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PART ONE
FIELD GUIDE




1. GENERAL CHARACTERISTICS OF NORTHEAST COAST

The coastline of Northeast Scotland in plan is determined by faults
running close inshore to both North Sea and Moray Firth coasts. Along
the northern margin, an east-west trending system of faults can be
identified hy steep gravity gradients north of Fraserburgh. This line
also coincides wirh the orientation of a prominent bathymetric deep
(Cheshire, 1977). O0ff the east ccast, recent geological work hy the
Institute of Geological Science has confirmed the pioneer Quaternary
work of Jamieson whicn indicated that relatively recent geological strata
of Permo-Triassic age lie close inshore. For both north and east coasts,
the detail of the cocastal plan, within which the soft coastal elements
have accumulated, i¢ geverned by the varying lithologies of tne solid
geoiogy along the land marvgin. Three broad sub-divisions can be
identified where differences of litholegy and orientation have created
distinctive coastal scenery.

(a) The Highland schists of the Banffshire roast.

(h) The granites, gneisses and schists of the east coast of Aberdeenshire,
to the nerth of the Highland Boundery Fault.

(c) The vounger sedimentaries downfaulted south of the Highland Boundary
Fault, the outliers at Pennan, together with the downwarped sedimen-
tary formations of the Moray Firth basin, west of Spey Bay.

The Banfishive coast consists of a generally bigh rocky coastline with
small bays orientated in svmpathyv with the rapidly changing geological
succession cf the Highland schists., Units are small and generally
separated from each other by rock cliff headlands and deep water. The
bayhead orientation is continued inland by strike-stream valleys, often
marked'y overfit in relation to current fluvial activities, and the
fluvial input, with the excepticon of the Deveron, is generally small.
The coastal scenery is bedrock-dominated and rapidly changing in
character along the geological succession.

On the east Aherdeenshire coast, the role of the underlying bedrock,
although by no means uniform, is suhordinate to Pleistocene and post-
Pleistocene events. With the notable exception of the granite coast-
line norrh of Collieston (especially at Buchan Ness), and the intricate
cliff cosst between Girdleness and Stonehaven, the character of the coast
is ol extensive arcuate dune-backed embayments, hinged on low bedrock
outcrops ard lag glacial deposits. Fluvial inputs while locally
significant, are not impressive in their supply of beach material.

West of Spey and south of Stonehaven, the younger sedimentary rocks
form substantial lengths of high cliff coast, with variation in
character according to lithology. Particularly impressive are

the conglomerate sea cliffs at Fowl's Heugh, just south of Dunnottar.
On the north coast Permian sandstones form a very distinctive series
of low sea cliffs between Covesea and Burghead, but west of this
point, and between Lossiemouth and Portgordon, the coastline is
dominated by majer strandplains of late- and post-glacial age, again,
as in the case of the east Aberdeenshire coast, supported by bedrock
outcrops.

In relation to the soft coastal elements solid geology forms a varied
platform on which beaches and landward blown sand deposits have




accumilated. But over more than 807 of the sandy beaches, bedrock
geology forms a minor element in their eveoluticnary history and present
chararteristinrs. Excepticns occur on the Banffshire, Kincardineshire and
Moray ccasts, where the bearhes are set in small baybead situations
resting on rock platforms. Here the beach arc and its landward landform
characteristics arve closely governed by the geological framework within
which it is lodged.

The events of recurrent glaciation during the Pleistocene are much more
pertinent to the sof*t coast gecmorphology of Northeast Scotland. The
gianial hisrory of Northeast Scotland (Synge, 1956) involved successive
advances ¢f jce both from the Moray Firth basin and from the Deeside-
Denside atea. In Banffshive, the cliffs are capped by till and hy the
enigmatic -oastal gravels, both of which contazin material of Cretaceous
origin devived from offshore. On the east coast of Aberdeenshire and
Kiorardine a red 111 derived from Strathmore and from offlying submarine
candstene suterops forms a prominent capping te the sea cliffs, as at
Dennottar and Hackley Head., At several points both on the east and north
coasts, ancient elements cf the preglacial ccastline are plugged with
glacial ©il} even in relatively high energy siruations, testifying to

the relatively slow evolution of the pre-Pleistocene bedrock ccastal
landforms (Walton, 1959). Examples of till-plugged sea stacks occur at
Covesea and immediately south of the Bay of Nigg. TImpressive sections

of superimposed coastal tills cccur at the Bay of Nigg.

As the ice melted, large quantities cf fluvioglacia)l materials were
released into the cecastal zone, the materials being transported down
preglacial river vallaya as in the case of the Spey and Findhorm, or
more diveorly released from impressive meltwater channels as in the
Pepnan~Troup Head area. The high-cYiff coast near New Aberdour is
dissected by deeply incised roastal ravines which are partly of meltwater
origin In situaricns where ice-fronts rested near to the present
coastline, as accurred between Abherdeen City and the Ythawn, and at the
Bina Hill just west of the Spey, sorted materials were relezsed to be
later incorpovated into recent coastal strandplaims. large gquantities
of material tvaveiled dawvm the Spey and Findhorn which acted as major
late—=giacial spiliwavs, as attested by the huge lateral fluvioglacial
terraces of their lecwer and middle vallev secrions.

Land-sea relat.ionships rchanged as a result of the interplay of isostatic
rebound of the !and and eustatic change in sea level. The result was to
cause shoreline displacement, initially rapid and latterly slowing down.
Where wneounsntidated materials were subject to wave action, strandplains
were formed representing the land-ses relationship at that time, and
subsequent land rebound raised these to form thce late-glacial shorelines
which fringe rhe interior edges of the major coastal embayments. On
ocrasion, the late-glacial sea overtopped the hedrock cliffs, and
resorted the coastal gravels mentioned earlier to form beach gravels

as at Portknockie. Marine clays were deposited in sheltered coastal
¢ituarions as at Cruden Bay and Tipperty, often associated with a cold
water fauns. After this phase of relatively high sea level, it is
evident that sea level drepped to a level below that of the present time,
resulting in river and estuarine rejuvenaticn. As climate ameliorated,
vegetat {on spread into the emerging coastal zone.

Later in response to the warming world climate, sea levels rose rapidly,
and the coastal zone was inundated by a major marine transgression (the
Flandrian transgression) which caused a landwards migration of the shore-
line, leading to the burial cf peats and their capping with marine
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deposits, The nignest point of tne pestglacial transgression is marked
sea cliff at abcur o w U.D, which can be traced almost continuously from
Stratnbeyg in toe north to Aberdeen City in tne south. It also formed

tne well-defined inland margin of the Moray strandplains as at tne Bion
Hill. Final land ewergence causeu a second seaward shoreline displacement,
during wnich vast quantities of sands and gravels were made availahle for
shoreline vegularisation. Successive shingle bars ninged on till or
isolared bedrock neadlands mark tpe progress of this finzl peried of
shoreline dis¢placewent. 1In areas where substantial coastal embayments
existed, as in the Moray coast or the east coast of Aberdeenshire,
regularisation involved tne coustruction of wide strapdplains on which
blown sapd arcuwmuiated. On occasion blown sand deposits extended land-
ward of the marine limit forming a veuneer cn till and fluvioglacial land-
forms. In resporse to dominant wind and wave artivity, shingle spifs
were builr, deflecting the Ytnan to the south cn rhe east coast, and

the Spev and Lossie to tne west on the north ceast. The smcoth arcuste
nature of the coastal plan between Aberdeen and Colliesron, between
Buchanbaven and Tnzie Head, and between Spey Bay and Losciemcutn
represent a final shoreline equilihrium form acnieved through the
recyeling of sediment by wave and current West of Burghead, active
shoreliine progradation continues through ¢be huilding westwards of

epirs and bare. HMuzh of the materia! is devived from the recycling of

I exisring tcre’ands as in Burghead Bay, resvlcing in preblems of coasral
edge evesicn, as waves ard currents sweep the materie! westwards into

the funer Moray fFirth,

In the case af the smaller havhead beaches, the processes of change atre
less dramatic, as a halance appears to exist between material supplied
frem <19 ff and offshore sourcas, and that losr from rhe bheach by downcomb-
1og during heawy swell, On the Banfishire coast, where each unit is
sepavated from its neignbour by cliff coasts and stretches of deep warer,
2ach beach unit funciicns separately, but in the Inner Moray Firth, where
terge unit< are linked in long cosstal sweeps, coastal edge erosion is L
associated witn deflation of the exposed dune faces. Backshore erosion
at Burgnead Bav has in the past revealed exposures of the peat wnich
» formed during the shoreline regression phase precedinyg tne Flandrian (Steers,
RBIP 1

On top of the shingle forelands where the constituent material reflects
] the formerlyv abundant supply of fluvial aund fluvial-glacial materials,
sand defliated from the drying upper beaches pas accumulated as dune 1
svstems Tbhese vary locally in their ferm and complexity, Tne relatively
simple successive fcredunes cof Strathbeg, St Fergus and lossie form
F massive ridges sepavated by slacks. At rhe Sands of Forvie, and to a
lesser exrent Cuibin, the forms are much more complex, including para-
bolic dunes wonese current activity and pattern of evolution makes them
of great pnysiographic interest. Here the older late- and post-glacial
landform elements are largely buried by a blown sand landscape carrying
1 evidence of sequent occupance (Kirk, 1955). 1In both Culbin and Forvie,
3 the story of prenistoric and historic sand-blow cannot be separvated from
the activities of man (Ress, 1975). Historical and neo-historical sand-
blow at Culbin resulted in 20th century afforestation of the dunes,

but at Fervie, the dunes continue to evelve naturally.

