'152 .11.'37'. 7rt. • • ., 3 •• n 10 71 
'14 21-2. 51.51'17 .6.'"3) It. '" 17 13 .. 31 •• 33 31 
... 28'3. !I.5.7; .a.s:!" lIB. GI 31 .. , •• ..' III 3t 
1M 2.','. ".t&602 "'.7Nt 21'. • " " • .7 •.. ,', 
1M " .... 56.S" .... ".7"" 2..,. • I N II .. -' •• M 
,M 292. II.m7 J,I73" 5S. • N " " •• tA .. .. , .. If'e. ".3231 .6,tl13 73. • • •• II .. '2 .. .It 
, .. 2". S'.1177 .6,6713 ", I I .~ 7 II as U IH 3111. 11.17" .6.51311 71. II 311 .. 1 - I' ., I' I" nl. 11.3113 .6.7"'" 7 •• • I II 3 7. .. •• 1t 
1M 3'2. !I.3.7e .".113'2 7S. '" • 71 .. •• .. '3 U 't' 'PII. ",1276 ., ,!l1S7 :I •• S • II • '" •• , .. 31'6. 56,IIZ11' .7.St'Z 77. , • II II n •• .. .3 
114 3a7, ~'.PU7 .1.'9" II. II, ., 51 5 17 •• 27 
IH 3l1li. 86.10!!' .,7.'711' us. II, I 711 .. 17 •• JI 51 ,t' 311. ".77" ·'.'\'1 112. "' I " It .. ' .. 
, .. 3'2. 111.7 .. , .7.Sf''' 211. I • •• II •• •• •• • • .14 sn. 56.6I.P .7.373' 163, "' • I. 31 .. .. .. • • I" 31'. ".Itl. .,7.1'" UI. "I a .. 'II •• Il 3. •• IH 3U. II •••• ' .7."'7 U'. , • " I - .. 
1M 316. fI.lnc .S.73'S D. Ga 11 7a a. •• - •• •• 114 :st9. II.Stll eIS.7671 131, "I • II 3. •• •• •• .. 
I" :Sll, 51.1I~'1I .5."n 3 •• "I I 7, •• •• •• •• •• . I .. 3U. ".5"1 • ••• 31' I •• "I 11 II JI .. .. .. •• 
I" lfl, 11.51'" .1,"3"1" II'. , • It , •• •• • • •• 114 :SUo SI."I, .5.1'2" ' .. II U II 17 •• .. • • •• 1M st,. 11.':531 .'."'2.7 II. ". II 17 II •• -, •• •• III :315. St.'"'' .S.'31111 'Il. • • II I: •• , .. 326. ".'492 ".'21" 82. 41. I. 73 e .. •• • • •• 1M :J27. 51,'.'5 .I,!t27, ·fl. "' • .. .1 •• . . •• 1M nr:. !It.S1n .S.93'" 3". "I I' I. 17 '5 •• • 3a 
114 "'. ".'lAI .0.·'13 "l. • e IS IS .. ' .. I" 33'. 11.,6119 .6."US 76 .• ... I 71 II •• •• .. -I" 3311. SI.',,:. .6.I'll3 'I'. • e It I. .. •• I" 337. .. .. ". ~.nlla '\', GC 36 " 

, 
" •• •• '2 'M lla. "."-'2 • ... U2' ". " • •• " .. ... 

I" 33'. '6.1171 ·f.aUI '3. 'S 1~ It : F' •• 11 73 
'" :S'I'. sa.!I"72 .6.a5al U. G. I. '2 I II •• 19 ., 
Sit "". SI.'", .e.4"!!. tt. • C U 17 •• .. .. 
'" :I

u
• 

~'.7'tji .".,,\,7 Ib, • .. •• II ,t' :s.!!. ".7937 .6."0;: '3, .. , N 6' ll) "t ... 2' JI 
I" '''''. SII. 7117 l eO •• '1I1I 1111. s .. e 10 u: I .. . . 
Stl 3'7. S!!.'7l" • 6.J'6" 39. GS III 76 I 117 -. at /II 
SH :I'A. 511.16n ••• 'J",. .e. G '" '" , ,. II. ,I, ~Sl. 5".17 J" • •• Z-I'l1 1'1. I'IS 1; fl1 31 .. .. .. 
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""lIl£ lA' In''', DEP'" SEI' Ie U ~" ~CC ICC ICC 'PI' 
1;",,,.£. " TYPE UG I " acc 

TOTAL 
SI< , .. ~ . ~ " . ~6.'1\3!l -".'3 4 :- 11'2. a " 8!1 I!! III 21" ", s·· 3!1J. "".,,.,r .f,. ::':Lt~ .. 37. Ga 29 71 ~ " '17 
SI' 3!\!, • ~6.'''13 ./1.1'113 9 •• ~S" I: 25 I~ 
a .. ~51'. !lfI.7Q~7 .".1'337 611. I" I' \9 "I 
Sit 3'57. !i".S,·t>3 • "."315 .... GS •• oil! I" 112 13 " SIt 35". 5".~I7I\ .6 .I·.:i!'~ 62. I" " \6 au 
'I< 351). !\1I.0I5\3 .iII.~1'7~ 56. .. e t9 III 
aM 3(\:'. 5(1."7." ."'.~"'" 511, .. " U 91' ... . . 
aM 361. ".!!l52 .".115 ... 7 53. " " II 52 
511 3 ..... 56.8n O" .A.~'.9" 55. I" " U "7 .. 
S .. ~,.3. 5",03:i!'3 -1I.t'!!73 !!t, " n 7 93 
SII 3114 • 56.0!!37 .",V52J 112. .. " la or. .. 
SH 365. 56.!!ll7 .~.!I!lU '711. GS" " .sa 7(1 .. ,104 36(,. 56,91:;01' .".10'63 I~, S '" 93 7 til 12 19 
SM 3H. 56.SlUr .0.I':tl3 18. GS \II 69 " 33 .. J3 
IH 3611. 56.'\2" ·".I"6l III. GIH " '5 55 
SH 369. 56.I6:U • 1i.5",'2 117 • "' 0 7. 16 .. .. .. 
IH 371. st.OI7(1 .6.~"1I7 1111'. GSI' 1'1 .. 5t1 .. .. •• SII 372. 56.'191 • A.~,'ft7 9, • lOS " 73 17 .. .. 
I" 375. 57 ... t6~ .(I.lI~7Z liD. MS I III 'D .. . . 
I" 371, 511'.97\17 .".'s·7'l3 '3. CSM • .. , .7 .. •• ... 
IH 371. r.6.IIU2 • 6 •• "sa 92 • GI" I U 76 .. .. • • III 381'. st. 16-53 .",lIefll '1. SMG to ,12 2 .. 17 55 It 
IH n" 56 •. ".711 • 6,5.73 " . I D 12 I' 17 II 19 
III 3." !l1,!lt" .11,9921 66. GS 26 It II 211 ... •.. 25 
1M 315, 156,6'63 ..7, II •• 1112. (;1'" a •• 51 .. .t '7 •• SM ·I!l. !l6.11,"7 .7.'.667 117. "'S N 511 '2 .. .. •• 'f' SII •••• 56.!I'lIt .7.;SS15 I·U. I , 17 2 39 .... .. ;S' 
1M "3. !le.U6! .6.1397 61. I I II N 31 .. 31 
SH '''. 56.17'7 .ft.7U' !!5. S • II I .. .. . . 
SII ·t~. ".Ull .6,111123 I!I, I l' . , 13 ... .. 
III '17. ".7237 .. 6.64 t1 51. C 81 19 " 

,. .. 5. 
SH '11, 51.17~2 .7.1'/;' UI. U •• 53 7 .. 
SM 'ZI', SI.79PII • 1.1US 15 •• GS U II • 31 27 3f! 
SM '21. 51.1171115 .6. 'Ias 115. GS 22 51 21' U 21 ,. 
1M '12. 56. "151 .6.2~!t2 117, I N IS 17 Ie .. II 11 
1M ·n. 56.!l97;S .6.2122 1511, el" , . , SI .. •• . . 
1M .... ".'183 .... 2142 37. I II 19 , .. •• a. 
III '111. 156.91111 .6.2211 U2. " • :sa 71 •• ... • • 1M ·U. 11'6· •.• .,2 ".2.~.e 156. " ~ 2 .. .•. .-
Itt ..... 

5'6 •. ""'" 
..... ~ , .... .. • s "' .. ... •• Itt "38. 56.1772 ... 3'tft " . GI'- I It 7, .. •.. •• . . 

1M "31. 1I1. lJll7 ..a.nn '0. I I as • !ll .. 16 lSI 1M '·n. '1.68" • 6.3IU 3". M, 7 , . .~ .. .. 
SH '3'. !l1."1I2 • 6.3173 611 • S II .. I •• .•. • • II 
1M '31. 5I.n" • e.fl19' 37. I • " a ... •• .. . . 
1M '31, 51 .... ". • II.'IIS til. GIM I '2 51 .. .. 
1M '39, SI •• t'57 .',6191 ze .. , III I 71 23 .... .. 
IN "'. SI.'"'' "5,6"" 2 •• I • II II •• IH .. ,. ",un .... "68 ". I N 9t I .. U 37 n SH "2, SI,llll .6.76~:" aI, I II " , .. 12 ,l3 12 
'H ";S. ". t70J ...... " ' .. I , . I .. .. . . •• 1M •••• 51.12'2 • 11 •. 9"3 17, I •• 2 •• 21 2t 21 1M .... st.U.' • 7,U25 'a. I II I •• II .. 51 
1M ,U1. st,37S1 .'.;s,., 71. " ,. 6 .. It 'S II 
1M "'. 57."'3 .6.39'3 Ul. '''" 37 IS -. •• SN "1'. 57.''''11 .11.331' ". "I II ,fo It .. 21 73 
SM 'fI. 5'."'3 .. 6.23111 I,. III 73 17 •• •• • • 11M 'Sl, 51."", • 4,1795 II. .. 7 n •• .. . .. •• 'IM .... ",UlI .I.U'I II. "" '5 II ... -. III '55, 157.""3 ..... "11.' 711. M 0' II' •• ... •• • • IH 'S1. 56.9n3 • S."·33 36. I " ! .. . . .. 
SII 'St. SII,"l' .II,II!»" 38. III 71 22 .. 

