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1.  AREA

Inner Hebrides, Malin and Hebridean Shelf, Rockall Bank.
The cruise track is shown in Figure 1 and data shects in the -.

appendix indicate station positions.

2,  PURPOSE OF RESEARCH AND METHODS

The purpoée of this work was to observe and collect samples of sedi-
ment and organisms from the sea bed on the shelf and shelf edge west of
Scotland. The observations were made by underwater television and 70 mm
still camera and the sediment samples collected by grabbing, dredging
and coring. Our research focused on the nature and origin of the carbon-

ate sediments to further our understanding of modern depositional pro-

.cesses and cold-water limestone formation. We especially hoped to locate

and study cdyal banks on the shelf edge. Information on sediment thick-
ness and bedforms were obtained by geophysical profiling including, side-
scan sonar, pinger, sparker and depth recording. Shipboard work included
sampling, recording, station plotting, identification of specimens,
aquaria experiments, preliminary sedimentological analyses; subsequent
labwork has involved the identification of biota and description of‘
environments from videotape playback, textural, mineralogical and component

analyses of the sediments, plus computer analysis of sediment data.
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3.

for several days.

DOPERATIONAL CONDITIONS

Throughout)the wind was rarely less than force 5 and was gale force

A heévy swell prevailed for much of the open sea work,

Coral banks were not located on the Malin Shelf edge and two rock dredges

were lost attempting to sample this area.

two alternatives were open to us:-

When the weather deteridrated

either the vessel could move inshore

and work in the shelter of the Inner Hebrides or could head into the wind

towards Rockall Bank where coral banks were known to occur, travelling _

during the bad weather hoping conditions would improve on arrival. The

latter was the better course to adopt, for two reasons.

Firstly, to work

inshore with Shackleton would be a waste of such a large ship and secondly

for scientific reasons Rockall Hank held great prospect, in that it is a

shallow platform isolated from terrigenous sediment from mainland Britain

and likely to be accumulating benthic carbonate sediments as yet unde-

scribed.

Weather conditions improved sufficiently for us to operate most

of our equipment most of the time and a large amount of valuable data was

collected.

The stability of the ship and the midships 'A' frame made

underwater T.V. work possible under conditions of considerable swell.
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iii

vi, vii

ix, x

xi station plotting
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5.

SUMMARY OF SCIENTIFIC RESULTS

i)

Sediment composition (Data from laboratory analyses of

grabbed and dredged samples)
a. Inner Hebrides (depth 16 m - 200 m)

There is a great variation in CaCU3 content from 30%_t0
100% which relates to several factors:-

- the abundance of glacial terrigenes
- & variety of skeletal production sites
- diverse hydrographic settings.

Rockf exposures produce sediment rich in barnacles and
molluscs. Areas of strong currents but low wave-energy favour
the development of banks of calcaréous branching red algae.
Shallow sheltered zones are richest in molluses and foréminifera.
b. Malin Shelf (depth SO m - 200 m)

Lithic gravelsdominate the area with fine sands in hollows
though locally rocky highs have carbonate-rich peripheries.

The lithic gravels have admixtures of the following carbon-
ate skeletons: nolluscs, bryozoans, scaphopods, echinoderms
and foraminifera.

Rocky prominences (e.g. at Stanton Banks and at the shelf
edge) are rich in serpulids, bryozoans, mélluscs and echinederms.
c. Rockall Bank (80 m - 300 m deep) )

This boulder-strewn bank is‘currently being swamped by:
gravel- to silt-sized sediments containing 40% to 98% CaCO;5.
The carbonates show roughly concentric zones with serpulids and
brfozoans dominant at the centre, giving way to a mollusc-rich
zone surtounded by a benthic foraminifera dominated area and

rimmed by pelanic ooze. Lophelia corals occur in patches at

the margins of the bank between 200 m_and 400 m depth. There
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‘bution, wholesale inorganic solution (or precipitation) of CacO

is an absence of calcareous algae and barnacles which are
both very common inshore on the shelf.

- The abundance of major components against depth is shown - -
in figure 2 and lithofacies represented in figure 3.

ii)  Sedimentary structures and textures (Data from T.V., side-

scan, sediment analysis)
a. Imner Hebrides
axposed, - coarse sorted gravels_and_sands_with_tractidn;-__n
current structures such as meqgaripples
‘linguoid ripples ete.
sheltered - bioturbation of silts and muds bf decapods and
WOTMS .
b. Malin shelf
Poorly sorted gravels an&sandslocally rippled
é. Rockall Bank
Shallow zone - cdarse boulders swamped by well sorted sands qnd
gfavels with starved wave-induced megaripbles "
Deep zone - poorly sorted sediment with écattered
boulders, sand and silt, extensive bicturbation
by Fish,echinoids and decapods.

iii) Diagenesis of sediments (Qgta_from S.£.M, and petrological

microscope)

Bioerosion by boring aigae is common on.tﬁe inner shelf.
Bioerosion by fungi and sponges is common on Rockall between 150 and
300 m depth, tHe shallow zone is too mobile for borers to attach.
Maceration of carbonate grains is common though irregﬁlar in distri-
3 Was
not evident down to 400 m depth. Pelagics commonly are infilled by,

or altered to, glauconite below 200 m on Rockall Bank.
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5 '
iv) Mineralogy of carbonates (Data from staining and X—ray
diffractometry)
Inshore gravels and sands = .. are rich in calcite (from

barnacles) with local Mg calcite concentrations (from calcareous

algae and echinoderms) and aragonite (from molluscs).