The very large beach units and their backing forelands described above
contrast in size with the small bayhead units set within a rock-girt
coastline. Here the beaches rest on rock platforms and are generally
backed by settlements nestling on the post-glacial ledges, at the base
of a marked sea cliff, generally of bedrock, capped with till, and




overlain by thin and often discontinuous blown sand deposits. The blown
sand landforms are small by comparison with the North Sea coast beaches,

and are generally inactive, partially masked and modified from their
original characteristics by anthropic influences.

Almost all the beach and dune areas are man-modified. The most common
use 1s agriculture but some very extensive areas are afforested. Some
small bay units are dominated by harbours and fishing villages. Many
links areas are golf courses. Nature conservation is also well repre=
sented as at Culbin and Forvie. In spite of the economic significance
of North Sea oil and gas developments the visible impact of these
activities is remarkably small, consisting of two main areas, the

St. Fergus Gas Terminal north of Peterhead and the oil platform fabri-

cation yard at Ardeseir. Otherwise the evidence of North Sea 0il is in

the bharbours and urban areas.




1 (a) BALMEDIE

Although the area is, for convenience, described as Balmedie, it
includes Figie Links to the south and Pettens Links to the north. The
area popularly known as Balmedie is named after the village and cn
Ordnance Survey maps the dunes and links are called Drumside.

As shown Balmedie has the advantage of a good quality surfaced road
leading to large car parking areas with services and other facilities.
Nearby is the growing village of Balmedie with shops and a hotel. This
area is tbe most important beach and dune recreational area north of
Aberdeen which is 11 km away by road to the south.

T pe———

T

The Balmedie dune and links areas correspond to the sectien of the
coastal plain where the old cliffline retreats furthest inland and is
replaced by a broad, low raised beach surface only a few metres above
present sea level.

The ease of access which concentrates hundreds of visitors to a specific
entry point and which has a clear environmental impact on the dune

system is epitomised by the aerial photograph which, although taken in
1972, clearly illustrates the radial path system con the most popular

part of the dune system. Since this photograph was taken the parking area
hac been enlarged and additional parking areas south of the one shown have
been developed. The total capacity is now of the order of 500 cars.

These new car parks have allowed other points of access to be used and has
thus spread pedestrian impact more widely.

Five streams reach the beach zone in the Balmedie area. The Millden is
rhe largest and has the greatest catchment area. The Kepplestone Burn
(alsoc called the Eigie Burn) immediately to the north is the next largest.
The succeeding stream is much smaller and reaches the beach beside the
Kepplestone Burn. Further north the Blairton Burn separates Drumside
Links from Pettens Links where there is also a small stream course.
There are other minor streams, ditches and drains in the general area and
some of them end in low wet or marshy hollows in the links and do not
| break through to the beach. Nevertheless, as a consequence of the amount
of drainage water, the links areas can be very wet in winter with pools
ot standing water in some dune slacks and in many places the ground
remains wet for much of the summer. All these streams contain water
derived from field drains and are probably rich in nutrients. The
amount of water entering the beach zone directly or by seepage has some
morpholegical effects on the beach and foredune zonmes. It should also
be noted that all these stream courses have a history of migration at
the pcint where they leave the dune zone and cross the beach. Over
the last ten years studies of aerial photographs show that such
changes in position can be quite appreciable.

In anticipation of the increase in population at Balmedie a new sewer
outfall pipe was laid in 1974 through the links and dune zones and ]
passes under the beach near the outlet of the Kepplestone Burn before
terminating several hundred metres offshore.

The intertidal beach ranges from 120 to 190 m wide and has a complex,
dynamic morphology, best described as a series of sand bars and tidal
pools. Towards low water mark the beach has a scalloped shape with
detached and partially detached bars up to 100 m long lying along the
breaker zone. Deeper pools run into the beach. Near mid-tide level
there is another more varied series of sand bars with channels or
lcws running obliquely between them. These bars also retain pools of




water which parallel the shoreline. These longitudinal pools are most
conspicuous where they are fed by stream water discharge. At times an
almost coutinuous pool can link all the stream outlets along the beach

at a level just below that of high water mark. The intertidal beach is
therefore undulating and wet., In those few places where there are no
bars, sand banks, tidal pools or stream courses, the beach is low and
flat. Above high water mark there is an abrupt steepening of the beach
profile (5 to 7°) to a high sand platform which rests against the base of
the foredune. In winter it is not unusual for this higher sand reserve
to be removed and the tide reaches to the base of the dunes.

Below low water mark there is evidence to indicate that a further series
of sub-parallel sand bars, separated by deeper hollows are found
offshore.

In the south, the foredune ridge forms the eastern boundary to the
Millden Burn which flows for almost 500 m parallel to the beach before
turning sharply east at the base of an undercut, high sandcliff to
meander across the beach to the sea. This dune ridge has an asymmetric
profile with a steep, formerly undercut, seawards face. Recently there
has been accretion at the base of the slope and a low parallel foredune
has formed on the original slope. Considerable quantities of sand have
blown onto and over this dune ridge and there is vigorous Marram cover.
Beside the Millden Burn there is also a steep bank which has been pro-
duced by stream action.

On the west side of the burn and especially where it nears the beach
there 1s severe undercutting to produce bare sand-cliffs which are, in
places, up to 14 m high and lead into three relatively large blow-out
features. The stream has shifted south recently and sand has filled its
old course which is in process of colonisation by pioneer species.

Furtber inland the dune backslope becomes hummocky and merges into broken
lines of old sand hummocks and ridges. The impression gained is that of
an amorphous field of low sandhills and broken ridges which are separated
by low hollows and flats. There is, however, an impression of parallelism
in these fields of hummocks. Near the outlet of the Millden Burn the
dune zone becomes much higher (over 15 m 0.D.) and the sandhills are
deeply dissected by active blowouts with steep undercut sides. The
excavated sand has spread inland onto the lower links surface. Further
north the same high series of sandhills form the coastline where it is
again undercut by storm waves during high tides. This high sandhill

zone 1s broken by a very large blow-out complex (about 250 m north of

the Millden Burn). This is a major erosional feature which has been
reduced to the base level of the water table. The sides of this blow-
out are over 20 m high, steep and being actively undercut. Pinnacles

and ridges of Marram-covered surfaces remain to give a highly dissected
appearance to the local topography. The sandhill complex is higher on
the north side from which it slopes steeply towards a further complex

of dunes and sand ridges south of the Kepplestone Burn. The main blow-
out has received some remedial work in the form of replanting and sand-
fence construction. In spite of this, the bare sands drifts steadily
northwards down onto the lower backslope of the main dune zone.

North of this major blow-out there is a broad, crescentic arc of high
sandhills which fall steeply to another curved hollow, part of which
reaches down to the water table and forms a marshy pool of standing
water, especially in winter. This high sandhill complex rises to more
than 25 m 0.D. and is being dissected by wind erosion on its south side.
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The north side is very steep (over 20°) and is a partially stabilised
depositional slope,

Aleng this secticn of coastline, i.e. between the Millden and Kepplestone
Burus, the coastal edge is at first a steep sand-cliff which was cut by

a recent northwards extension of the Millden Burn. The stream has
shifted southwards and sand has accumulated over the former outlet area.
Vegetation has colonised this higher beach surface and the sand-cliff
shows signs.of natural restabilisation., Between this old sand-cliff and
the entrance to the main blow-out complex (which is a bare sand ridge and
is net reduced to beach level) the coastal edge is steep and shows signs
of undercutting. About 50 m north of the blowout there is a dune ridge
which extends north to the combined outlets of the Kepplestone and
Balmedie Burms. There is a high (8 m), broad, accrefting ridge with a
steep seawards face. Vigorous stands of Marram and Sea Lyme grasses
testify to recent and continuing sand accretion. The backslope of this
ridge runs into older dune and sandhill surfaces which have been severely
eroded where there were large concrete gun emplacements (these were
reduced to rubble and broken slabs by Army demolition teams in 1974).
Inland from the gun emplacement area there is a prominent residual
sandhill which slopes steeply in a talus-like ramp of sand into the
meandering course of the Eigie Burn. This general area has been greatly
affected by human usage over a long period of time.