--1M .so, 17.lr1l3 -1.'177, II". UP' ~ '6 S. ... 
IH '61. 117."7!:1 .5.8'15 . 19. II l' 2 '" .. •• .. 
III "2. 57.'611: .1."'" "'. II " t ,. .. .. 
SM 'U, 51.lI5" .'.7", eel ea,. I ." 61' .. .. .. 
1M ..... 5' ,.I1J. .6 •. Slfl. .7. MS II 11 3. .. .., 
1M 'I!I. ~'. ""5 .. fi.·'2 111 U. "II D 77 13 •.. •• •• I" '(07. 57.1,"" "" • ..1J1.e "". a e 17 U .. . . .. 
1M '6". 51.1311 ." .... 6·2 SII. "S II 11 2f! ... .. 
Itt '.7[1. 'J'7.U87 .... 6.7. .t. I • 19 , .. ... aM .", 51, Ufo( .".67\1 1I7. " I' , 

" •• • • ... 
Itt '72. 5/.2l!!!' .fI.&IIA" IS. • " ,. 6 ... .. • • 
1M .". 57.23"3 .11.""" II!S. liS " 77 13 ... .. 
I" "11, '5 7.2-1:l .","iUIi • e. s , II • ll'! .. .. 
Stt '77. 157 .~.~" ./0 ,71 fli1 fie. I'S II n 3' .. . . 
Sit "". ~7,11!l~. • ".63111 1'1. S It IS I •• .. .. St' "'0. !l7.~29l .7.{'1.12 I JlI. MS :- 61' •• •• Sh ":0. '!7. Itl!! .7,011 1 1 136. HS • 1111 to .. '.4 ~M:. ,,., "'0 .7 .I~II. 1:\2. a • OJ'I • 
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8&"'1.[ LAT \,tlmi DEPT., 5[1" XG 1:11 , .. ICC ItC ICC APr 

NUI'IIE. 14 TY'E S&G , 
" ICC 

fOUL ,It ,at. ~II. 717! .1\ •• 7~2 lIS. S ~ 113 19 ,I' 4,.!· • 51i.H!'3 .,. •. 1~'~,' 1I.a, OIS I 711 2l 36 3' 35 ,tI 4~7 •. '~.7c7;: .I\,.7 A2 1'5, "" I' l1li 32 
SII .'-9. ' ... ·3 4 !' .0,1' 74 5 83, I i' III III 
SI' .OC'. !i1l."P'7 .~.1\·,':.' II', S r l1li I 27 ~, 

I" 191. 'S". "'95 .',to9"7 '2, ~'S 211 '2 32 
'M .9:. 5,.ll .. /I .5,9 491 119, GS~ 5 29 lie "" 22 3: 
'II .0 •• 511. I ~"" .".'.~\t3 'n, S C 16 I' 3./l 29 ~, ,II olliS. SlI.I',." .a,IOiItl 21-, S a t1 I 
II! '96. 56.10:'''3 . ",."." '3. GSII .. n 72 
SII 4117. 56.171'7 .~ •• t I ~~ 49. GI," r. 2~ 72 .. 
SI' 'IIP. 5".le"7 .!i.~!>Cl5 ". , GS 111 U If 211 '5 29 
SM '01). 56.JI'3 .!I.PC)"~ 2", GS" 59 '1 II 
Sit !i1:'. 56.3: .', .5.97!t2 PS, II, C 57 '3 12 19 III 
Sit !!I'2. 56.afl's • II,IJ6;1 30, GS U 7' 3 6 .. .. 6., 
'II tl:'3. !1i.'!'U .".1135 ". GS" " 33 6' 14 2P 21 
SH 5U. 5',2'38 .lI.2·!I!) '!i. • I U 7 •• •• II", .6 
III !irIS. II. 'filA .6,.1'51[17 37. " f • •• I' , • 't' 5''', SI,lU7 .".""'2 oil, II P 2 t. •• U 12 U 
SM !U!'. 11.36.3 • ". "'''S ." ... 

'" 
N I'l! l1' Sil Ill' 

lit 5111. 51.lllf! .e.I&65 • •• " • I 18 .. U .. .. 
IH SII. 511. 35!'1 .".131l 54. " " I " .. 31 It' I" 
IH SI6, 56,Tt!l7 • '.1:163 I''' . " N II 9" •• 18 l' l. 
S" 517. 511."1" J.ll .. IS". Ga" fiI '1 !It .. l" ZI l3 
lit 518. 51.114117 .1.lVI 196, GaM fiI 'l 57 .. ." 61 ee 
S14 !l~I. S7.26t1 ..s.6211·:1 U. CS 21 71 2 
... 512. 57.""13 _t.6'" '7. GI 27 71 I •.. •• • • • • SH 52 •• · $7.2692 .15.6I1U '2. • 14 12 • •• .. . . 
IH 525. S7.UU • S.7!!16 63, ;a " 63 II •• •• . . .. 
SI' !lU. S7.1~67 .'.!I!!I'l] 82. GSI1 N 23 77 
,If 527. 51.12'2 .!I.!!167 10. S I 19 9 .. 
'If 531', 57 .1333 _".6917 ~ .. "I 11 .. '2 .. 
SIf 532. S6.6:l72 .5.91115 58. " • I 99 61 lit 2' 
S .. 533. 5(1.fllI"3 .&.:.0177 '''. GI" I oil U 11 n 19 
I" 53'. 56,6632 .11.,'967 ". " I • 96 •• .. 115 20 
IH 535. 111.66'2 .fo.I'" U6, II • 3 9l .. .. •• .6 
IH 536. SI, "'38 .6.r-515 ns, I N .. 9 1 23 .. .. 2J 
IH 537. 56.47" .a."" 22. ;all • '·1 58 .•. .. . .. 
'" 5'31. 51,1251 • •• lltH U,. I 2 H I - •.. - 19 
IH Sol". Sf.IIC'7 -6'."13'3 "3. I; I '* I' •• •.. . .. . .. 
I" 541. SS.IUI ..... ". SA. GIM • lS 6'7 ... - •• •• lit S'2. 111.",83 .tI. tell '1. I N It " .. .. 
1M S". SII.lerl .S.'.53 U' • .. , 3 17 '1 '6 '1 ., 
I" 5'5. SII.U'S • 1.866' " . ;al' 26 II '3 
'M 5'6. 116. ''''1 • S.9132 117, .... I 71 n •• •• •• .. 
IH S48. ,6.2G811 • 1.91063 ". GI" 1'1 37 63 . . .. II 3 • 
SII S!!I. S7.'ron • 6.11613 1"7, GI IS 7. II •• •• •• .. 
'" 552. 51.393: ••• 11223 '2. CS •• 15 I n . . n 
IH SSl. S7.3snl' • 6.79l1 66. GI 19 7J I •• •• • • •• 1M 5!1'. S7.21" "',7677 12'. .. , N 77 23 .. •• . . 1M 501'. Sti.51 f1 1S .S.55IS 69. .. • , 99 •• ltl 211 10 
1M 1l63. S6.6232 • 6.7661 ·e. • 17 12 N II .. • • n IH ,to,. St.6U3 • A,121T 58. • .. 16 H 71 •• • • 71 
lit SlIe. lSI.t11l3 • ,.··U;t 'fl. M • II II •• Il U U 't! 5.7. 1SI."21 .7."25 156. "I 1 U 37 •• '7 I' II 
I" Su. S6.·3!' • 1.2345 13"'. GSM II U 66 •• II II ll! 
IH 15M. s'.'nc .7.17', lie. GI" I' I·' II •• S. '1 II 
I" 57e. 57.1171 .7."'11! 1'3. "I I U 36 •• • II II . ,It 571. 17.21111 .'.flI1I5 us. IMC '1 U 19 •• It I4S 18 
II' 571. SI,!1"2 .1."'3 IU. I N " 

, •• II • • II 
Sit 1l7 •• ,6.U" • 7.63115 U5. , , 

" II .. • • • • St, 575. SI.It!S .7.7211' 1119, GI '1 .. I •• II •• 25 
Itt "6. St,lIU • T.!(,311 115. I II ..II II •• 14 •• 14 
I .. !77. !5I.I~'1 .7.'27& II'. • II " N ... .. • • III 
IH '12. 56.8!''' • 1'.7.1·7 6-2. I • ". II •• II • • It St, SU. SI.llS3l' • 6."7'7 ". S .. 95 , .. u . .. II 
1M '_'. !II. 1"58 • " •• 11113 '1. I 3 t1 .... •.. II - !If' 
I" 115. ~'.1"·2 • 7.,fllI·3 'I. I I " .. n .. • • 62 
I" 'fOO. sfI.,'t'n • ·7,216' U'l. .•. I I" . .. -. 19 . .. It 
1M S"7. ",J533 .7 ,1I'~ 1113, .. " IJ •• •.. .9 . . ., 
IH 591. S .... u;, • '.'1"'11 IU. I I " If •• 3. . . 3. 
,H 1192. , •• nu • ',S3'S "S. I II .. !I •• 43 •• 013 
1M 'I~3. 5,. 7el] .'."1. J2. I I ,. PI II .. • • .. , 
I" ''', !1."-3 •••• ,11 12&'1, I !I III /I .. 19 •• ,9 
1M "G. 5~. ".-,1 .7.,,1', U. I IS " I 96 .. •• '$ IH 611. S6,4sn .1 •••• 3 ,37 • I r. 'Il 7 •• 74 •• 7' 'M '!i. 56. ':P'3 .'.Illl. I". , 1'1 .. II 71 .. 72 S .. .,3. "'I.7OS7 • 1,'''' 113. GS ., 55 " .. .. .. ., 
Stl ''''. 5/1.',,. .7 •• 717 liPlI. S I n , .] .. 'J 1M 151'. 56.'.:1 .... O.'l I~". S I: " I 9 .. 9 s.! IS6. 11,1'" .... ;'"" 1~5. S .. '7 l 1 • -. 11 
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SAMPLE L&f ,-0-.' DU'T .. stD t, IS 1:" ICC XCC ICC APP 
NUHat,- " TYPt: SloG II 14 &.c:C 

TCTA~ 
1M ,.57. 56.9;-"" .II.,.,!!!! 1~3. I ,I 9f! I I,' \" 
I" "!lII. 5~.'H7 .".'t-~7 1!1!'. S I' 90 I I~ I~ 
St. ,,!'') • 5".;9(1 ..... '!"5 I~'. S c' ,!' 2 I" I,' 
S" blot'. 56.91"7 .".101'7 U3. S J 91 N I!I 19 
SM fo61. '''.t'!i7.- ." •• ·.17 1'3. I ~ 91 2 I J IJ 
It' (,"'. '6. '''!'iI' .7."211 I ,'r • I 9'] II III 
S" ~6", '6."F'" • II."~J') 1!l5. r I':' 81 "I 1M ""'. S6.1!'l3 .1I.2\f\7 HIli. S U 11 " II 11 
SIl 668. 5t1.'1'1:'5 .".3l!!:'! \!I5. a II I"" ,.. ·Ic· II' 
Sto 6f'l. ,tI. II~I'I' .II.'3~EI I'" , I 2 

,,, 
" 2' 2' 

SM 67r, !I(\.I)('I'" .".5b02 U'. S ~: I~;o ... 21 .. 21 
St' 611. ,&. ,,~~" .".691'~ 15,). a .- 90 I 31 Jl ,M H2. ~6.9311.) .".9,'16 \5~. StoG !l7 . .) t- 511 !l9 
SM ,.73. ~I\. !SII.) .11.7661 153. I " U" ., I)J II,) 
aM 61 •• S6."U'l: -"."5 11 1 153. S 3 91! I 2" 2" 1M t.17. !Ie.66': -".2U3 &II,). S EI 91 t- \" I" 
'M f7~. 56._61'2 ·'.lf67 1511. I 99 111 19 
1M 679. 56.5717 .1.fSlli! US. I • 1lIi1 N 'l .. ..) 
IH 61111. 51.'6117 ·'.'')33 1'J3. • D 10 • .. ." . . •• IH 611'1. 56,51 117 .1.,14" "". • " • 1 I 5-5 55 
1M 6112, " • .ITU .'.17&7 2110. • I. VI • .. .. . . '5 
1M &83. ".6~7S "._!t~3 Ill. .. ' .. till .. ' 1-1 •• 21 
1M 6". 56,.661'3 .'.,8'lII~ tH. .. 3 17 .. .. 1.\1 • • 28 
1M 615. 5' •. "IU .1'.,6-U2 U'. .. - I II .. 19 . . .1 
1M f'6. 56.Tn3 •••. 7 •• (1 101$. I II .. H .. " .. n 
1M 6'9f1. 5'.'0111 .'._"'3-3 Il'. I 7 U H ..- 37 •• 37 
1M 6'1. .51.6He ··.71"3 153. . •.. N 1ft .. .. 16 • • 16 
I" 692. s'.Ioer .'.51.7 Ill' • .. I " n . . n 1M 613. !l1.nI3 .11 .'«I't3 1111. • • n 5 .. 311 3" ,14 flU •. 51. !I,,'" .'.3667 183. "I N 73 17 •• 2l 23 'If &95. " 56."'" .'.15l1li 1"3. I I 12 17 •• .n •• 32 