Muds and silts in deep water contain about 30% CaCU3 which is

dominantly calcite.

Rockall Bank carbonates are mainly calcitic - some aragonité :
is supplied by molluscs in shallow zones and locally from corals in
deep zones, and some Mg caléite is supplied from echinoderms and
benthic foraminifera.

v) Suspended matter

Water samples were collected at 18 stations. Measurements of
suspended particulates showed that concentratons in the surface waters
of Roékéll Bank generally range from 0.5 to 0.85 mg/l; most corcentra-
tion levels decrease with increasing depth, although near bottom
samples at several stafions (50, 57, 65) have distinctly higher values
perhaps related to resuspeﬁsion of bottom sediment. For the most part

we assume the high values relate directly to the higher productivity of

bank waters caused by upwelling.

vi) Bex cores

Muds derived chiefly from the erosion of glacial deposits are
found extensively in the sealochs and coastal sounds of the West
Scottish Shelf. Large burrows are excavated in the sediment by fish

and crustaceans (chiefly Nephrops norvegicus). The polychalte/molluse/

echinoderm element of the. fauna corresponds to Thorsong'“Amphiura“

community. Although some carbonate is transported from higher energy




environments, biogenic breakdown of shells in situ occurs by

crustacean and fish predation. Fragile (e.g. Abra sp. and Thracia

convexa) plus strong (e.g. Nucula sp. and Arca islandica) shells .

are found fragmented in the sediment.

vii) Living fauna {Data obtained from T.V. and film records, and
.identification of dredged and grabbed'samples)

Closest attention was given to the carbonéte—proﬁucing organ-

isms and..those saoft.bodied-forms that directlf=ihfluenceusedimenta—qm:“,.‘-

tion. Two groups are important carbonate producers here: those
attached to rocks and those living on and'in the sediment. Planktonic
foraminifera that have drifted down from the surface waters consti-
tute most of the carbonate sediment at depths greater than 200 m.

The rock dwellers that contribute most material in shallow
waters (< 40 m) are barnacles, molluscs and echinoderms whereas at
intermediate depths (40 m to 100 m) bryozoans, serpulids and’ echino-
derms are more common. Rocks at depths greater than 100 m have
sparse encrustatlons of rock oysters, brachlopods and solitary corals.
Small patches 1.5 m high and 20 m wide of the branchlng coral
Lophelia were found living in an annular zone between about 200 m and
400 m around Rockall Bank. (None was found at the shelf edge at this
depth in the region of our survey). These colonies grow on a sea bed
of coze and harbour many organisms including:- worms, bryozoans,
anemones, decapods, hydroids and sponges.

THe calcareous in-fauna at shallow depths (< 40 m) is dominated
by mollusecs, though banks of free-living branched red algae locally
produce large quantities of lime in regions of high currents and low
wave action. In deep open water the calcareous sand dwellers are

mainly molluscs, echinoids and benthic foraminifera. The specific




types of each group varies according to manf loeal conditions
including currents, sediment size, rate of sediment supply etc.

The common soft-bodied organisms were also identified, the ..
significance of algae in providing a stable substrate in shallow -
water and the influence of various grazers and burrowers particularly
fish, echinoderms and decapods in“remobilizing sediment were noted.

Abbreviated faunal lists are incorporated in the data sheets

in the appendix.

viii) Living flora (Dredged and grabbed samples, T.V. records)

The photic limit as defined by the presence of living algae
was determined across the shelf and on Rockall Bank at the approximate
latitude of 56°N to be as follows:-

Near shore - 40

m
Colonsay sea 46 m
Blacksones 50 m
W. Colonsay 53 m
Off Skerryvore 57 m
Stanton Banks 78 m
Rockall Bank 91 m

v

Inshore, Conchocoelis is the algal species which penetrates

deepest but on Rockall Bank Phymatolithon rugulosum and Rhodophysema

elegans were the deepest living algae found.

ix) Solid Geology and Glacial deposits (Déta from dredged samples,

T.V. and geophfsical reéords)

Large quantities of lithic boulders were saﬁpled partly for
observations of epilithic organisms ard partly to contribute to the
study of éhe solid geology. Doubtless most boulders are glacial
eratics indicated by the shape and heterogeneous composition from
basalts and gneisses to chalks and sandstones. However T.V. observa-

tions indicated locations and outeropping nature of "in situ rocks which




along with dredged samples are being used in solid geology recon-:.:

struction.