The Eigie Burn has steep banks where it cuts through the inner dune
backslope and zone of hummocky links. Nearer the sea there is a broad
marshy floodplain which might be underlain by peaty marsh deposits.

North of the Eigie Burn there is a mature sandhill area with distinctive
stabilised hollows. These are likely to have been old blow-out

depressions.

The Balmedie Burn flows through a shallow basin-shaped area which has

been modified as a result of stream straightening and the restoration £ o

works associated with the laying of a sewage/drainage pipe through this
zone to the beach. Before these changes this was also a marshy area,
especially north of the stream course.

Nerth of this stream is the area of maximum recreational pressure. This
is a hilly area with numerous bifurcating footpaths. Perhaps surprisingly
there is little ercsion associated with these bare sand footpaths.,

lLarger erosion hollows tend to occur on the northeast side of this sandhill
complex. In the centre and south there are distinctive, deep hollows
which are mature, fully stabilised large-scale blow-out features. The
north and east-facing limit to this high sandhill zone is a steep escarp-
ment which is completely bare of protective vegetation over much of its
length. Although steep and bare there is little sign of active erosion
here and towards the sea there are signs of recolonisation and some
rounded yourg sand dunes have developed on the floor of the main

deflation surface.

The coastal edge immediately north of the stream outlet is steep, and
in places, undercut. Nevertheless, undercutting has not been a problem
in recent years as the beach seems to be sufficiently thick and wide to
offer some protection to the frontal dune slope.

The coastal edge which lies to the east of the massive deflation
surface consists of eroded fragments of the original dume line. Active
dissection has produced steep relief forms which bave been accentuated by




redeposition onto the residual vegetated surfaces. Further north the
dune line remains intact but i1s under active wind erosion from the
landwards side.

In the extreme north cf the area dissected ridges curve landwards and
ferm the margin of another high relatively stable sandhill complex.

On the seawards margin there is a zone of accretion and a high, stable
dune ridge has formed over older, more irregular, sand ridge morphology.
This dune has a characteristic concave profile with the lower segment
being produred bv recent sand accumulation.

One cf the most impressive landform features at Balmedie is the great
convex vidge of totally bare sand with its associated deflation

surfaces to the south and its encroaching, mobile steep-fronted sand
slopes fo the novrth. This massive sand wave 1s almost 500 m from south
to nortn and cver 200 m wide. This area at Balmedie is the first of
three similar extensive sand waves which are found south of the Ythan
estuary and an even larger series of similar surfaces are found in the
Sands of Forvie. To describe this sand wave feature as an erosional
area is an oversimplification. Certainly there is active erosion and
sand transpert from the south where deflation has reached down to the
base level of the water table. On the margins to east, west and north,
dunes and older sandhills are being attacked by various forms of wind
erosion at a varietv of scales of activity. For most of the surface,
however, the main process consists of mega-ripples of sand shifting
acrcss a broad convex dome which is based on a former area of high sand-
hills svch as remain in existence further south. These sand layers move
with the play of the wind but there is a net northwards migration and
the limit of advance is marked by an abrupt steepening of the encroach-
ing sand (ront. Blown saund is also carried landwards over the zone of
hillecks and for a considerable distance onto a low undulating lioks
surface nearby. Tt is not unusual to visit Balmedie (and the areas
further novth) and see clouds of sand reaching 10 to 20 m into the air
and being carried for a considerable distance inland. Such deflation
can cccur in any season but seems to require winds greater than 30 to 40
koots and drv cendirions to produce such spectacular movement.

The developwment and rate of expansion of this and similar sand waves
would requive considerable research work but it is likely that its
origin is due to the expansion of a major blow-out complex on the
soutb-facing flank of a zonme of higher sandhills or ridges which expands
northwards and, possibly, coalesces with other erosion features to such
3 degree that the original protective vegetation is almost completely
destroved. After a certain stage the process might be self-accelerating
in so far as pronounced wind channelling could be produced as a result
of deep topographical dissection.

Inland frem the broad range of coastal dunes and sandhills there is
normally a low area (4 m 0.D.) which extends for several hundred
metres landwards to the limit of blown sand. The limit is invariably
in an area of agricultural fields and is difficult to define. In
some fields old, flattened dune and sandhill topography can be dis-
cerned. These mature surfaces might be ancient landforms related

to a different coastline position. Elsewhere, the links are

smooth or gently undulating. There are also marshy depressions and
some permanent pools of standing water. The stream courses are
often artificially straightened and the old courses can just be seen
as sinuouys damp depressions. Between the various types of links
surfaces there is normally a zone of mature hillocks or low
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discontinuous sandhills. These hillock areas appear to have random topo-
graphic patterns but it is possible to see suggestions of a south to
north orientation; a direction which is often picked-out by relatively
straight, but discontinuous, depressions.

Field boundaries, drainage, cultivation and grazing has altered the
surface forms of the extensive links surfaces at Balmedie but enough
remains to suggest that the natural morphology is far from uniform and
probably represents a complex history of development.

On the whole the vegetation of Balmedie and .adjacent areas is similar

to that of most of the dune coastline between Aberdeen and the Sands

of Forvie. The dunes are covered in the usual Marram—dominated
association, ranging from early to late stages of fixation and complexity.
Several of the newer coastal dunes sections have an admixture of Sea

Lyme Grass. Where there has been recent erosion Marram tussocks are
revitalised, but other subsidiary species tend to be eliminated.
Associated with the combination of heavy pedestrian use and a range of
natural depositional and erosional processes is a wide range in ground
cover species.

The most distinctive vegetation change is between the areas of long
dune grasses (ammophiletwn) and the short dune grasses and shrubs

such as Gorse and Broom, of the links. Grazing (including rabbits) is
a factor in modifying vegetation associations but the stability of the
landform, its height and slope, and, most significantly, the depth to
water, are the dominant environmental controls.

In the wetter areas, but also in some of the drier links and backslope
areas, there is a considerable variety and richness in floristic com-
position. Near the stream courses, especially the Millden Burm, there
are considerable numbers of plants, ranging from rushes to mosses.

The vegetation and to a lesser extent animal life at Balmedie is des-
cribed in considerable detail in the 'Ecological Survey of the River

Don to River Ythan Report' to the Grampian Regional Council. Tn this
reporft, the scuth part of the area is considered to be of most interest
and variety. Further nmorth trampling is considered to be responsible
for reducing the variety of species. The same report also quotes Leney
(1974) who studied the effects of trampling and other activities on
vegetation in the Balmedie area and concluded that Marram and other dune
species are sensitive to even light trampling pressures. At certain
moderate degrees of trampling a few species may be promoted, i.e. Poaq
pratenste, Festuca Rubra, and in damp areas Agrostis stolonifera, Carex
arenaria, Carex nigra, Juncus squarosis (Grampian Regional Report, 1977,
p. 49).

Although grazing, burning, drainage and trampling are important controls
on tne patterns of vegetation at Balmedie, it is nevertheless necessary
to state that large areas remain relatively unaffected by direct
anthropic modification and retain a remarkably natural appearance, in
spite of the thousands of visitors who come to the area each year. This
observation might be related to the resilience of the vegetation types
but it is also related to the pattern of recreational and other
activities and the way in which much of these pressures pass through

the links and dunes areas or take place on a variety of bare sand
surfaces and leave such transit surfaces more or less unchanged. On

the whole, natural forces still account for more physiographic change

at Balmedie than those changes which are induced by man.
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Four main types of geomorphological processes can be seen at Balmedie.
The beach zone is the most dynamic zone with considerable variations
in offshore-onshore rates of sand movement. In general the backshore
builds—up in summer and the base of the dune cliff is masked by a ramp-~
like slope of wind-tlown sand. In storms this reserve of sand tends to
be removed. Similarly, in winter, the beach is lower and flatter due

to the greater proportion of destructive, back-combing waves. Longi-
tudinal movements are equally important with the net longshore drift
appearing to be north-going. Bars, lagoons, troughs and berms drift
along the coast at variable rates. With prolonged northerly winds

the process may reverse and the beach changes accordingly. Some lagoons
and peools are more permanent, especially those related to the stream
outlets. Nevertheless, these outlets also change their position and
their courses across the intertidal beach are obviously diverted or
changed in response to the interaction of freshwater flow, wave and
tidal action. These changes in beach morphology are complex and little
can be said that would aid the prediction of likely alterations in short
or long time scales. DMoreover, Balmedie beach is not a closed system
with clear boundaries; it is a small part of the greater beach system
of Aberdeen Bay - a 24 km arcuate beach between Rockend at Forvie and
Girdleness et the mouth of the Dee in Aberdeen - and sensitive to the
more general changes that occur within this wider system.