"' 61ti. S6.l883 .'.U3l uc, I ,} IS 2 36 3~ 
IH &97. 51.3358 ••• e075 2115. MI II 51 '2 .. .. ,. .,1 69O • 151.'717 .... 335:1 lie. I N to I •• 19 •• 19 
• tt 71'0. 51.'2'2 •••• 5.r lIIlI • •• 1 " .. 33 • • II 
1M 7111. S6.JlSIl .'.5358 16 •• .. • UI .. 21 21 
1M 7'2. 56.4(1711 .... (lIItf! Ite. I U .. ..' ll' .. '" Itl 713. 56."117 ".P6'7 11'3. •• I •• •• ..' " • • 2' 1M "'. SI;'A&1 .., .... ",3 IS •• .... 2 .'. .•. . .. 31' ..' 3" 
114 "!I. S'6: ... _~ 

~ I,.'. ... N N' .. ' "6 .lS 
Itl reI. 51-.... 1 ... .. , ..... ~ 1.611. •.. I ... ..' .. ' .. ... " tH 7l!0. 56.'87S .'.7!ft111 UI. I I I. I .. - n .. n 
1M 7'1'. 5'.'167 .7'.tll7 21t1. I N n 7 .. ' '2 •• •• ,1M '". 56.""7 • ' ••• 51 US. • III .. I .. Ie .. 14 -1M 713. 56.1392 • '.7383 un. "I I , . IS •• '1 .. H 
1M 71'. S'.'tlII3 .7.611l 173. I I .3 , .. 35 .. 3e 
I" 'U. " •• ~75 • '.""1 "'. • I .. I •• 33 .. 33 
1M 717. ".2re7 .7."U .. s. S , 

" .. U . . n 
1M 7U. 56.2313 • 7.77'2 113. I'" II '1 N •• 3' •• 36 
1M 7U. 56.S16' .7.6611 173. , N " iii .. n 12 
Itt 7U. ft."" ·'.57\7 113. • 11 ." • •• U ..' 23 
I" 711. SI.'313 .7.'9.' III. I I I'" III •• 3' •• 3' Itt 722. !II.U7S .'.'7'2 73. G II 12 N .. 12 IIa 
1M 71l. SI.I692 .'.12" liD. I I It I •• 16 .. 116 
1M "'. 11.1221 .7 •••• 7 13. • • " I .. 12 • • 22 
1M '11. SI. "'15 • '.tllS 33. G .1 5 III •• 7. •• n 
1M 721. 56.3667 .6.'313 ". • \I II 111 .. 42 .a 
1M "'. 51.3167 .8.7r.II, 95. •• I .. • • .. II •• 58 

, 1M 7Je. St,I667 .6,I.S. I". I n ., to •• 62 •• 62 
1M 731. SI,!1l3 .6.foU3 UI. •• D 1111 •• .. II . . $' 
Itl 73Z. S6.'3S• • '.751'11 110. "I • 67 33 .n . . "a IH 735. 56.11533 • 7."". 111. I N I, , It 61 71 69 
1M 736. ".n·1 .7.!!'''' .6 •• I 1 .. I .. II •• II 
III 137. S'.21!5C .7.'333 lIP. I N I .. N •• I' • • I' I.' np. ".I!ln • ' .• 3.", III. I . I " III .. Il . .. U 
1M r'll. 56."'t! • 1 , J,'33 Il3. I :s ., N •• 16 •• 26 , .. 7'1, S6.~n' ., • .tt17 12:3 • ... •• te .. .. II • • 17 
I" ".:. 56.U'r. .7.I"4~1I I'~. I N I' I •.. 1" ..' I' I" 7'·3'. ~6.19P' .7.,70'51' .... • \II "7 :s .. .. 'tl .4 
IH ru. ~6.11!1l' • '.~I5;1;o lin. I • I"" '" •• II •• II 1M 7'5. 56.1167 .7'.7';'!' 13". I I " • '3 .. .. 73 I" 7"fo. '6.'6"7 .7.t'!!11 I.', I I 06 3 •• n . . 19 
1M '''. 5ti.,"!! • 7.50S:I 163. I I 11111 N - 11 .. 

" III 7.6. 5 ••• ~!r. .... "~e 2t'S. 'I 34 66 \I 52 .. 112 
I" 7". '" .. ~" ."._e117 11'3. • 7 93 -. •• '7 •• '7 Itt 7Sr.. SI.lser .".13"3 I"", .. • til .. •• '1'1 ..' S!5 
'" 751. 541, lCl'!! .&."67 !'''. .. 2 ." U .. n 1M 153. ''''~lQ'' ."."00 I~r. .. 11 , .. , 39 ... J9 St' 7!1,. 5t.:l ~l .". ""!I!' \ttl, S"G III lr I .. "0 . . .e It' 7'!,. '51). :Cbl • '.I!!!' IQ3, S " " 2 .. 4" •• n 51' :-56. sll.157S' ........ \'6. !I"r. 7. ;r~ II I!I lit 
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SA"~U: L&T L(lIoG DEPft' no tG u ,04 UC ICC ICC lPP 
"UH8U 

" TY~E I&G I ,. lee 
7~7, 5'!.,;'tI, -7."11.'., U n ~ . 93 Tn'lL . St, UB. I III 

151' 7!1~, 5~.1= 't' • .-.'·· ... ·2 "". I 10 '''II ~ lS J~ 
Sit 7~;' • ~6.:7.;' .11,' ,"!"i ~I'r • .' '''~ ... 2' 2· 
S .. 761. !I~.I!'IZ -".J~q2 '!'7. S 1 9~ , 2' ~. 
Stt 7"~. 56.' "",' -". ;>711 119. 101 '2 '" N 17 I' Stt 7'3, ~6.nI7 -".1 ~lI,l 1;08. rol 2P 72 ~ .to .e-
Sli 7" ... 5t.~'-;·" .",i'J!'7 137 • 7 9l ISl '" St, 7f;~, 5&. ;,~.JJ • 7,""51' 1':1 • 101 1 911 21 21 
Sli 71\6, 56.1:':''5 • 7.71\12 ,9!1. .. ('I ,n ., '5 S .. 7'''. !6.;-:'~c' .fi, ~~'''7 SII. • N , .... N " " Stt 77", ,eo .''''? -",'211 55. I N I". II 21 21 
St· 77" 56.1733 .t#.~ebJ 66, lOS J.t '6 21- 1>11 1>9 
SI! 772, !l6.1~tJ .e-.~5'}8 65. I D '8 2 2S 2~ 
!H 773, !'!.n!'\· -#t.,.~ .. f'I 71l. I ~ 91 N 27 27 
5" 77., 56.7;·7=, .to.77!1e 75. GI .5 5' I .. ,1\ 
II' 777. '6.1'4n .1I.?311 3 185. I ~ 91 I 19 19 
I" 77", 56.111133 .".3,,7 Ille. Iile .. .. 2' 2' 
I" 77,}. '6.13711 .",.173 "3. I '" .. 2 U 2/1 
It' 7111'. 56.,"'8 .".616" "8. "IG . ., 61.1 N .. II . . I" III "" . 5 ••. U"" .11.73'" , SII. I U .1 N •• .. .. .. ,If 71Q. ".un .8.85'1' 16'11, • • .1 N .. " •• to 
1M "'3. 'I "Utili .8. '5'75 'III'. I • .. H U .. -, ,. 
,I' 714. 51 ,II!${' ".1'2" ,'3. f. 38 7. N •• 33 •• 33 
Itt 7115. li6.n'··3 .'."~I 173. •• I " .. . . •• '1 ,If 716. 51. ,n7 ..... Pl.,.,' In. I' 12 II N .. ' ., .. <It' 
II! "7. SI.P!3P .' .. ~""" 17!I. "aG .. 31 N 63 U 'If 781. 56.1117 • '."en 182'. .. ' n •• •• . . ,. .. ' I' 
Itt "I. 56."13 .11.77"0 113. I :II III to •• 55 .. ' " 1M 712. '6.J~f!I ••••• 67 110. I 5 " II •• 6G .. n 
~14 79 •• !l1.nIZ -'.57.2 173. "IG .. 36 N '101 .. , .. 
II! 795. 56.Ul3 .".'551! 163. I l " ~I U .. 13 
Stt 7't. 56.7;>'2 .7.""33 lie. • N II 12 •• .. .9 
Itl 797. 56.7317 .7.2(138 IU'. I I t2 7 .. 26 26 
1M 7911. 51.IIU" .7.1567 IU. ... H st ., ., '1 
Itt 799. 5!i.63 11 3 .7.,'351 II. I 1 " N 3!1 35 
514 If!!. 56,5U7 • 6.':175 35. .. l2 I • .. "2 • • '2 II' nl. 5 •••• 1.2 .6.771111 IS. .. I' II .. . . .. • • 66 
1M eu. 11.6558 "7.,7383 '3. U n 17 N U U 
114 131. '7.36,'2 .7 .. 1,':97 II., "' 2 7, 26 .. II I' II! 113.0. !l'7.,n32 w • .I1H1 19.,. I , U II ..' IA· III 21 
S'H '.". 56,,,,'~'" ..t.,.. Sq. Gift H II 113 - '" ll~ 37 
Ilf "'. !I'.t1"", w' •. 3e'2.!1 I''''. GS" N '0 1'1 . .. 3" It 31 
II! "2. SI.II7S6 .7 •. 261' 111. G." H l-' 6. ... '1 2' Jl 
Ilf I". 51.7&24 .,'.5'''' 79. I I .. • •• .•. .6 
Ilf US. 5I.771~ "'.!lS3a .... • • '" N •• .. 19 
'14 U6. II."" w.53111 tts. • H .. 1 92 .. •• 12 Ilf .... 56.7727 .7.S11' 1'3. I 2 U • I, - '2 IS 
'8 •• 3. , . "'.'14U .'.6 .... 6 •• IIIG 61 3t N .. .. t • .. 
5' •• 3. 2. !III. 51''' .2.1I~1I I •• "IG IS . , \I .. .. .. 
5 .... 3. '. !o8.'!" .'.1I5U 7,. • 2 II 7 3' .. • • 39 
51 •• 3. 5. !II.'"" .'.'''5 71. • • ,. 7 .. .. .. 
51 •• 3. 7. 51.1129 ·2.· •• ' 7f. • I .. , 31 •• " 58.·3. I. 5I.5!1~' .'. '61.2 79. I 1 " • ·s •• .. ., 
51 •• 3. It. '511.:on17 .2.03&6 13. 1."1 .. •• . . ..' f.'''' •••• 3. 37 • ".''''. ·, •• n2 79. E.I .. .. .. E." .... 3. 38. SI.ntl .'.il2U u. E.I .. - .. ' • • t ... 
•••• 3. 39, $ •• " .... .2.'92' ". 1.1 .. •• . . "." 58 •• 3. ". 51. '~1!2 .2.lS69 83. E.I •• .. .. .. •• • • 1.99 
5',.3. '1. 51."". .2.1'l! It. t.1 .. .. . . E.09 
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•••• &. '1. 61."117 .~.'185 9' • ,II, 117 ·t I .. 71 54 72 6'.·,1. '9. ~;l. '~"!! • "."77, II. '''' II 31 3 .. st n III 