x) Geophysical Studies

Thg éparker, pinger, sidescan and precision echo soundeé:
devices were all to aid in a fuller understanding_of the sediment
distribution, surface morphologf and subsurface_structure. They
were distinct benefits in shallow water and certain deep-water cases
(e.g. the-:location-of:-the -slumps on—the"E“oF*Rockall”Bankay‘sﬁarkerj
but for much of the cruise we were in too deep water to resolve the
detail of the seabed we required with the eqﬁipment we had. Ideally'

we should have used a deep-tow boomer and a deeb-tow sidescan rather

than the ORE 3.5 KHz pinger and MS 47 sidescan.

x1i) Underwater cine/current meter testing

An underwater timé lgpse Cine camera coupled with a recording
current meter. (belonging toDr.D.Fbmiltén of Bristol University) was
deployed for an 11 day test period in 80m of water 7 miles Sw of
Skerryvoe. Dr Hamilton reports that though a trigger failed causing
no cine film to be obtained the tests were most valuable in pointing
out the defects in the aparatus prior to the cruise Fof which the
equipment was originally designed and that on'correction of thé;e

faults excellent results have been obtained subsequently in the

SW Approaches.



GENERAL CONCLUSIONS

Sediments rich in carbonate of skeletal origin are accumulating in-
shore, on tﬁk shelf (at 56°N)_and on Rockall Bank having CacD3 percentages
ranging fromXBD% to 100%. ‘ C ' :

On the shelf, carbonate abundance énd component type relate closely
to local conditions particularly:- depth - degree of exposure" -
speed of currents - nature of substrate -  these factors in turn are
governed by the geological strucure, recent scﬁlpturing during glaciatiqn
and regional climatic éetting. The in-shore fine terrigenes of reworQed '

glacial sediments and the off-shore lag gravels are currently béing masked

by modern skeletal carbonates most of which are supplied from rocky substrates.

On Rockall Bank concentric zones of modern skeletal carbonates swamp

boulders of glacial origin. The dominant components of the zones follow

the sequence from shallow to deep water of: serpulids, bryozoans, gastro-

. pods, bivalves, echinoderms, benthic foraminifera, pelagic foraminifera.

Patches of Lophelia coral are abundant between 200 m and 400 m surrounding

Rockall Bank.

These shallow-water températe carbonates differ from shallow tropical

carbonates in a few major aspects which are summarised in the table below:

Compnsition:

Major skeletal
camponents:

Major mineral phase:

.Inorganie

precipitation:

Grain size:

Profile of banks:

Centre of banks:

TROPIEAL

skeletal + inorganic grains
(oolites, grapestones muds etc)

green algae, corals, molluscs,
benthie foraminifers

aragonite + Mg calcite

"present as discrete grains and

cements

wide range but muds abundant

flat or concave, due to rapid
sediment supply and lithifica-
tion at margins and damming by
reefs

low-energy lagoonal muds

TEMPERATE

entirely skeletal grains

barnacles, red algae,
molluscs, bryozoans

calcite

absent

gravels, sands and silts -
no muds

convex due to slow rate of
sediment supply. Marginal
corals do not support
precipitous margins

coarse high-energy gravels

Most of these differences relate to the higher supersaturation of sea

water with respect to CaCﬁ

gressively deeper water.

3 in warm seas. The differences diminish in pro-




"

Porcupine Bank is an obvious choice for the next phase of these
studies:-

1) It is close to Britain )
2) The poéition, depth and separation from land favour the éccqmula—
tion of skeletal carbonates in significant quantities.
3) The sediments in thg adjacent shallow inshore seas off Connemara,
Fire, are very rich in carboﬁates and well documented but ‘nothing is
known of the sediments beyond the range of divers. (Cooperétion:ié'
Forthcoming'from'tﬁe"geoldgiéts who have working in the ifshotre dreas) ~— -
4) Lthelia patches are known to occur around the bank edge, but
their precise distribution composition and structure are unknown.
5) The sub-surface structure of this_a;ea is presently studied By

marine geophysicists at Edinburgh University under the direction of

Dr Roger Scrutton.

Sediments on banks or sea mounts of similar hydrographic setting but
other latitudes should then be compared with those presently described in
order to balance the bias (towards shallow tropical seas) in our under- .
standing of carbonate sedimentation. Banks of 40 m to 400 m depth have
been neglected in carbonate stgdies partly because they are inaccessible
to SCUBA divers and partly because submersible studies are in thei;
infaﬁcy and up to now have focused on specific problems requiring both
direct observation ana direct sampling, rather than fegional aspec£s of
sedimentation. There are several banks and sea mounts at appropriate
depths in various latitudes that are not receiving large quantities of
terrigenous sediment and are not sites of active vulcanism (e.g. Faroes
Bank 61°N, Flemish Cap 47°N, Madiera-Tore Rise 36°N, Argus Bank 32°N,

Meteor Bank 30°N) where benthic skeletons are accumulating in sufficient

quantitiés to form limestones. Doubtlessit would be of great value in

ancient limestone' interpretation to learn more of the nature of sﬂch

deposits.
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