Associated with beach changes (which, in turn, reflect changes in wave
action, tidal levels and sand supply) are the processes of erosion and
accretion along the coastal edge. Dune cliffing and undercutting are
normal occurrences where all the streams break through the dunes to
reach the beach. Flsewhere erosion is due to wave action when the sea is
raised hy tides and storm conditions. Undercutting and slumping produce
the characteristic steep seawards profile which leads upwards to a
relatively sharp crest corresponding to the plane of weakness down

which blocks and sections of the dune front slide to the beach. From
time to time, sections of these sand-cliffs stabilise or even acquire

a low parallel accretionary ridge at their base, thereby producing the
concave, 'step-like' procfile which is presently found at the south end
(Pettens) of the area. There are also sections of more permanent
accretion particularly near the Kepplestone and Balmedie Burn outlets.
On the whole, observations seem to suggest that there 1s some accretion
of sand on most backshcre and frontal dune areas. This current build-up
of sand has reduced dune-face angles, increased stability, invigorated
dune vegetatiocr and generally disguised some of the earlier erosional
features.

Related to the supply of sand from the beach is the second zone of
activity, the crest of the coastal foredunes. Three areas are presently
characterised by accretion. These include the finger-like dune ridge on
the south side of the outlets of the Millden and Kepplestone Burns.
Blown sand has spilled across to the backslope zone in both these areas
and strong Marram and Sea Lyme tussocks produced rapid and effective
consolidation. A similar accretion occurs along the coast on the
extreme north part of the area of study. Sand accretion has also

taken place on the seawards side of almost all the blow-out features.
These zones may or may not be vegetated. The deposition tends to take
the form of a broad ridge lying transverse to the entrance of the blow-
cut where it breaches the coastal foredunes ridge. Further inland the
morphology tends to consist of amorphous sand hillocks which are
partially vegetated by young Marram plants. Both these depositional
landforms represent natural methods of stabilising erosional features
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and emphasise the cyclical nature.of many geomorphic processes in coastal
dunes.

To the landwards of all the active blow—out and deflation zones there are
extensive areas where sand spills onto older mature surfaces. Where the

blow-outs are linear, e.g. on the south part of the area, the redepositional

zones tend to be hummocky and steep. Where the deflation surface is more
extensive, e.g. in the north, redeposition consists of extensive sheets
of sand which can be carried .relatively far inland. Local wind flow
patterns control the shape and volume of redeposition as does the slope
and configuration of the reception surface. The time and rate of sand
spread determines whether or not the pre-existing vegetation can survive.
In general, Marram can stand several centimetres of burial; short

grass sward cannot., Activity is not confined to the inner margin of
blow-outs; the edges, especially those on the north and east-facing
flanks, are actively undercut and retreating. Spectacular, high slopes
of sand are produced especially 1in the southern groups of blow-outs.

Very high sandhills are found where local redeposition associated with
such erosion is adding to an already high sandhill surface. 1In the
north in the deflation sand wave areas, erosional activity has produced
highly dissected, residual-type landforms on all sides except the south.

The remaining area of major sand movement occurs on the larger deflation
and blow-out surfaces where waves and mega-ripples of sand migrate with
prevailing wind conditions. At the leading edge of the main (north)
deflation area, sand cascades forward in a steep slope on both the north
and northwest margins. A similar but smaller migrating slope of bare
spilling sand is found on the south side of the Kepplestone Burn near the
old gun emplacements. In this location the sand is removed by the
stream and transported back to the beach zone.

The remaining zones of activity are related to the streams themselves.
Downcutting is limited by gradient controls and most of the lower
courses are at altitudes of the order of 3 m 0.D.; only a little higher
than spring tide levels. Moreover, part of their courses is underlain
by peaty layers and (it is suspected) by shingle spreads. Erosional
activity is directed laterally, and is most obvious at the stream out-
lets. Nevertheless, the steep slopes and incised courses of the streams
as they cross the hillock and dune zones should be noted. DMuch of the
stream load is deposited in the distinctive flat marshy tracts which

are found in all the stream courses where they cross obliquely through
the main coastal dune system. These marshy flats are depositional zones
for entrained sand and finer sediments. There is also organic deposition
provided by decaying vegetation remains. A further factor influencing
deposition on these low marshy tracts is the observation that tidewater
penetrates occasionally quite far back up the stream courses.

| —




1¥2

1 (b) THE SANDS OF FORVIE

The Sands of Forvie is a triangular area of extensive complex dune
systems. It forms the northern part of Aberdeen Bay and lies north and
east of the River Yrhan. On a broad scale it is possible to distinguish
two landform tracts; North Forvie where the sand surfaces lie on top of
an increasingly high rock plateau (which reaches the sea at Rockend)
which is, in turn, covered by various thicknesses of glacial deposits,
and South Forvie which is a narrower peninsula of sand resting on raised
beach terraces and buried ridges of glacial origin. The south extremity
of South Forvie is a dynamic spit and bar formation where the River
Ythan meets the Nortn Sea.

In the N.C.C. Review (1977) the Sands of Forvie are summarised as
follows:

"Dunes (810 hal. These form the jifth largest and
teast man-dicturbed of the large sand-dune systems in
Gritain., Lime deficient and locally highly mobile
dunes cre developed as river-mouth spits and there are
pen ccast dunee to the south. There 1s an extensive
develcpment of glack communities, espectally a Salix
repens=Erica tetralix—Empetrur: nigrum type, and dune
dwarf-garub-Liichen heaths .... This site is also
raegarded cs an important northern example of lowland
1weidice heatn. The bryophyte flora is rich and there
'8 a etrong representation of northern species . ...
There are moderate colonies cf breeding terms,
vieluding Sandwich terns, and the biggest colony of
eiders (2,000 pairs) in Britain.'

The estuarine flats, marsh and cliffs of North Forvie are also described
in the same report as being of biological interest and value.

There is an extensive literature on the scientific study of parts of the
Nat ional Nature Reserve. The majority of these studies are ecological
and are also related to the Ythan estuary which is an integral and

vital part of the nature reserve area. There is also considerable
ongoing research in the estuary and adjacent sand dune systems. Since
its establishment in 1959, the area has been managed for conservational
purposes but a degree of recreational use is also present. Moreover,
the reserve is leased from Slains Estate who retain and use sporting
rights across the land. There is also considerable archaeological and
historical interest in the area.

To avoid the problem of presenting excessive detail a considerable
degree of generalisation has been made and this is summarised in the
accompanying figure which presents the main elements of the Forvie
landscape. South Forvie is a sand peninsula which derives its sand
supply from the beach and to a greater degree from the sand bar and
spit at the mouth of the Ythan. After the maximum extent of the last
major post—glacial transgression, which is usually referred to as the
I'landrian, around 7,000 years ago, sea level fell and sand, derived
from glacial and fluvioglacial deposits, was carried inland where

it accumulated over the raised beaches and estuarine terraces, and
across the pre-existing ridges and hills of glacial and fluvio-
glacial origin. The Ythan was the landward limit of sand encroach-
ment and probably provided a mechanism whereby sand carried westwards
across the peninsula was returned to the nearshore zone and recirculated
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Sands of Forvie, Ythan, Foveran and Newburgh in 1946.
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onto the beacn and dune areas; a process which still continues. A vast
sand dune complex developed by an early date and tne rform of this
surface was to a large extent controlled by the shape of the underlying
non-sand landforms which appear to consist of curved glacial ridges
separated by broad depressions, with a broad band of low raised beacn
surfaces running soutn from Rockend around the point of the peninsula
and reappearing as estuarine terraces on the side of the Ythan estuary.
These terraces occur at 3 to 6 m 0.D. but there may alsc be a higher,
older terrace between 10 to 12 m 0.D. These early dune and sandhill forms
would appear to have been in existence and locally stabilised probably
by 2000 B.C. or even earlier. Subsequent development must be partly
conjectural but it appears to consist of two main lines of movement.

The coastal dune ridge retained its position but suffered a degree of
wind erosion and redeposition with a tendency to prcduce secondary

forms at an oblique angle to the alignment of the beach. Secondly, the
central part of the interior was subject to considerable deflation with
a generally south to north trend. This created the so-called sand waves
and deflation areas wnich are clearly illustrated on the accompanying
block diagram. This sequence of plain and ridge forms consists of a low
deflation plain on the south side, a curved, high series of marginal
sandhills to the north and lines of residual dunes and active erosional
escarpments to tne west and east. The east margin coalesces into the
coastal dune ridge to produce variable coastal edge morphology, i.e.
where the high sand arcs meet the coast high nodal sandhill areas are
formed. The exceptional feature of South Forvie is the great dome of
bare sand at tne south end of the peninsula which is a north-encroaching
sand wave, and is continually nourished from the wide intertidal zone at
the mouth of the Ythan estuary.