.•••• &. lIa, U.Ull' .... 16 •• ua. I , 
'1 II .. n .. u ••. ·1. ". 111.'2'1 • '.1197, ". G a. 72 .1 •• III II U 

.".·1. '2. 611.'917 .'. !II III " II • & ., I t" • 6" 
••• ·1. 'l. 6p.tI, .. • fI."1'3 I" • I t7 I •• III '3 56 
••• ·1. 'I. U.5 f1 l9 .",.7il55 III. S n .. - 79 "' 79 
61,-1. 57. U.SI'" .... 57" ue. S .. ,e •• •• '3 .& 
6'.-1. ~". 1i'.'6"7 .".1111111 127. 2 IS :I ... ., 3. '1 ••• ·1. I)'. U.·l"· .".""'" ". I " 2 • • 3. 37 3' •• · ... 1 .• 6- • G'1I.39'1l ...... a71 "". •• .. I .. .1 3. 117 
.'·.· .. 1. 61. f) •• lUI ·"."~.9 U'. , It ., •• .. '3 .. 
••• ·1. 6a. .... 2""· -,.""n 1"7. • t!I I I' U !I • ....... 6'. ".1511'5 • O.tt~3' I,., • a " I" .. ., u '2 
••• ·1. '5. ...~1I.-7 .r.fI'II;o ,14 •. l ,. I •• 17 ... ,7 
•••• 1. 66. ...OC" .... 71' IS 124. I .. 3 •• III n III 
" •• 1. 67. 68.1'54 ' .111.71111 117. , II • - " ., ,. 
'''._1. 611. 6 •• 1l1l~ .,.7;:to~ IU. 1 .7 I •• If t', 19 ''',-,1. ')9. 6'.UU .".7"'~ IU. I " • ''1 •• .If 
.~.-&. 70. 2'·20'3 .e."I:S 1"7. GI 3' n 9 .. " :sto 52 6";-,. 7t. '.2~'7 .ct."~17 "I'. I 2 92 • 55 ., fl' 110.-1. 72. ".lUII ·t.13,·11 19. U 13 7' I -. ,. 511 U 
6~ •• J. 74 • ' •• '~:l6 .0. )Caa I.'. S , ,II ,: 'b U .l> eO.-I. 711• • .,. !"~ . .. ~,~, I t\. S , 93 :/ -. 711 "" 711 
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U""Lf LiT LOll' O[PTI' ,(I) XG IS X" .::C ICC 'fC APP 
1111""(- M HP[ UG I 1'1 ICC 

TUTAL 
6~.·1. 7". tI~.l~Q~ .".2"t-- 131' • S I ,. e 3!\ ~~ ,:-
6,1,_1. 77• 6.', t'''I~l .".294~ II!'. ! 1\ Ii' 2 21 ,. III 
r.I'.·t. 711• to ,'.1 ~.'~ .l'.;"~' I J4. , 3 'I ~ JA J2 J" 
6".·1. '0. fo.· •. ·;o7J ·,'.t Q 7Q !2~. S • I' Z I' JJ I' 
C.P..-I. rH', 6,,· •• 'Zt'~~ •• '.1")." IJ!I. S , I' : ;>,' 2:> 2.' r.".-1. 1'1. e.',.'1 ~2 .... 1'~"7 IJ7. I It fI ,. J .. H-
'''.-1. 1'2. fo.l.;'9Ie .". ,15~P !i" • J 9Z !' 2' l(1 2' 
" ... ·1. ~'. 6",1t:!-7 .". 11!1~ 119. : II! J l3 ';J JJ 
6",-1, !'. 6".i!.Q: .".IJI\7 121. I •• 15 21 'I' i!1! 
61'.·1. flS. U.l:-'7 •• ·.11117 12'. I •• • lit . '1 J,. 
61'.-1. p7. 6:-.~!"·~. ·".1·;11 126. J 93 • .\. •• .,' 6='.-1. 1.111. 6·· •• ~~2 .:0 .11'7 119. N .11 2 .\. 'J ." 61.1.-1. 1'9. 6~."!i'! .'.r~45 11'. • 95 I .e 5.' .e 
fll.·I. 9". 611.'-;011 • ... tlls II'. I II I '7 e~ '7 
6~ •• 1. VI. 6~.17" .... 21111 \.19. 17 It 2 n 611 15 
6".·1. !lil. 6 ...... 53 • ... 2"119 In. t .7 2 •• 3L4 '2 3" 
Sfl. ·1. !l3. 63.31.'.:'13 -'·.21·~8 IU. 3 II I lIS It &Ii 
61!.·1. !l6. 61 •• ~ .. ~ ."."" 92. 15 15 ~ • • 911 .7 ,q 
61.·1. 9!11. 6".ll'3 .... U69 11'5. I .. I •• n 51 17 
6'._1. q •• 6;o.2711 .",."37 tlli. I " I . . '2 , .. 12 
6· •• ·1. l~", 611 •. 2:0311 ."".3'.7 Ill. • •• 6 J3 ., 35 
' ••• 1. 1i!2. &;1 •• '9t7 • .... 3312 U'. 3 .t ., • • 2S U n 
'I •• t. 11'3. 6 •• ill'" .... 11.69 t:lt • 3 .. I 12 .II 12 
68."1. "", u.;!~.r. .'.39U till. M ., 3 • • •• JI ... ., ... , . 11'5. 6~ •. "1'6S .".'2A6 e. 11'11 ,. •• • Jt •• n 
611 •• 1. t :>6. 6:1.11.'71 ..... 9711 II. I N 96 • . . 17 '" II .n .. t. 1.1. ".il"!'1 .'."It. liD. • • •• • •• n II 69 
61,·t. I"', 6'tZU3 .".8UI 'I. I , 16 • •• n J. It 6".·1. Ill. 11.252' • .... '.111 .e. • • II 12 •• U 37 !IS 
61.·1. I tI. 611.267. .11."'3 It. I 2 It 9 .. 7. 6. 73' "I .. 1. tll. 6~.20105 • ... 9731 !l5. I I U 6 58 3' 57 
6".·1. II'. ll.lIP6 .'.9U!I 6!1. G! 112 76 2 •• n It 91 
61.·t. I t5. U,2'1!0 .".7863 tn. I 2 Pi! 6 61 39 1\11 

611.·1. tU, 6:'.11114. .".1113 115. '"~ 3 7. 19 '3 .11 '2 
6' •• 1. 1t7. 1111.39111 .",.'nl! t"!I. I II U t •• 117 .1 !l7 
6'.·1. ttl. 6".1']7/1 • ... 921 t 116. GS tIS 71 6 .. '2 II '2 
6'.·1. It', n.un • .... 2'. til. • I It • 27 6a 19 
6 .... t. tat. U,II!9 .".'''i' 116. I t2 I. • •• 211 31 2' 6 .... t. tIl. "'.UJa .'.7'1,7'1 tl3. I II 11 t ••• " •• " •. ··t. 12'. 1.3.2.6&9 .. ..... 'I. " II 7't • . .. 1'0 '5\1 7 .. .. ~.··I. 12' • 63.2113 ."."'''' ••• • II " N ..' ... 1'" .. 6'.·1. 125• 611.1nt .fI.'UII all. I , 

" t • • •• .e 96 ..... a. 127. '1".J~" .'.511al .... I • • f. N . .. .. .. •• ••• ·a. U9, U. f 1l2 • .... 1.·2 u. I t " I' •• I. ..' .. 
6t.-l. 13'. 11.'2"3 • .... IIiI. IS. I 3 .. , .. t. -. .. 
".·1. IJI, ' ... ·2 .. • •• J05' '!I. I • It II .. n " u 
••• ·t. 132. 611."37 •• '.Ja1, IS. I t .. • •• 1 • • • 7" 
6'.·1. 1l3. u.,.32 ." •• r58 U. II 21 19 It •• '1iI 21 3. 
6'.·t. 13'. 61.''''3 .,..35', It. I 16 U I .. 't . . ., 
611,"1. 131. U,'9~1I .11.312' '" G J6 .. .. - .. " .5 
6 .... 1. 136. U.!I~1J .'.2716 Ute IJ a. • •• '1 ., "' ".·t. 131, U.S:92 ·".U3t t ttl e " 2 .. ~. •• .1 
6'.-t. 131. 61.",6 -'.0111 t'8. t ., 2 -. II It 51 ••• ··1. U' • 61,"57 ·'.1"231 U,. I f. N .. 66 II .6 
••• ·t. 1.(1. U,n79 ~'."·1 tit. • .. H •• ., 11 U 
".-1. t'l. 601.'2" • •••• 32 tU. 3 " I •• III .. ... 
." •• 1. 1'1. 111.77 tl ."."t2 It I. • 91 t - It I. 69 
61 •• t. ,,3. 11."15 .... 1"99. Ute • 9t II .. n liS OJ 

.6'.·1. 14111 • U.66:rt: • ••• "3 til. :5 97 If • • II ., II 
'1.·1. 1'5. 6I,U'3 .... U73 13. I .. .. •• •• ~. • • 1'.·1. I". U.7:"1I .~.271117 96. I " N •• II •• •• 61,·1. 111. U.61'" .".321. Ut. I .7 I .. '7 '3 .7 
•••• t. t. l • U.U52 .".3'" Ute II II 7t a - 7\ Sf 71 
6' •• t. I". 6lI.tt 9\1 .".'''8 ". I • U t: . .. '"~ 52 '1'1 11'.-,1. 151. 6·lI.'IU2 .".3361 II. • • .t .. •• " 31 n 
6 ...... IS'. 631.3769 • ... 7"1. 73. •• I'. 37 
6'.,"1. t.S'. n.SUI .... 7 ... II. ,. 3' It III •• 't. It .2 
' ••• ·1. 1$6. .·;.., ... ,)11 ... ·.7 •• -t 73, II II .~ III •• '1 .. ... 
6',"1., 1S7. . U.SlI', .f."1I. (te. I 7 " N .•. U It 9J 
,,1.--1. t.!\1I. S".339t .,'.n' •• 't. • t " " •• t. ., .t 
~II."I. 161'. II.Sttt • ... 7'>12 96. U .1 PI t - It .t. II 6 ... ··t. IU. 6I'.l03' .".'." '6. I'" U 19 11 .. 'I It I. 
••• ·t. U3. e~.l9U ."'.7567 u. I 2 ., , .. U III 9J 
• 11.-1. 16' • 6;O",:? ."."111') '''. • I ,~ ~ 7. ... 7' 6f.·t. 165. 6".'5'(1 ·".1.36 t"'. I 2 ttl U .. I' ", 14 
6e.·I. I f.lI. 111'.'.11'5 ·".159'., tilt • :I •• • .. ... ." 71 
,e.·t. I.". '-.''''6'' .".~'6' n. • , 

" t .. II ., 
"' 6".·t. If.o• 6/J.2312 ., •• '71\1 "3. (;S U 57 III ,)7 S6 S. 

.... ·1. 17'. ~'.~C2' .".9:1 14 2 PI. • , .. I .. '" III "" IIr.-l. 17 •• .0.: 791 • , .:('41 t'", ItS 2 711 211 ... "' "t 6'.·1. 17:t. ".Il!: -c. "~I 1:7. ~ • '1 tI •• 'J 31 .t 
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SAMPLE La' L"NG OEP'I' S[O IG IS II'! XCC ICC ICC APP 
NU"!'IEtt M ',PE hG S '" ICC 

I7l. _,' ... 7& .. 
TOH\. 6". -,. t::'.t"J~ UI, S I 97 2 2& !It .7 

1"'. -1. 17 4 • 6".1 t"~ .~·.p~t7 III, , 1 U 7 Jl 'I 32 
(,.,. ,-1. 11!'!. :,.1,1 J' 4 -,' .1ll5 I I", S I 96 3 J''t .\' ,,' 
el',-I. 11", • ". II!' I 

_\1.,", ~~ 1111, GS 211 72 " 77 '" I': 
t;:'. -1. \77. &~.2~'4 .,' .1~fI~ It~, S 3 95 2 311 39 .'" ~".·1. I'", Ii,' ,~.,!,' -" .71"1 127, 5 (I U 2 6" .\~ &\' &".-1. I"" , to;'. ~I ~3 .,·.1~"2 I ,'Ii , S , it' II 119 n ~& 

01',-1. I ~2. fo".13 17 .,'.04·'t lMI, GS 27 'it 3 /I; 4,) "" ~e, -I. \1)6. 63.-'124 .,~. !'!:Ilft 1,15, S I 'II 1 2' JII 24 
6P.,-1. In:'l, 6~,55!:! -1'.4:-53 ",, a 10 91' N 6" to2 61l 
6~,-1. I'" , !>",~42f> _r,l~'5 17, GS 311 59 :2 Ih' ~I C" 
tl',-I. :fj~. ~,' • ~~. 7 .",";·!\5 'II, 5"1: fol! U II, 94 '1'1 ,4 
/\"._1. '96. c;t.Sll511 _1'.71'39 66, S 3 97 N 97 , 97 
til.",·I, 191\, 6~.~118 .1',!l CJ 27 1<17. S .16 14 PI: 114 59 U 
6l1,·I. 2.'" • 5",9371 _",!'I92" 126, S \7 Il N 87 0,) "7 
6fl,.I, 21'1. 6(\,C/(l53 ."."~'3 1'3, S ae II' '" .. 711 5' III 
6(',·1. 2,·~. 6 ... 9!!'1 .;'.!I""2 U7. a 5 95 II II.! " ell 
61.·1. 2;'3, 6;1,91'2 .",11:06 !f'1. G 'l 7 N II 6e II 
61.·1. 2;1'. 6".707i' .A.7l72 16, I 7 n N .. '5 75 '5 
61.-1. 2:t5. 113,711" .... 11112 In. G III III N 715 71 75 
6 ••• ,. I,'A. 11;,1,7153 ., ... ~ .. lIll. I 5 ttl N ea 50 61 
6 .... 1. 2;.7. U.7176 .11.539'2 1119, I 1 .. N . ... .. .8 .. 
611."1. :t!,11 , '/1.711& ..... 9.1 1211 • • tI UII ., 79 52 79 
.fI .... l. :trOt 1~.7119 .. ".IOil!1 "~" S 5 95 to 72 72 71 
.61,·t. UI', 11".'5117 .". t9"~ '1, S"G 13 26 1 .. n II 77 
1 .... ·1 , h2. 111,11312 .1'I.l57~ "1, I 1 911 1 .. u 51 II 
1' •• 1, Ul, 6:'.Q'll .14,lti15 118. S • 9. 1 " ., " 61.·1, 2t·. 6:0.99,,. .".5'" 15'. S 5 15 N .. U 62 93 
.1.-1. 215, 6.'. C/."e .".511\11 132. I 5 15 Jo; 89 II 69 
6 .... 1, 216. ~3.9919 .,.nu lU. s It It N .. 117 ... 
6'.·1, 21 7, 6:O.~'!!~7 .il,II1"" 111.". GS ... II! t 18 '7 III 
6',·1, 21-11 , '1~.Q55J • P.I~'l' UI. GS •• ,: II II .. 1'1 
61.·1, u." 6.'. e6l1 .I'.Q"9! 102. 5 U '0 " .. 117 n 57 
68.·1, Ut, U,al77 .11.972l 95. GI U 72 II 15 .. 75 
11.·1. UI. IIi!, 7 !Ill .".911 75 6C1. IMG 13 l7 II •• . ., U III 
1'.·1. 223. iii ,79'" .11,99" ", I • 92 ,. .. 51 .. st 
'1 •• 1. 22', 1~.'t)ll' .1I,tell U8. iiI 21 7. II .. .. u •• 6 .... t. 225, U.I!b92 .... IJ71 tI. GS '0 11 II .. 7. • • ,. 
•••• 1. 226 , U.'Il91 .",.7UI 11'2. ,"G 78 n 1 n .. fJ 
H."l. n7. 1iiI. 9~55 ....;U~2 1'1. a 7 .t 1 .. •• 5t •• 
"'. "'1. n 8 , 811,9\"3 .p.I.··. 15 •.• I 7 "1 2 .. '03 "7 ..s 
•· ••• 1. 22 9 , &iI.':l'. • •• l5l3 161. I t .7 2 •• '5 U .,1 
1' •• 1. 2ll', 6~.'(U .",3e9' UI, I • 91 I .. .7 .. 57 ",-:. nl, 1!1".'219 .... 1'''22 "I. I \I •• II .. '1 ., 91 
6' •• 1. 2l2, 611.1792 .8.'UI lU. I , " N .. III .. 89 
6'.·1. U3. U.lnl .',5f19. &ll. I • •• Z II 43 611 
6'.·1. U', U.6IIU ·'.'''3 111, I t " N .. 70 .. 7fl 
11.·1, Il'. ·)3.6!1JII ·",7I1ll 79, I la ." II 71 " 71 
1',-1. UI, 'lI, '9'~1 .1'.7l'" II. GS 21 72 N •• 91 57 II 
1 •• ··1. U7, ~", '2U ••• 45'1 tlf. I I 15 l 72 '3 71 
1',·1. UII, u., .... .8,'21' II. I I .. N •• 12 n Ii 
'a •• l, 2J~, U.:lG63 • ... ;J5"2 SII. I • II I .. U 12 15 
••• ·1. 2'1'. ''','6U .'.'7', '9. I I 18 N •• IS If IS 
••• ·t. I" , 611,5674 ••• IU2 '86, • -. '" N •• III It III .... ,. 2", U.6;oU .'.IV63 'ti. I N ". .. •• u "u .. 
6'.·1, I"" ".'1'.11 .'.23" lIl. • I .. I .. I' 

,. 
I' 

6'.-1. ,.!I. n.'12\! .'.!D7, lSI. GI 2. 7S II .. 16 SI II 
6'.·1. UI. U,7,43 .'.15'15 111. I 1 " II .. 12 It II 
611.·1. 1.7, 1I.7UIl -"."19 91. I IS IS II •• U l6 U 

. 6'.-1. 1'8. 61.136, .'.'215' Ifl. I 2 It II '1 39 ., 
61.·1. 25r, 1lI."17 _fl. II797 79. GI 25 73 I -. ". .. .. 
6' •• 1. '51. U,'3 __ 

.'."'3 '3. I 17 It I •• .,. 17 III 
tll .·l. '''. lI.ll6111 .1of.6291 '7, " 17 72 1 •• 111 •• ,. 
".·1. 156, 1I,IUlll ·p.'''l II. I :I t7 N 112 51 U 
••• ·1. n7. "',lin .1.1I!!1I eel I 19 It II •• It " .. 
6'.·1. '5!!!, 611, all3 .1I.' .. ClIl Ill.' . ',S ... 112 • •• II '3 II 
6 •• ··1. IPS 9 • U,II'I17 .11.5:.71 us, I I II I •• lit '3 n 
••• ·1. 16", 6-.IUl! .".''l6, 132, I , .~ 5 2' It ,. 
••• ·1. 261, ~I', 17t:r .".3'"1 12 •• I 1 96 :s •• n l7 2l 
10."1. 262, 1i'.2;173 ·",' .... 3 UII. GI 33 15 I .. U .u u .... ,. 26', 1:1. U!' ·~.t2·1 UI. I J • 1 S .•. a • •• IS 
6'.-1. ,"5, 1HI.23119 .1'.0"'1 '''1. • • ... I 

_. 
Jl '2 ,. 

6'.-1. 1611, ~c?,'e6' ."."'." 1211. I I .. I .. 7fl '2 10 
6".·1. '7:. IlI.IIICI ."."'3 1'". I 2 ... I n l7 II 
111.-1. 271. !i,1.1l:!7 .I1.'2fo' 1'1'. I l 96 1 .. II II 51 
611.-1. 272. $'.1$.11 .0.951' fl. .. .. ta n 
6'.-1, 273, 61.'2" ·e.97l1 UP. I I ,. • .. '2 '2 '2 
".-1. 17'. ".!!3-' .e.l:!_, til, s t 97. I _. 35 46 35 
I" •• t. 2~". c.O.Dfl31 .C. !l1&J 117 • S 1 97 J .. ,. J' , . 
GII,-I. 2;tb. 6 ..... 16. .0.';:19 u(., , 1 ., 2 2!l J2 " 611',-1. '77, 61.,,::7 -0.2:1' 1\9. :;.'r. u .\ I ,~ " '2 
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•• "'L[ \,AT LO~G D[PTI' nD 1;'; U l" ICC ICC 'CC .'1' NUI'UR M TYP[ S&G a ,. "c 
~(! •• ,. ''1:0 6;0. '418 _~·.9t·.·: 9\. • 11 

TeTAL 
U l 55 ". ~l 

tll'.·l. :93. 6".'~14 .,'.1:4."2 II". a \.' 119 \ 42 •• .;> 
l-I'I.·l, :'0., f\i', ~n.:, _,' ,Ilt (J.' ". lS"u 52 ., 

" II. ':>1 ... . 
6:t.-t. 2'H! • I.I~. ,~ .. tl • 1o'.Pr.'~ &'. GS 21 18 1 71 4f, 11 
61'1.-a, ,iljl. 6.'.'!i~1I1 ."." , ... .. ~. GS '2 51 " 901 53 94 
f.1'.-1. 21)'. 6:-.'S~1I!' .{',7 AO " "tI. Ga 2S 15 ~ IItI . .. 96 
611.-1. 2!111. 6.'. ~I)~I .",7 4 .. '3 ~" . a 13 e7 " 95 63 9!> 
611.-1. 209. 6,'.'1\79 .C'.7J.~ '/I. r. '-2 t7 1 94 !II 9' 
611.·1. 3t~P • 6~.:3·i· .".f,·.·. !O!!. GS 37 U N 111 !>Il 95 
6'.·1. 3;'1. 6'.6319 ... ·."'2J9 ,p. a II u ... 83 tl3 
611.·1. 3r2. 6i'.64!'1! .".P.!l~ '7. S 3 91 1 I' tI6 
61l.·1. 3~]. j\1'.~"'~ •• ·.7·,9 5l. S"G 1ft 24 ,. 9. '!I 9 • 
6 •• ·a, 3,' •• 6'.67-" • P.1153 ~!5. S l t7 ~. !Ill "I 51) 
61'.·1. 3;>6. "J.2':O:' .... 35"5 12'. S I 97 2 3t u 31 
68 •• 1, 3~1. lIiI.I"7: .,'.3.1