Turning to North Forvie it is necessary to envisage that excess sand from
tne peninsula to tne south advanced northwards onto the sloping rock
platform, possibly in historical time (e.g. the Church of Forvie is
recorded as being inundated by sand in 1413). On this higher plateau,
detached from its primary beach and spit sources, the sand spread north-
wards either as discrete masses which followed separate routes to form
detached waves and sandhill complexes, or, the spread of sand was a more
continuous process and a more extensive former cover was broken into

the series of parabolic dune areas, groups of sandhills and active sand
escarpments which characterise the topography of North Forvie. There

is a contrast between the broad curves of South Forvie and the narrower,
more .aried series of dune ridges of North Forvie. Moreover in South
Forvie the intervening areas are low, deflation plains but in North
Forvie, the areas between the sand dune arcs consist of sloping heath
surfaces and broad rock~controlled ridge forms with only a thin veneer
of blown sand.

In summary, North Forvie consists of sand ridges, parabolic dunes, groups
of sandhills and hillocks resting on red glacial till and separated by
broad heath-covered surfaces all of which rest on sloping metamorphic bed-
rock. With the exception of the cliff-girt Hackley Bay, North Forvie has
a rock cliff coastline. South Forvie consists of various dynamic sand
dune and hill forms with deflation and erosional surfaces of various

ages resting on fluvioglacial or glacial ridges or low raised beach/
estuarine terraces. South Forvie has an active sand beach and spit
coastline.

The balance of field and historical evidence (e.g. Landsberg, 1955;
Esler, 1976) indicates a generally northwards movement of sand which
may at times show a preference to diverge to the northwest or north-
east depending on the direction of dominant wind influences during
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the specific formative period. As a final point it is also useful to
reiterate that the Sands of Forvie are the northernmost part of Aberdeen
Bay which is more than 20 km long. Along the length of this bay the
dunes and links become broader and more massive northwards, and
consistently reveal a tendency for sand to have a net northwards move-
ment. With the added supply of the Ythan catchment it is not surprising
that the most extensive dune and sandhill area should be found in the
extreme north part of the Aberdeen Bay system and that it should encroach
beyond its northern boundary of the rock headland and plateau of Rockend/
Hackley Head to reach a limit at Cotehill Loch which is 3.0 km north of
the nearest source beach.

Except where the Ythan estuary is the landward boundary, the Sands of
Forvie blend into rolling fluvioglacial topography which becomes
generally higher northwards. An interesting boundary area is found on
the northwest side of South Forvie where the dunes slope relatively
steeply onto a low terrace which was a former elongated extension of

the estuary during the Flandrian marine transgression. A similar
terrace forms the banks of much of the remainder of the Ythan estuary
downstream from the Bridge of LogieBuchan and underlies Newburgh village
and links.

The mouth of the Ythan is a dynamic zone where tidal, wave and fluvial
forms combine to form shifting sand bars in the intertidal and subtidal
zone. A full account of the coastal processes operating in the zone
cannot be given here. It is sufficient to stress the variability of
this zone, the rapiditv of sedimentary processes, the relatively high
velocities achieved by coastal and fluvial currents and the crucial role
that this wide sand area plays in the evolution of the dune systems of
South Forvie.

Further north the beach becomes relatively narrow and high tides fre-
quently reach the base of the coastal dumes. Beach bars and troughs
suggest a north-going longshore current but from time to time this

must be reversed as the spit at the mouth of the Ythan often points
strongly southwards. The beach has a series of rip-current sections and
also a furrher line of sand bars below low water mark. At Rockend there
are patches of shingle and the beach terminates among a low, irregular
series of rock platforms and reefs.

Further north there is an attractive cliff-girt enclosed bay, Hackley
Bay, with a wide sand beach., The beach has a high tide radius of

¢. 350 m and the beach is over 200 m wide. Rock platforms, rock cliffs
and spreads of shingle and cobbles mark the two extremities of the beach
area. The backshore area has a storm beach of rounded shingle and
cobbles which leads to a narrow platform backed by stabilised scree and
fan deposits at the base of the steep rock and glacial till cliffs (see
later section). The beach has a very low gradient and little sand is
exposed during high tides.

North of Hackley Bay there are some patches of sand, shingle and
cohbles within the irregular series of reefs and skerries which
characterise the rock platform at the base of the North Forvie cliffs.

Four main types of coastal edge can be recognised at the Sands of
Forvie; (1) the estuarine shore, (2) the open coastal dunes, (3) small
cliff-foot platforms (e.g. Hackley Bay), and (4) the 3 km stretch of
cliffs between Rockend and Collieston harbour.
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The section of the estuarine shore which abuts on tne Sands of Forvie
is a relatively short section, stretching just over 2 km north of

the river outlet. 1In the south the tidal sand beach known as Red
Inches curves into the bare sand surface of the South Forvie peninsula.
Sand banks slope down to this estuarine beach and blown sand often
spills across this slope. Towards the south, near an area known as
John's Hole Point, there is normally a low sand cliff where flood and
ebb currents run against the bank. About a kilometre north of Johr's
Hole Point the estuarine banks are composed of silt, mud and sand

with a superficial veneer of gravel. There are also mussel beds. Here
the bank is a low, water—washed terrace rarely more than a metre high.
The bank i1s normally cut into raised estuarine deposits with a variable
thin cover of blown sand. Occasionally a pure yellow (glacial?)} clav is
found near the base of these under—cut banks.

In general the coastal edge of the dunes of South Forvie is character-
ised by erosion in the form of undercut sand cliffs. There are several
blow=outs which tend to a V-shape and some areas, especially in the
south, have been reduced to remnant dune segments and pinnacles and
there is little barrier between the backshore and inland sand areas.
There are high sand cliffs where the great curved sand arcs meet the
coast. One section near Rockend, for example, 1s almost 20 m high and
is a very prominent coastline feature. The coastal dune ridge is
normally lower and 10 m 0.D. would be a maximum height. Associated with
the high degree of linear and blow-out erosion forms, there is consider-
able crest and backslope redeposition and vigorous vegetational growth.

At Hackley Bay and in a few sections further north there are narrow
cliff-foot terraces a few metres above high tide level and usually less
than 30 m wide. Little blown sand has accumulated on these coastal

fringes since the sands of Hackley Bay are normally wet throughout the
tidal cycle. There 1s also a stream and gemeral groundwater seepage onto
these cliff-foot terraces and backshore areas; a feature which further
reduces the possibility of sand blowing. These terraces avre backing screes
and detrital fans are vegetated and stable with a tendency to marshiness.

The cliffs range from a few metres in height at Rockend to more than

40 m 0.D. at the north end of the Reserve. Developed on an irregular
sloping plateau of ancient andusite schists with a steeply tilted
foliation, they have a rugged, indented appearance. Stacks, caves,
skerries and reefs as well as geos and other inlets are common. The
cliffs are steep, but are often composed of two slope elements; a

steep basal rock section and an upper slope developed in red boulder

clay. The upper overburden of glacial deposits becomes increasingly

thick northwards and is always the greater part of the cliff profile north
of Hackley Head. Towards the north end of Forvie only the base of the
cliff is composed of rock and the upper section although remaining steep
(30° or more) is developed on these superficial deposits. The upper section
is usvally vegetated and there is sometimes a veneer of blown sand. Some
slumping has taken place and it is difficult to determine the exact
relationship between the rock basement and the glacial overburden.

The cliffs are stable and geomorphologically relatively inactive. Wave
action is dissipated on the reefs and rock platform and rarely reaches

the base of the cliffline.




The general pattern of dunes and sandhills is as shown in the attached
tigure . which is a simplified reduction of the 1:7,500 scale
published geomorphological map (Wright and Ritchie, 1973).

In the extreme scuth of South Forvie there is a group of dissected,
hummocky dunes rising to 8 m O,D. There may be residual dunes from
a more complete cover., Thev are, however, covered in vigorous Marram
tussocks and receive substantial amounts of blown sand from the wide
beach to the south. (These dunes and adjacent gravel spreads are one
cf the main resting and roosting areas for birds, especially terns.)
Other dune fragments are found to the northwest, east and north of
this massive bare <and area.

Similtat dwnes form a hroken line along the scuth part of the peninsula,
wirh crestline altitudes between 5 and 9 m 0.D. Further north the coastal
dune ridge is continucus and has an average height of 10 to 12 m. The
coastal dune system is interrupted by several V-shaped blowcuts at

various stages of development. Where the two main arcuate sand ridges
meet the coastal dunes, high, conical sandhills rise to over 20 m 0.D.

and the dune relief patterns become increasingly complex northwards.

Older sloping surfares and hollows are interspersed among the dune

ridges.

The two main arcuate sand ridges are massive features, in the south 500 m
wide and in the north ahcur 1,500 m. The north to south widths of these
ridges are both more than 200 m but the surface forms may be subdivided
into vavious ridge and deflation surfaces. In general, however, the
south—~facing siope is often at a stage of severe deflation and has been
reduced to a base level of an old soil horizon or the underlying glacial
till basement. This is particularly true of the west side of the ridges.
There are also deep linear blow=-out depressions and V-shaped hollows at
various degrees of activity. Associated with wind erosion are redeposi-
tional forms of which the northwest side of the north ridge provides a
good example of a mass cf bare sand spilling northwards as a steep,
partially vegetated talus slope. The main crests of the south ridge reach
over 20 m 0.D. whereas the north ridge can exceed 35 m 0.D. The dis~
tinctive rise and fall of the sand ridges over intervening hollows are
shown in the accompanying long profile

Some auguring has been attempted in hoth of these massive sand ridge
areas and glacial till has been detected beneath the surface on the

west side. A second profile summarises some of these field observations.
This figure alsc shows in wore detail the raised estuarine terraces on
the west side of the peninsula. Glacial till boulders and smaller

stones also outcrop on the surface of some deflation areas.