,,: 135. S 2 18 9 al ... 23 
1111.-1. 3~1I. 6;'1.1 P7 ..... e56 12ti. • I 95 • 21' 39 21 
6f1.-2. I. (I~.119] .1.1"'5 59. S I 99 II 25 51l 211 
'1' •• 2. 2. u.a:"]3 ., .1·3i'2 -3. GS ., 53 ... Iii 16 
6 ••• 2. 3. 6I.iI',. .1.rUII 91'. S"G 66 n I 91 5l " "' •• ? ... IIJI.lll!'!' .1.1""1 9:1 • S 5 ,. I II" 61 9" 61.-:. '. 611./10"0 .1.t';':!P' 911. I"G a7 •• 3 ... 1& .. ... 
6e.~. 6. 6;1.11"1 .·1 •• ·.·", liP. S , 911 '" ~6 II 611 
61 •• 2. '. 611.~1131 .·1.1"1" !l6. ea U· 7. '" •• st .6 
11 ••• 2. I. 1r.:'ZI' .1.rll7 Ilt6. • I '1 3 .. .. '" .. 
" •• 2. I'. 6'.1119 • ·1 ... ,71 120. • 2 '1 7 .. 'If '0 
6 •• -i. 18• 6'."'7 .1.thl 'l IU. .I'G 6'2 JI N I. 61 
6D •• 2. II. 61.911" .1.97:1" 2U. • .. lit N •• II •• II 
6 ••• t. I'. 611 .1!!17 .1.",'6'7 Ifi. • 71 22 !II •• 7' -.. 71 
6 ••• 2. 2Z. U.a"7 • 1.', 50 86. S I n N II 98 
611 •• 2. 2 l • ".IISIIS .t.!l1I3:! tl6. a II I" ~I 76 '6 
6' •• ~. :'. U.iS'" .I.'l!lll '11. I I " II ., .. 61 
68,-2. 25. 6f.~"113 .,.7967 77. S 6 .. 'I 1e 16 
6~ •• 2. 26. u.nl7 .'.O.!!;, 11. GS 22 71 N 72 72 
611 •• 2. 27• U.1751'1 .1.9t167 73. II'G !l7 '2 I II III 
IIf •• 2. 2", 61'.115;' .a.1I3113 III'. GS '3 57 N 96 . . 911 
6 ••• 2. 29 • e~.172!! • 1.'l6' 7£. • til II N 9l 9l 
6 •• -2. 3/1. U.UIl 3 .1 •• ~17 '7. I I " N 511 .. IS 
.' •• 2. 31. 611.2451 ., .7733 75. S " Ii N U U 
..... 2. 33. U.Z"2 ·1.9992 211. '1" U 3. 2 .. .. •• .. 
•••• 2. 36. 6_.""2 ··I •• "Z5 U6. I I " III 37 •• . . 37 
6".-1. ". 611.3961 •. , .63'5 '5. ."G n 3. 1 27 .. . .. 27 
'11'.-1 .• .3. • ••• ,lll pol .• !I' " 110. • 16 " N '2 .... 72 
'1:.-1 .• ". 6 •• '39-' .. 1.713:1 ..... GI 3. It N '" ... ... " •••• 2. '1. SII.SH7 ., .,,'1111 116. G 91 • :I .. n .~ 
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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=vibrooore) 

Ba 
Bi 
E 
G 
S 
Br 
C 
F 
D 

is the % 
is the % 
is the % 
is the % 
is the % 
is the % 
is the % 
is the % 
is the % 

(volume) barnacle debris in the carbonate fraction 
bivalve " 
echinoid " 
gastropod " 
seIpll.id " 
bryozoan " 
calcareous alga 
foraminifera 
Ditrupa 

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

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

oc is the %(volume) of non-carbonate(lithic) material in the 
whole sanple 

gs 
so 
rd 
pl 
st 
be 

is the(average)visual grain size of the carbonate 
is the" "sorting"" " 
is the" "roundness"" " 
is the" "polish "" " 
is the" "staining"" " 
is the" "boring "" " 

fraction 
" 
" 
" 
" 
" 

NB.3 see pp.~--S6 and Table 2 for further expla.mation of textural 
parameters and scales used , 

NB.4 '!he data is IroStly grouped under districts associated with 
carbonate deposits. For details of exact locations, water depths, PSA 
and carbonate analyses, see Appendix 9. 
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Gulf of Corr::ivreckan 

No. Ba Bi E G S Br C F Uk ~ 2 !2 rd El st bo 

5H38 14 68 3 3 9 0 2 2 4j 2 3 3 2 

Pas sase of Tiree district 

SHI 38 49 3 4 2 3 0 0 17 10 4 1 3 1 3 2 
5H2 31 48 2 11 0 8 0 0 21 26 3 2 2 1 3 2 
5H46 23 44 4 5 0 14 0 9 16 30 3i 1 1 ! 1 2 3 
SH47 18 48 1 2 0 21 0 6 15 32 3 2 d 1 2 0 
5H63 56 27 4 4 2 4 1 2 13 4 4 1 3 3 2 1 
SH64 69 22 3 3 5 7 0 0 16 2 4 1 3 3 4 3 
5H66 29 33 4 0 7 18 0 6 6 4 4 1 3 3 3 2 
SH85 30 43 4 1 1 6 1 5 11 26 3 1 2 1 3 3 
SH256 38 42 4 5 5 6 0 0 1 56 4 1 

H 
1 4 3 

5H258 43 40 2 5 1 5 0 2 7 22 3 1 1 2 3 
58259 52 12 3 9 9 1 14 1 10 1 3 1 1 3 4 
58282 33 53 4 1 2 6 0 2 9 49 3 1 2 1 2 2 
58283 27 58 2 0 1 7 0 3 7 58 3 1 H 1 2 2 
5H347 26 34 6 4 17 6 4 4 9 37 it 1 1 3 2 
58348 27 39 6 15 11 2 1 0 2 64 1 2 1 3 2 
S8352 30 32 3 1 0 24 0 8 13 18 2 2 2 1 3 0 
58353 47 29 3 6 10 0 1 4 14 7 4 1 H 4 4 0 
5H435 47 22 4 6 7 10 1 3 27 8 31 1 4 1 0 

Hawes Bank district 

5H250 44 23 5 4 16 4 1 0 20 11 ~t 1 H 4 4 1 
5H391 13 54 0 30 0 0 0 1 3 76 1 3 2 0 
5H413 27 58 2 2 3 3 0 5 9 56 2 2 4 4 3 0 
SH417 8 30 5 6 44 4 4 0 3 58 4 1 

11 
1 2 3 

58563 27 53 1 1 9 5 0 3 12 58 4 1 3 1 1 
58564 38 23 3 5 28 1 0 2 13 18 4 2 4 4 1 
5H774 17 28 2 16 23 6 0 7 11 62 4 1 3 3 1 

Sound of EiSlSl district 

5827 41 24 7 8 6 2 13 0 15 21 4 1 3 1 2 1 
5H49 33 44 4 6 4 5 1 2 10 37 3t 1 1t 1 2 3 
5859 45 39 3 2 2 5 0 2 12 41 3 1 3 3 2 1 
5861 7 58 4 17 0 1 0 0 12 43 3 1 

H 
3 0 0 

SH166 78 19 1 1 1 0 0 0 5 52 3 1 1 3 1 
5H337 49 30 2 8 7 2 1 0 9 8 3t 1 3 3 1 
SH339 35 39 5 7 9 4 1 0 4 56 4 1 3 1 3 2 
58340 37 35 3 5 5 2 12 2 9 3 

H 
1 H 1 3 1 

SH357 52 42 0 4 0 0 0 0 4 23 1 1 4 1 
5H366 32 53 5 1 0 2 0 6 2 26 2 2 
58367 9 43 3 28 0 2 0 8 2 51 3 1 

~I 
3 1 2 

58422 11 62 2 4 1 5 0 11 9 71 2 2 3 0 0 
58424 42 30 3 8 8 2 1 4 12 38 3t 1 3 2 0 
58432 25 50 8 4 3 4 1 4 8 45 3 1 3 3 1 

Rubha Nan Clach 

S8ll 52 18 4 7 7 4 2 5 4 70 4 2 3 3 1 1 
5812 48 23 .. 6 12 3 1 2 10 4 4 1 3 1 2 2 
S813 25 42 8 4 0 15 0 4 3 25 3 1 1 t 1 0 0 
5H14 55 24 4 9 4 3 1 0 14 18 31 1 2 1 2 2 
SH15 35 48 5 1 1 2 0 7 3 70 2 2 2 1 0 0 
5816 25 54 7 1 0 10 0 2 2 47 2 2 1t 3 1 1 

An Ceanich district 

M270 25 35 5 7 2 7 13 6 16 23 4 1 3 1 1 4 
587 42 17 8 8 18 6 0 0 9 43 4 1 2t 3 1 1 
588 41 23 3 7 7 14 I 5 14 45 3 I 2 1 2 1 
SH9 49 22 5 4 9 6 1 2 12 48 3t 1 It I 2 3 
5810 6 50 2 28 I 11 0 2 18 54 1 3 2 3 0 0 
SH552 39 39 7 5 5 5 0 0 8 29 H 1 3 1 2 3 
58553 31 42 9 3 8 4 1 1 5 19 1 21 1 2 2 
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Stanton Banks district 

No. Ba !!!. E G 5 Br C F ~~ ~ ~ rd .e.! st bo 

5H717 5 32 7 8 31 13 0 3 5 19 4 2 41 3 4 2 
5H745 10 54 5 2 21 3 0 4 7 47 3t 1 4 3 2 1 
5H757 2 33 2 3 41 15 0 1 9 15 4 1 4 3 2 2 

Barra Head district 

5H128 5 29 7 6 3 5 0 41 3 80 
5H131 16 37 5 6 3 18 10 6 16 17 3 2 3 2 
5H178 4 66 1 1 3 6 0 9 12 52 3 q 1 3 
5H193 13 55 5 2 0 5 5 12 7 43 2t 11 1 1 
5H305 22 39 4 5 5 17 0 8 17 7 3 5 4 0 
5H306 9 39 3 1 2 38 0 7 13 1 J 3t 3 0 
SH307 4 58 6 5 1 14 0 9 3 74 
SH308 2 64 0 2 5 15 0 11 11 26 2 2 it 3 0 0 
SH328 21 70 4 1 2 2 0 1 21 46 3 1 1 1 2 
5H593 33 32 5 3 2 16 0 8 27 12 3t 3 4 0 0 
SH645 19 20 8 10 16 19 6 1 17 2 4 1 4 4 0 1 
5H653 19 24 3 8 36 5 0 4 13 50 4 1 5 3 3 2 
SR654 8 61 6 3 3 10 5 5 11 45 3l 1 31 3 3 2 
SR826 16 20 1 11 37 4 10 0 25 19 4 2 5 4 3 0 
SH844 4 36 4 5 5 37 0 8 15 11 3 1 1 t 3 0 0 
SH845 10 60 4 1 1 15 0 10 31 13 1 t 3 3 4 2 0 
5H846 7 28 1 2 2 53 0 6 18 1 2 2 3 3 1 0 
5H848 3 38 4 7 0 37 1 10 10 31 2l 2 2t 3 0 0 

west Hebridean Platform 

SC12 10 52 6 6 3 18 2 0 11 34 3 1 Jt 4 4 0 
5C30 5 31 11 9 18 22 0 4 6 40 4 1 5 1 1 0 
SC32 3 34 17 9 17 17 0 2 6 61 4 1 

!I 
3 2 1 

SC46 22 26 13 12 21 6 0 0 7 22 4 2 4 0 0 
SC47 23 23 12 14 19 9 0 1 8 9 4 1 4 1 0 
SC50 12 23 11 11 32 10 0 0 11 10 Ji 1 4 0 0 
SC51 4 19 9 11 34 17 5 0 3 2 4 2 1 1 4 
SC56 6 35 21 8 10 18 0 1 6 5 3 1 3 3 2 0 