The remaining laige area of dunes in South Forvie is the east~facing
escarpment and dune ridge which forms the west boundary of the sand
peninsula. This escarpment can be traced continuously as a sinuous

line from almost the south tip of the peninsula across the depression
axis (which is used hy the path to Forvie Church) and intc North Forvie.
In North Forvie the ridge is less continuous and is culyv a conspicuous
landscape feature where it merges into the parabolic dune complexes

(see helow). For most of its length this escarpment has a steep and
frequently actively eroding east-facing slope. Numerous erosion
features break into the dune ridge and the crest is often a zone of
considerable redeposition. The escarpment tends to reach higher absolute
altitudes northwards, e.g. it is 10 m 0.D. in the south but almost 32 m
0.D. near the junction with the houndary path (i.e. berween South and
North Forvie). The backslope has a straight or concave slope and is
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completely stable. The backslope merges into a transitional zone of
tussocky dune pasture and raised shoreline terraces.

The remaining group of dunes and ridges within South Forvie comsist of
minor residual features of low relief amplitude. There are also oblique
ridges and hummocky forms are particularly common on the west side of
the coastal dune ridge but there is a conspicuous area of rounded
hillocks on the west side of the dune backslope which leads down to the
Ythan estuarine terraces.

A different type of sand dune morphology is found in North Forvie.

These are described as parabolic dunes by Landsberg (1955). A detached
group of parabolic forms is found in the nortnwest of the area, and a
massive west-facing group is found north of Hackley Bay. Another group
occurs north of this and extends as an irregular escarpment as far as
the west side of Sand Loch in the extreme north of the reserve. The
remaining parabolic arc is found in the centre of the north plateau. A
similar series of ridges and escarpments from the northern limit of the
Sands of Forvie near Cotehill Loch - a distance almost 6 km north of the
mouth of the Ythan. These dune arcs face south, southwest and west and
consist of several intersecting parabolic sections with trailing 'arms'
of lower dune segments. Field mapping indicates that there is consider-
able variation in geomorphological activity and some parts of the ridges
are stable. Insufficient evidence is available however to indicate how
these dunes and sandhills migrate over pre-existing heath and similar
surfaces.

Other forms of sand deposition occur in North Forvie. The most common
consists of a 'field' of hummocky dunes and low, rounded sandhills.
The bhest example of this surface is found in the area north of the ruins ]
of Fervie Church. Residual dune areas are also found especially south

of the parabolic arc systems. The northwest and west margin of North
Forvie is a series of dune ridges and hillocks which sometimes merge into
undulating, less conspicuous, mature blown sand surfaces.

Because the dunes and sandhills lie on a plateau of rcck which is
covered by a variable capping of red clay till and has an altitude
ranging from 20 m in the south to 35 m 0.D. in the north, summit
altitudes are remarkably high. Most ridges exceed 45 m 0.D. and
several crests exceed 50 m 0.D. i

The highest altitude in North Forvie is not a sandhill however, but is

a broad rock which dominates the landscape of North Forvie and stretches
for more than 1.5 km northwestwards from a point c. 300 m northwest of
Hackley Bay. A trigonometric pillar marks the crest of this ridge and
has an altitude of 57.2 m 0.D.

Between the lines of dunes and the major sand arcs there are distinctive
flat or gently sloping surfaces. In South Forvie, these would appear
to be deflation plains which were produced as the sand dunes migrated

in a generally northwards direction. Some of these plains reach the
base level of wind erosion which is the water table and are therefore
marshy. Many low areas flood in winter. 1In other areas the base level
is raised beach gravel layers and in a few areas, especially further
inland, the glacial till basement is exposed (e.g. near the 'prehistoric
village site'). 1In the south of the peninsula one of these deflation
plains is in process of disappearing beneath the leading edge of the
broad, advancing sand wave.
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In Nerth Forvie similar flat, marshy deflation plains are produced in
"front' of all the parabolic dune systems. The processes of retreat
creates a plane surface at or just above the water table which, in turn,
overlies the glacial till surface. This can be seen particularly

clear!y in the parabclic arcs due north of Hackley Bay. Similar forms

at various stages of acrivity are found at the north limit of the reserve
where there is a complex pattern of curved hollows, marshes and low
residval sand ridges.

In North Forvie the greatest area is occupied by sloping expanses of
heath with a distinctive Heather/Crowberry vegetation, often associated
with a considerable cover of Lichens and Mosses. This acid heath has
developed con the glacial deposits and has been influenced by drainage,
altitude and exposure. In many areas, however, the surface layer is
composed of a thin veneer of blown sand. Occasionally thicker sand
layers (meore than 1 m) are found, and it would not be true to describe
the heath areas as 'non-sand' areas, There is considerable complexity
in the vegetaticn cover (Landsberg, 1955; Burnett, 1964; Wright and
Rirchie, 1975) and in some areas this can be related to cultivation
within the historical period. Patterns of rigs can still be seen on the
ground and in aerial photographs and these patterns can also be seen in
South Forvie on rhe terraces near the estuary.

Several streams drain the area and there are more than a dozen separate
systems of drainage dirches, some of which peter cut into vague
depressicns and seascnal marshes. This waterlogging promotes acidity

ard is a major factor in explaining the vegetation pattern. There are
several pocls and small lochs. All these features reflect the broad
relief patterns created by bedreck and glacial deposits. Of particular
impertance ard topographical significance is the large valley of the Burn
of Sanyne and its associated tributaries. This valley forms the boundary
between Nortbh ard South Forvie and reaches the coast 100 m west of
Rockend helow the plateav upon which the ruins of Forvie Church are
found. This major depression 1s used by the footpath from the main gate
tc Forvie which leads eastwards tc Forvie Church and down to the beach.
It is thought that rbis valley might correspond to the south bcundary

of the basement rock surfare, but no proof of this is available so far.
In the extreme north the underlying landforms are kames and eskers of

a fluvioglacial origin and Sand Loch and Cotehill Loch are probably
flcoded kettle~hole depressions into which blown sand has drifted since
at least the 18th century.

A variety of other landform elements can be recognised - stream margins,
loch depressions, marginal! sand spreads, residual ridges and hummocks,
and fields of small dune and sandhill forms. In relation to the great
extent of the Sands of Forvie, however, these forms must be considered
toc small to merit detailed description.

Vegetation has been a subject of considerable research effort at Forvie
and there are several ongoing projects. Landsberg's thesis (1955) is
primarily a vegetation study. A detailed map was prepared by the
Departments of Botany and Geography at Aberdeen University in 1972
veing 1967 aerial photographs (Wright and Ritchie, 1975). More than
twenty distinctive associations were recognised in this study but for
cartographic reasons these were reduced to eight main types. These
groups can be further rationalised into four categories, viz. - bare
sand , Ammophila dominant, heath (Heather and Crowberry dominant) and
dune pasture (mainly Festuca, Poa, Agrostis); and these types have

a close asscciation with the distribution of landforms and their
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degree of mobility. The N.C,C, Warden in his 16th Annual Progress
Report (1977) notes that seventeen unrecorded species of fungi from the
reserve were added to existing lists to bring the total to 60. He also
completed a survey of vascular plants to bring the present total to 267
species. It is also interesting to note that in the same report a start
was made to record marine algae and other 1ifeforms on the rocky shore
of North Forvie, thereby adding another dimension to the scientific
interest in the area.

Zoological research is equally significant. Although famous for its
bird life, especially ducks (particularly nesting eiders) and seabirds
(especially nesting terns), several studies have been completed and are
underway on invertebrates, lepidoptera and terrestrial molluscs. Some
of this research interest lies mainly in the Ythan estuary but it is
impossible to consider the dune system and the estuary as separate
environments; there being too much interdependance and ecological
linkages between the two areas. In 1977 along the Warden notes fourteen
major zoological research activities in the Sands of Forvie that are
currently active., They range from the study of foxes to fulmars and
from brown trout to moths.

Since the excavation of the prehistoric village site by Kirk (1955),
Forvie has been recognised as being of considerable archaeological
importance. Stone circles, spreads of flint flakes and other finds
have all been recorded, and a number of sites are currently under
investigation.

Some historical research in documented records relating to the old

parish of Forvie was used by Landsberg (1955) to attempt a reconstruction
of sand movements. A field of research remains in the distribution and
nature of the old cultivation rigs which are scattered over North Forvie.