Butt of Lewis district 

SC38 7 43 4 8 15 24 0 0 12 13 

H· 
1 4 4 0 0 

SC59 3 46 18 6 7 16 0 3 11 33 3 '. 3 4 0 
5C60 5 48 8 12 3 18 0 4 9 20 2 3 3 3 0 
SC61 15 52 9 6 7 10 0 1 4 32 3 1 3 3 3 0 
SC64 5 71 6 5 1 11 0 1 13 38 It 3 it 4 3 0 
SC65 9 62 6 9 3 9 0 1 11 26 3 2 4 3 0 
SC66 3 75 4 6 2 9 0 1 14 28 1 t 3 4 4 3 0 
SC72 12 52 8 9 6 9 0 4 4 35 3 2 Jt 3 4 0 
SC73 15 57 7 4 5 8 0 2 3 51 3 1 3 3 4 0 
SC76 1 56 6 7 0 23 0 5 12 30 3 2 

il 
3 0 0 

SC77 5 39 2 8 3 37 0 7 9 29 2 2 3 0 0 
SC78 15 39 12 7 9 14 0 3 5 9 

H 
2 4 2 0 

Se79 17 23 6 8 11 28 3 2 3 11 1 3 0 0 
SC80 4 52 7 7 4 19 0 8 8 24 2 4 0 0 
NS176 5 46 3 0 0 32 0 14 6 32 2 2 2 0 0 0 
NS187 10 74 1 2 3 5 0 6 13 22 

H 
2 21 3 2 0 

NS189 13 56 3 1 3 8 0 16 10 57 1 4 4 2 1 
NS211 15 75 0 0 0 7 0 3 17 49 2 

H 
4 3 0 

NS297 5 50 6 2 3 18 0 1S 18 23 1 3 3 0 0 
NS301 4 51 7 0 0 22 0 14 11 13 It 3 3 0 1 

Hebridean Slol2e 

SH783 1 37 9 4 1 19 0 6 220 2 28 4 2 3 3 3 
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Hebridesl miscellaneous 

No. Ba Bi E G 2 Br C F ~!!£ 2 !£ rd E! st bo 

M297 19 55 9 1 7 0 0 9 11 60 
M316 11 60 8 3 3 4 0 11 4 78 
N5209 5 30 6 0 1 4 0 55 14 66 2t 3 1 0 0 
SH21 38 43 4 1 0 3 0 I I 7 48 ~J 2t I 0 0 
SH89 23 50 4 3 1 6 1 5 6 56 1 2 0 1 
SH96 1 I 74 7 7 0 0 0 0 1 96 
SH121 39 42 3 2 1 7 1 I 7 14 
SH158 21 56 5 0 0 I 1 0 6 10 37 3 2 3 3 I 0 
5H238 58 27 3 3 3 5 0 0 3 2 3! 2 3 I 3 3 
SH238V 41 44 3 7 2 0 0 2 1 59 
SH239 54 25 3 9 2 5 0 2 2 34 
SH287 39 43 3 5 5 2 0 2 15 40 2t 1 4t 4 2 0 
SH288 65 22 3 7 I 2 0 0 19 35 3 2 5 4 3 0 
5H345 6 62 3 1 1 7 0 15 15 58 3 3 

1I 
4 0 0 

5H404 0 56 6 0 15 11 0 9 6 61 11 2 1 1 0 
SH420 15 69 5 3 3 1 2 2 6 58 4 1 3 1 1 
SH450 55 29 3 7 3 1 0 3 17 7 4 1 1 2 2 
SH485 5 S4 0 6 6 15 1 12 11 72 
SH502 40 41 4 8 0 3 0 3 3 35 Jt 2 3 3 3 1 
SH536 9 77 0 1 1 0 0 7 7 74 2 2 

H 
3 0 0 

SH585 9 69 1 3 7 0 1 4 5 39 Jt 3 3 4 0 
SH735 8 50 8 1 .1 23 0 8 11 18 2 2 1 0 0 
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CaEe Wrath district 

No. Ba Bi E G S Br C F Uk NC 2.! ~ !.9. E.!. s t bo 

M285 3 65 3 2 2 18 2 5 8 50 2 2 2l 1 2 2 
NS9 14 53 5 5 17 3 0 3 10 70 4t 1 5 1 2 2 
NS46 9 62 3 4 7 12 1 2 12 42 3 2 3 2 2 0 
NS47 35 36 4 6 8 7 0 5 19 16 4 2 4 2 2 0 
NS49 10 49 14 3 10 6 0 8 9 29 4 2 4 2 2 1 
NS50 20 24 7 3 3 12 11 20 1 94 
NS154 5 59 12 4 3 9 0 7 7 21 31 1 3l 3 2 2 
NS155 18 54 4 4 7 9 2 3 9 12 3 2 1 3 3 2 2 
NS195 12 19 2 5 54 5 1 2 11 46 4 1 5 4 3 0 
NS220 7 82 5 0 0 0 0 6 6 86 3 3 5 4 2 0 
NS222 29 29 8 5 13 6 1 9 12 70 4 1 4 3 1 0 
NS237 19 58 13 0 0 4 0 6 17 52 Jt 1 3 3 2 3 
NS293 11 62 5 0 4 12 0 7 9 46 4 1 3 4 0 0 

Nun Bank district 

NUl 24 36 10 5 19 7 0 0 2 54 Jt 1 

H 
3 1 1 

NU2 17 25 10 7 25 15 0 0 1 10 4 2 4 0 0 
NUS 14 34 10 5 10 24 0 4 2 23 :t 2 4 0 0 
NU6 17 45 7 2 13 12 0 3 4 44 2 4 4 0 0 
NU7 13 21 15 11 21 15 0 4 1 17 4 2 :t 3 1 0 
NU10 4 32 4 6 39 14 0 2 1 18 H 1 3 1 0 
NUll 3 52 16 2 6 3 0 18 1 63 2 3 3 2 1 
NU12 1 57 13 1 5 12 0 12 1 49 4 1 3 1 2 2 
NU13 10 37 15 3 6 21 0 a 2 25 4 1 4 4 0 0 
NU14 7 39 7 3 22 17 0 6 2 46 4 1 4 4 0 2 
NU15 a 40 6 4 21 19 0 3 1 46 4 1 3l 3 2 2 
NU16 a 33 13 1 12 23 0 9 1 15 4 1 3 1 2 0 
NU17 4 62 12 1 4 6 0 11 0 58 31 1 4 1 2 3 
NUla 0 48 16 3 8 4 0 21 2 74 3 2 3 3 2 0 
NU19 2 54 8 2 22 2 0 9 0 57 4t 1 4 1 2 1 
NU20 2 31 8 4 36 8 0 9 2 28 3 1 3 1 2 2 
NU21 2 33 7 1 4 4'8 0 5 1 14 3 1 3 1 0 0 
NU23 12 34 10 3 25 13 0 3 2 45 4 1 4 3 0 0 
NU24 5 37 5 3 42 4 0 3 2 2 4 1 3 3 0 0 
NU26 12 47 6 3 15 12 0 6 3 34 Jt 2 4 3 0 0 
NU27 9 35 12 2 4 28 0 9 3 20 3 2 3 1 0 0 
NU28 2 63 14 1 2 5 0 13 2 56 II 

2 3 1 2 0 
NU29 1 52 14 2 8 6 0 17 1 65 1 3 3 2 0 
NS244 27 52 5 1 1 9 0 4 14 38 1 4t 4 0 0 
NS252 17 56 4 2 14 3 1 2 7 43 1 4 3 2 2 

Solan Bank district 

NS81 7 43 8 8 ,23 8 0 1 5 20 4 3 5 4 1 2 
NS82 4 36 8 10 17 24 0 0 6 20 4t 2 5 3 0 0 
NS84 6 42 11 5 9 20 0 4 0 0 4 2 ~t 3 1 2 
NS86 2 32 5 3 0 12 0 2 300 3 41 3t 1 1 4 4 

Northern Sloe! 

NS72 0 22 4 1 1 8 0 5 440 3 38 Jt 2 3 1 2 2 
NS109 2 44 13 1 7 0 0 2 300 3 50 3 1 3t 3 2 0 
NStl5 3 36 7 3 0 10 0 16 230 1 16 3 2 2 1 1 1 
NSl17 3 40 10 4 2 10 0 8 220 2 53 Jt 1 3 3 2 1 
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Northern Shelf! Sleneral 

No. Sa Si E G ~!!: C F Uk NC 2 !!2 rd E.! ~ bo 

Nsi6 0 57 5 5 0 25 0 3 9 33 2 3 2t 3 0 0 
NS32 24 67 2 1 1 2 0 4 12 55 3t 2 3 3 0 1 
NS56 3 33 4 3 30 16 0 3 2 45 4 2 31 3 2 1 
NS57 3 36 9 4 19 18 0 6 8 24 3l 2 4 3 1 1 
NS69 1 53 4 0 0 15 0 13 1 47 3 3 3 4 3 0 
NS90 3 43 5 0 2 20 0 17 7 39 1 t 3 3 3 2 0 
NS91 1 46 10 2 2 10 0 8 5 44 3 1 3 1 2 0 
NS93 0 41 10 8 0 12 0 8 7 21 31 2 2 1 2 3 
NS94 5 17 2 2 1 4 0 1 2 17 41 2 3 1 1 3 
NS95 0 44 14 7 1 12 0 11 5 56 31 2 3l 1 1 2 
NS238 4 72 3 0 0 13 0 9 12 70 21 2 3 1 2 1 
NS245 14 42 2 7 25 7 1 3 10 54 5 2 3 3 2 2 
NS257 34 41 7 4 3 7 0 4 10 66 3 2 3l 3 0 1 

Pair Isle Channel 

NS18 8 26 10 5 5 40 0 6 6 11 3 2 ~t 1 0 0 
NS21 13 33 4 14 22 14 0 0 1 2 5 2 3 0 0 
NS22 2 37 8 4 6 37 0 5 2 3 

II 
2 3 3 2 0 

NS24 12 28 7 4 7 16 0 7 3 16 2 3 1 2 1 
NS25 9 40 10 4 7 21 0 7 5 13 2 H 3 0 1 
NS26 5 47 12 3 3 16 0 7 5 28 1 3 0 0 
NS123 0 27 12 2 3 48 0 6 16 10 1 3 3 2 1 
NS127 2 36 7 1 2 18 0 19 3 14 4 1 2t 1 2 1 
NS135 3 42 18 3 12 23 0 0 5 13 4 1 3 4 2 1 
NS136 13 27 3 8 32 17 0 0 1 2 4t 1 Jt 3 0 0 
NS137 5 39 8 4 21 21 0 1 2 11 4 1 4 4 0 1 
NS138 6 23 12 6 17 35 0 1 3 1 4t 1 Jt 1 0 0 
NS139 2 33 8 6 23 26 0 0 4 3 4 1 3 4 0 0 
NS141 1 29 7 8 27 23 0 6 2 10 4 1 4 1 1 1 
NSI44 4 39 11 3 7 29 0 7 5 6 4 1 3l 4 0 0 

North Orkne:t: 