Several physical geographical studies have also been completed (e.g.
Walton, 1966; Esler, 1976; Stove, 1978) and other projects are under
way, particularly these relating to dynamic aspects of geomorphological
development at the mouth of the estuary, on the rates of movement and
short-term changes in specific dune ridge areas, and salt-marsh micro-
form studies.
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1 () RATTRAY HEAD

Rattray Head is a double peninsula that forms the transition between the
i east-facing beach and dune system of Rattray Bay and the northeast-
] facing Strathbeg Bay to the north. No clear—cut division exists between
the Rattray and Strathbeg syvstems and the boundaries shown on the accompany-
Ing figure are somewhat arbirrary. The focus of the area is never-
theless clear and ceonsists of the road leading past the lighthouse
shore sration houses to the car parking area and, further, to the track
leading to the point on the beach opposite the important lighthouse of
Rattray Head which lies some 250 m offshore on a small rock outcrop called
'The Ron'.

Rattray Head has a complex offshore configuration which consists of a
ceries of low intertidal rock platforms which are partially covered by
sand banks., There are also lcw, wave-washed ridges of boulders and
chingle which have been derived from a former cover of bculder clay. To
the <outh and rorth this variable, shallow offshore configuration of
reefs, banks, poolis and ptatforms gives way to a sand bed, although
occasional outcrops of boulder clay can be seen beneath the sand cover
after particular storm and wave conditions.

Associated with this variable seabed configuration are complex patterns
of wave action and the planimetric outline of the beach low water mark
consists cof a series of points and inlets corresponding to complex
refraction and reflection wave patterns.

The intertidal beach varies greatly in slcpe and general morphology.
There are also variations in composition with gravel and broken shell
layers being common. The mobility of the beach may also expose buried
materials. North of the main promentory area, beach cobbles outcrop at
the base of the rerveating dune cliff. These and other exposures within
the dune svstem indicate that the dunes rest on an extensive series of
shingle and cobble bar and spit formations which are probably of a
similar age and crigin to those found further north at Strathbeg.

The main contrast in the nature of the crastal edge is the prevalence

of active erosicn in the centre and north of the area. High, actively
retreating sand~cliffs are associated with this north area whereas the
coastline south of the headland is lower, more rounded and has consider-
able banks of accreting =sand above high water mark at the toe of the
frontal dure ridge. 1In the centre and north of the area active blow-out
corridors break through the high dune ridge and there is active
redeposition on the sides and inner margin of these deflation features.
Large bare sand features are also found south of the headland but these
tend to consist of mounds of fresh, accumulating sand, moving in from
the beach and 1inking-up landwards with the extensive deflation surfaces
further inland.

The coastal edge is characteristically high and normally sharp-crested.
Redeposition is active and theve is considerable variation in the
stability and cover of vegetation in different parts of the main
coastal ridge.

North of the car parking area rhe dunes are a continuation of the Strathbeg
system to the north and are massive features, rising to over 15 m 0.D.

A single dune ridge rises abruptly from the flat, low (c. 3 m 0.D.) links
surface to the landwards and contrasts sharply (especially in the north

|
|
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where extensive blow-outs have developed) with the maturity of the
inland plain. Blow-outs and ridge crests tend to be orientated in a
north to south direction whereas the coastline has a general northwest
to southeast orientation.

Opposite the lighthouse the topography is more complex and has been
affected by tracks to and through the dune area. South of the car
parking area there is a complex series of deflation surfaces (down to

a basement shingle platform), small redepositional hillocks, older
sandhills and several types of curved dune ridge systems. Further
south there is an extensive sand wave area of bare sand which is
developing in a northwesterly direction. Smaller deflation surfaces
are also found and are associated with various types of redepositional
features. A broad, high ridge of more continuous dunes sweeps southeast
across the system from the lighthouse keeper's houses to the coast.

In the landward extremity of this ridge is an exposure of glacial till
and this dune ridge may be partly based on a ridge of glacial deposits.

In the extreme south of the area the dunes are part of the double line
of dunes which stretch southwards for more than 3 km towards St. Fergus.

Inland, the inner dune and sandhill surfaces spill onto a narrow links
depression which has been described as a winter loch since it is under
water for most of the winter. Inland from this low-altitude, wet
depression is a low terrace which forms the margin of the broad, high
ridges of glacial material. These massive inland ridges are partially
covered in blown sand and it is difficult to define the boundary of
sand penetration. Old clifflines at other breaks of slope on this
ridge have been described as corresponding to higher sea levels and
the area is an important location for studying changing sea levels and
coastal configurations in the northeast of Scotland.

There would appear to be nothing of particular interest in this area

and the vegetation is typical of the areas to the north and south. The
main association is Marram Grass with a wide range of vigour and age.

A few Sea Lyme plants are found on the north side of the headland.
Associated with human activities near the car parking area are stands of
Fireweed, and Thistles and Ragwort are common plants on the dune back-
slope and links areas.

There is also a rabbit problem and this added to grazing increases the
tendency of many areas to suffer active erosional damage.
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1 (d) STRATHBEG

Strathheg dune system lies between St. Comhs and Rattray Head. The
coastline faces nortrheast and runs parallel to the long axis of the Loch
of Strathbeg, a unique sand dune loch which is of considerable extent but
snalleow depth and which forms the landwards l1imit of the extensive dune
and links system. As described hy Walten (1956) the loch and the
associated dunes were formed hv the progressive enclosure of a former

sea inlet. The main mechanism was the series of shliagle bars which
grew from St. Combs southwards. These hars are still prominent landform
features and may he traced throughout the area. In the south, for

example, they ferm the southeast margin of the loch and re-curves at the
disral end of the bar run into the loch. The evolutiir of the area is
nevertheless a complex sequence and the reader is referred to Walton
(1956) for further details, including the role of sea level changes in
the area.

The loch i1s a focus for a considerable part of the drainage system in
this part of northeast Scotland and has a high nutrient level (Forteath,
1977). 1t is also a most exrensive warter body and attractive to thousands
of hirds of numerous species, especially migrant geese. Indeed it is
claimed that ir is the largest "paramaritime body of waver in Britain'
(N.C.C. Review, 1977). As such it is a wildlife reserve of national
importance; a starus recognised by its designation as a Grade I S.S.S.I.
bv the N.C.C. and an internationally known bird reserve by the R.S.P.B.
For a succinct description of the botanical and ornithological importance
of Strathbeg, including the dunes, the reader should consult the article
in Nature (1973) bv Bourpe, Gimingham, Morgan and Britton. The S.S.S.I.
and R.S.P.B. reserves are not preciselv the same areas hut, in effect,
all the dunes, links and loch areas may he considered as nature reserve
areas. To the west of rhe loch is the Ministry of Defence Radio Complex
which occupies the site of an old airfield.

The beach 1s relatively narrow - normally less than 90 m with a slightly
stevper backshore zone. At the north and south ends the smooth arcuate
form is broken by minovr bheach arcs which correspond to more extensive
intertidal vock platforms and reefs. In the north-centre the beach is
much wider and there is an extensive intertidal lagoon which corresponds
to the outlet course of the only stream draining the loch. This stream
is an artificial cut of considerable age (i.e. at least 200 years since
it is shewn on the Rov map of c. 1746). Tbis outlet cut has sometimes
heen uc<ed to regulate the general level of the loch. Elsewhere the beach
bas a regular profile but is also characterised, especially in the south,
hy a series of herm ridges and sub-parallel heach depressions. Offshore
there are clear indications of complex sand bars, lying 'en echelon' just
helow low water mark. The offshore zone near Rattray Head is particularly
complex with sand bars, rock reefs, boulder and shingle platforms and
other shallow coastal forms lying near the beach zone. Most observations
suggest that the heach is highly dynamic and that the general drift of
sediment Is variable. Tt is also a heach with strong evidence of
accretion on the hackshore zone. This process wnich is intimately

linked to the progradationa! evolution of the parallel dune ridges

wnich consolidated the shingle-bar enclosure of the loch in post-

glacial and later times. Accretion appears to have continued into the
20th century and field examination shows it to be continuing south of
the outlet cut.
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The availability of sand in the backshore area nas allowed a new fore-~
dune to develop at tne base or tne main dune ridge. This ridge nas a
distinctive concave prorile with the central axis being bare, accumulated,
sand mounds. To the seawards the new ridge is consolidated by vigorous
Marram and Sea Lyme tussocks but other pioneer species are also present.
Tnere is, for example, a rich platform of luxuriant Sea Rocket at the
extreme south end of tune beacn near Rattray Head.

In the north end of the bay tne coastal edge is a steep, active sand-
cliff, 4 to 7 m nigh. Tne coastal edge becomes lower and more 'neutral’
towards the area oif the outlet lagoon and ultimately consists of low
progradational ridges and mounds which are part of tne spit—~like feature
! wnicn is growing southwards across the intertidal outlet lagoon area.
South of the outlet there 1s a snort sand-cliff section which changes

to tune 'normal' compound, accretionary proiile.