OR61 31 34 4 10 15 6 0 0 3 1 4 2 :t 4 0 0 
OR35 20 45 7 5 11 11 0 1 3 1 3l 1 3 1 4 
OR37 30 38 2 3 22 4 0 0 10 2 4 1 5 4 2 2 
OR131 28 48 4 5 12 2 0 1 7 2 4 1 5 4 3 1 
OR132 32 34 5 6 14 8 0 1 4 0 4 1 il 4 3 0 
OR134 19 36 3 4 37 1 0 0 5 3 4 1 4 3 1 
OR135 24 38 2 4 28 4 0 0 5 3 4 1 4 2 1 
OR137 23 S2 3 5 14 3 0 0 3 7 4 1 3 0 2 

Orkne:t: Sounds 

OR26 9 68 7 5 7 3 0 2 3 59 3t 1 3l 3 2 0 
OR54 11 61 4 2 8 3 10 1 5 8 4 1 4 3 1 1 
OR56 6 64 3 1 1 20 0 4 3 50 21 2 2 3 2 0 
OR57 1 70 0 0 0 21 0 7 3 55 2 2 2 3 1 0 
OR79 34 47 5 2 6 2 2 1 6 12 4 2 5 4 3 1 
OR89 9 71 5 3 5 5 1 1 5 2 4 1 41 1 0 4 
OR138 29 60 4 1 1 0 0 5 9 44 Jt 2 4 4 3 0 
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East orkne:z: 

No. Bi Sa E G ~!!. c F Uk !!£ 2 !£ rd E! st bo 

MF490 24 49 5 2 12 4 0 4 3 14 4 1 1 4 1 4 4 z 
MF491 1 37 4 2 3 36 0 18 3 16 1 2 11 3 2 0 
MF809 12 40 5 2 6 24 0 11 3 21 3l 2 3 1 3 3 2 
MF810 4 39 1 1 1 36 0 18 3 19 1 2 21 3 2 1 
OR33 50 34 5 5 4 1 0 1 12 3 4 1 5 4 2 0 
OR44 6 63 2 2 1 17 0 8 14 2 2 2 3 3 2 1 
OR45 40 44 5 0 3 6 0 2 13 3 3 1 2t 3 2 0 
OR46 25 42 5 1 0 19 0 7 6 8 3 1 3 1 2 3 
OR48 16 55 5 3 1 10 0 10 7 15 3 1 4t 3 2 0 
OR76 13 59 3 0 1 17 0 6 16 6 31 1 3 3 3 0 
OR111 33 49 4 4 3 1 3 2 13 22 3, 2 4 1 3 1 
OR112 15 65 3 0 0 9 0 8 10 31 2 2 11 3 0 0 
OR116 16 45 5 6 14 13 0 1 4 3 J! 1 d 3 1 3 
OR118 10 48 3 0 0 31 0 9 12 10 3 2 3 3 0 
OR119 8 62 4 0 0 20 0 7 14 10 3 2 2 3 3 0 
OR120 11 46 6 0 0 25 0 12 7 4 2l 3 2 3 3 2 
OR121 14 S6 3 0 0 21 0 6 7 8 3 2 2 3 3 0 
OR140 18 52 2 2 2 16 0 8 17 9 

H 
1 2 1 2 1 

OR141 12 64 S 2 3 6 0 8 13 8 2 

11 

4 3 0 
OR160 7 64 2 0 0 18 0 10 11 7 3 3 3 3 
OR161 5 47 1 0 0 31 0 15 18 5 2 2 3 3 0 
OR162 13 61 2 0 0 16 0 7 4 12 3 1 3 3 0 
OR163 3 50 2 0 0 35 0 9 6 24 3 1 3 3 0 
58-03/1 17 57 6 5 12 2 1 0 7 5 H 1 3 1 1 3 
58-03/2 14 50 4 7 24 1 0 0 3 15 4 1 H 3 2 3 
58-03/2V 17 50 7 7 17 1 0 0 8 22 J! 1 3 1 2 

West Pentland Firth 

NS37 32 36 3 3 7 12 0 6 15 8 4 2 4 3 2 3 
NS39 38 29 5 9 13 4 0 2 3 7 41 1 5 4 2 1 
NS40 21 53 4 5 5 8 0 3 4 21 4 1 3i 3 2 1 
NS147 23 39 3 5 7 21 0 3 3 38 it 1 2 4 0 0 
NS148 16 55 7 7 8 0 0 0 3 30 1 

H 
4 4 0 

NS149 34 46 3 5 6 3 0 2 6 19 1 3 4 0 
NS294V 23 56 3 4 4 4 0 6 5 25 4 1 3 1 0 

Sand:z: Riddle 

PSI 40 37 4 3 4 10 0 1 8 1 4 2 4 4 2 0 
PS2 34 27 3 4 8 23 0 1 3 1 4 2 4 4 2 0 
PS3 29 27 2 6 9 25 0 1 S 1 4 2 

H 
4 1 0 

PS4 42 27 2 5 8 15 0 2 24 15 H 1 3 2 2 
PS5 45 27 4 5 11 7 0 1 2 4 4 2 4 4 0 
PS8 38 39 4 4 9 6 0 0 5 3 4 2 5 4 4 0 
PS9 39 34 3 3 12 6 0 4 3 23 3 1 2l 1 1 2 
PS10 2S 52 3 9 5 6 0 1 5 9 Jt 1 5 4 3 0 
PS11 53 11 2 S 25 2 0 0 3 5 4 2 5 4 2 2 
PS12 4S 18 3 7 26 2 0 0 4 7 
MF393 21 48 6 4 9 9 0 2 1 16 4 1 3 3 1 1 
MF408 13 8 1 1 75 2 0 0 1 14 4 3 5 3 3 1 
MF409 15 31 5 2 7 20 0 13 3 20 H 3 H 3 2 0 
MF487 1 45 3 1 S 20 0 23 5 39 2 3 2 0 

Mora:,: Firth district 

MF327 29 34 8 5 9 14 0 1 4 7 3 2t 3 2 1 
MF328 21 51 7 2 9 10 0 0 5 17 4 3 3 2 2 
MF388 19 42 8 2 S 19 0 4 5 34 

II il 
3 1 :2 

MF391 27 35 10 7 2 11 0 7 4 32 1 3 4 
MF395 12 67 5 2 3 8 0 2 5 21 3 0 2 
MF790 12 28 2 1 1 30 0 25 3 15 1 2 2 
MF791 14 43 3 1 2 18 0 19 2 47 1 2 4 
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West Shetland district 

~. !!!!!.!. E G 2 Br £ f !l!5. NC 2. .!£ rd El !.! bo 

60-02/22 19 36 3 2 31 7 0 3 12 8 4 1 2t 1 3 2 
/23 8 51 7 1 7 18 0 7 76 30 21 2 31 3 1 0 
/24 3 57 9 1 12 10 0 8 8 29 3 1 1 3 3 2 0 
/25 7 55 5 6 14 9 0 4 10 14 2J 1 3 3 2 2 
/26 20 43 3 , 23 4 0 3 6 15 4 1 4 3 0 2 
/27 10 65 2 3 10 9 0 2 3 5 3 1 4 1 2 4 
/28 9 41 6 6 14 22 0 1 7 1 4 1 4t 3 0 0 
/29 6 42 10 6 18 10 0 5 6 8 4 1 3 3 3 4 
/30 7 42 4 2 21 13 0 11 11 37 H 1 3 3 2 2 
/31 10 36 8 4 27 11 0 3 4 11 4 1 3t 3 1 3 
/32 13 37 1 4 36 6 0 0 2 14 4 1 5 3 0 3 
/36 6 49 9 1 8 13 0 13 4 56 21 1 2t 3 3 1 
/41 9 49 7 3 17 10 0 4 2 70 3f 1 2 1 3 3 

" /43 13 57 3 4 13 8 0 2 4 26 4 1 2 1 3 4 
/44 6 20 2 2 66 3 0 1 3 8 it 

3 H 1 3 3 

" /46V 5 48 8 0 16 9 0 15 4 23 2 3 4 2 
/47 2 58 9 1 13 9 0 7 3 19 1 4 1 2 2 

" /50 2 33 26 1 17 13 0 8 3 15 4 2 ~i 
1 2 3 

/53 7 52 18 1 2 2 0 17 3 19 3 2 1 3 4 
/54 10 45 5 3 30 4 0 3 5 16 4 1 ~l 3 4 2 
/56 6 39 16 5 9 8 0 17 0 10 Jt 1 1 4 3 
/57 5 37 14 4 11 14 0 15 1 38 4 1 4 1 2 4 
/59 2 34 19 6 9 4 0 20 6 42 2t 2 2 3 2 2 
/60 2 35 26 2 6 6 o 21 3 62 3 1 2t 1 1 2 
/62 8 45 14 2 10 5 0- 11 3 14 4 2 3 3 1 2 
/64 4 52 9 2 6 14 o 12 2 46 3 1 1 3 1 2 2 
/68 3 64 5 2 8 2 o 11 1 38 3 1 1 5 1 3 3 
/75 0 29 16 2 14 4 o 30 2 50 31 1 2 1 3 4 

" /119 4 48 19 1 2 4 o 23 1 54 2 3 2 3 0 0 

" /120 8 62 8 3 7 2 o 10 1 18 4t 2 4 1 4 4 

" /121 24 50 2 3 19 1 0 2 0 0 4; 1 3l 1 3 3 

Shetland - Out Skerries district 

60-02/100 6 42 16 8 12 11 0 4 1 8 4 1 4 3 3 2 
, " /101 12 50 18 3 5 8 0 4 2 12 4 1 3 3 2 2 

" /105 3 43 19 1 1 7 0 25 2 23 Jt 2 2l 1 3 3 

" /106 18 65 3 3 10 0 0 0 0 9 4 2 3 1 1 0 
" /109 7 57 7 3 1 3 0 21 1 24 3 1 2 1 1 3 

" /110 8 49 3 3 33 1 0 2 0 11 4 1 

H 
3 4 2 

" /111 8 57 8 3 1 3 0 20 1 31 3 1 1 0 4 

" /113 30 44 1 11 14 0 0 0 0 25 4 1 3 3 1 

" /116 13 44 23 4 2 6 0 9 2 8 Jt 1 3 1 1 3 
" /117 5 60 11 3 1 4 0 16 2 31 2 2 2l 4 2 0 
" /118 14 39 8 4 25 6 0 5 1 1 3t 1 3 3 3 3 

Yell Sound district 

60-02/76 4 57 11 1 22 2 0 3 1 19 3t 1 H 3 2 2 

" /78 7 48 16 5 8 8 0 9 1 36 3 1 1 2 4 

" /79 2 49 16 4 3 17 0 9 1 42 Jt 1 2 3 2 1 
/80 4 49 16 2 4 12 0 12 1 58 3 2 2 3 2 0 
/81 5 57 11 2 5 6 0 13 1 27 3 1 21 1 2 3 
/82 4 50 13 1 24 4 0 4 2 18 

H 
1 21 1 3 4 

/85 5 60 16 0 4 7 0 7 2 36 1 2 1 0 4 
/86 2 74 10 0 4 6 0 4 2 14 1 3 1 0 4 .. /94 9 54 18 3 4 4 0 7 5 7 4 1 Ji 1 2 3 
/96 7 61 14 2 2 7 0 7 1 3 Jt 1 2 1 1 4 
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Enclosure 1 

SEDIMENT CARBONATE CONTENT 
ON THE NORTH AND WEST 

SCOTTISH CONTINENTAL SHELF 
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