The coastal edge is usually 6 to 9 m hign and nas a 12 to 15° slope.
In tne south, however, the edge is broken by several major soutn to
north orientated olow-out corridors. tere the order of relief is much
greater and remnant dune ridge sections near the coast often rise to
20 or even 30 m above sea level.

From nortn to soutn tnere is considerable variation in tane morpnology
and development of the extensive series of dune forms found at
Strathbeg.

Nortn Stratnbeg nas an exceptional coastal sand-cliff which is under-—
going active erosion. Inland there are multiple parallel dune ridges
with 2 to 5 m. of relief and summit altitudes ranging from 5 to 10 m.
0.D. To the nortn of these mature sand ridges is a higher, more
irregular bummocky area which is succeeded northwarvds by a higher
coastal section. This 1s, in turn, succeeded by a low machair-like
coastal platform, some 3 to 5 m. above beach level and formed over

a raised beacn terrace. An incised small stream forms the junction
between the (nigher) dune and (lower) coastal sand platform.

Further south the coastal dune ridge is truncated by a series of oblique

dune ridges. These are lower, more recent features and are associated

with arcuate accretional ridges. This younger system clearly diverges

from tne older, parallel dune ridges which are found further inland.

Very young embryo and pioneer sand hummocks indicate the continuing

soutnwards movement of this spur of sand dunes which enclose tne north

part of tne tidal lagoon associated with tne outlet of the drainage

cuts from the Locnh of Strathbeg. |

South of the gap created by the drainage outlet there is a massive

asymmetric dune ridge rising to over 8 m. O.D. This ridge was mapped

by Walton in the 1950's and he recorded that it was only in process

of formation at tnat time (Walton and Ritchie, 1978). Like the dune

ridges to the north there are few bare sand or erosion features |
associated witn these dunes. Further south the dune ridge is growing in
height and widtn and many of the bare sand features are not produced

by erosion but are simply excess accumulation on the dune crest and

] slopes.

This dune ridge and associated secondary features provides the sea- |
f wards boundary to the long narrow tidal lagoon and sandy saltmarsh

area. The parallelism of the Strathbeg dune morphology is illustrated

by the accompanying schematic figure; a parallelism which reveals the
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continuing accretional nistory of the system since its post—glacial
origiu with the enclosure of the locn by the shingle ridges of tne
Back Bar. There are, in fact, eighteen separate dune crests between
the beach and the loch margin.

Furtner soutn tne main coastal dune ridge retains tne massive
cnaracteristics which are described above. At a point approximately
level with the south end of tne loch there is a marked change in
morpnology. A series of large blow-outs and deflation surfaces cut
deeply into the dune system. High residual nills and sand ridges

create a spectacular, active, coastal landscape. The erosion hollows are
not recent and can be clearly seen in aerial photographs dating from the
1940's. There is also considerable field evidence of recolonisation and
re-deposition on the blow-out floors and especially across the breaches
in tpe main coastal dune ridge. There are, nevertneless, very spectacular,
large-scale erosion features whicn allow deflation processes to cross
through the dune system completely and reach the margin of the low

links surface to the south and west. Very high ridges and active sand
escarpments form the margins of these blowout corridors. Some of the
highest sandhill altitudes (over 35 m. 0.D.) in Northeast Scotland are
found in this general area.

In general, the main coastal dune ridge is succeeded inland by multiple
ridges of increasingly mature lines of dumes. In the north and centre
these ridges are particularly clear. Towards the south the pattern is
more diffuse and the lines of dunes splay-out and become increasingly
broken. On the ground the dunes break-up into fields of low sandhills
and hillocks and it is only on aerial photographs that one can differen-
tiate the breoad grouping of features which suggest that the parallel
ridge systems end some distance short of the south end of the loch and
there is a lower plain and hummocky zone between these parallel dune
ridges and the high glacial and fluvioglacial plateau. It is possible
that this low area may represent the old gap or inlet which was used as
an access to the sea from the tidal loch of Stratbbeg when Rattray was
still an important trading port in the late 17th century (for a description
of the decline of the seaport of Rattray which once flourished on what
is now the south shore of the Loch of Strathbeg the reader should
consult Walton, 1956).

The lines of parallel dunes are particularly well developed near and
over the old raised shingle bar which runs the entire length of the
east side of the loch and, indeed, is the reason for the formation of
the loch in historical time. These dunes and the series of shingle
bars are extremely prominent features especially near and south of the
outlet drainage cut. Between the parallel lines of dunes, especially
the inner, higher ridge systems, there are linear hollows and in the
centre of the area distinctive grassy flats and dune slacks. Nearer
the backslope of the present coastal dune ridge the morphology is

more complex, and consists of an extensive series of large hummocky sandhills.

To understand the evolution of all the different dune elements and their
relationships to the loch, the shingle bars and the coastline would
require a major research project, nevertheless it is important to

state that the morphology of the dunes suggests a parallel progradational
development of dune ridges on a wide beach which was banked against the
original, older shingle bar and spit structures; a process that appears
to be continuing.
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Links and machair-like, short grass surfaces exist in several types of
localities. They exist as narrow elongate depressions between dune
ridges. The east shore of the loch has a smooth, short-grass sward
developed, in the main, on the flatter landward slope of the shingle
ridge system. In the north and south extremities of the area a more
extensive level links surface, only 3 or 4 m. above sea level separates
the hillocks and dune ridges from the old post-glacial cliffline which
forms a distinctive, abrupt boundary to the main Strathbeg dune system.
This old cliffline also forms the south, west and north margins of the
Loch of Strathbeg and is a very clear topographical feature. Most of
these flat areas flood in winter and represent the gap between the south
limit of the shingle and dune ridges and the high plateau surmounted

by the coastguard station. It is probably the remnant of the former
opening between the loch of Strathbeg and the sea.

Near the outlet cut and elsewhere along the sides of the loch there are
more extensive marshy areas where the surface is lower and the drainage
inefficient. Nevertheless, in these localities the basic soil substrate
is sand (as is the bed of the loch) of a probable wind-blown origin.

The influence of wind-blown sand decreases sharply westwards but it is
difficult to define an exact boundary due to agricultural, drainage and
other land improvements and modifications.

In the north and south ends of the Strathbeg area there are high sand
surfaces, possibly of an ancient origin, on top of the high inland
plateaux of glacial till. Although old surfaces, at altitudes greater
than 20 m 0.D. and often used for improved grazings, it is possible

to detect old ridge and depression forms. In the south the surface is
quite hummocky and in the 1940's, and more recently, was subjected to
considerable active erosional activity. Remnants of this activity can
still be seen in places. Blown-sand also masks the slope of the old
post-glacial c¢liff but the cover is variable and sometimes completely
absent.

Geomorphological activity occurs in several zones and some nave already
been described in the preceding sections. Nevertheless, it is possible
to highlight the main zones of current activity - the beach, the dune
face, some coastal blow-outs and a few erosional points further inland.
There is also stream and tidal action in the extensive tidal pool area.
Dune face erosion 1s largely confined to the north end of the beach but
there is also a very active zone of wave undercutting and sand slumping
in the extreme south where high sand-cliffs are produced. Elsewhere the
coastal edge tends to be in process of aggradation, and this generalisation
includes the entrances to the most northerly of the major blow-out
corridors. On the coastal and inland dune surfaces wind erosion is of

a very low order of magnitude and the system can therefore be described
as essentially stable; the exception being the major deflation areas in
the south of the area.

Geomorphological activity associated with the loch and its associated
drainage outlet is almost entirely depositional. Stream-carried silts

and muds as well as organic matter are accumulating on the loch bed

(Stove and Durno, 1978). There is little evidence of much wind-blown sedi-
mentation associated with present processes.
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1 (&) CULLEN LINKS
{view from Hotel at NJ 500 672)

Cullen is ap expesed open bay facing north-west between the headlands of
Scar Neose and Logie Head. The basement quartzites which form the main
setting of the bay are capped on the nerth-west headland by Old Red
Sandstone conglomerates and breccias. The beach and landward links are
harked by an impressive degraded raised c¢liffline cut into the conglo-
merate<, wiith the impceing backdrep continued eastwards by a massive
embankment and railway works Raised sea stacks of 0ld Red Sandstone
prorcude threugh the gelf 1inks, while smaller quartzite residual stacks
givercsify the chore platform within the intertidal zone.

Two relatively straight beach eand arcs are hinged to, and rest on top

cf a quarrzite wntertidal platform. The upper beach consists of a
fringing cobbhle and shingle beact, largely of quartzites, some of which
are cyiginslly derived from weathering out and recvcling of the conglo-
merate outcvops. The roastal edge rakes the form of a backshore ridge
kighest in the east, where it has been much modified by tipping and

buman intecference inciuding rodimentary coastal defence works,

derlining in height westwards. At the western end, the upper beach

passes aim~st imperceptrihly fo grassed links. Undercurting of the coastal
edg> to the west of the man-made defences reveals interbedded sand and
cobhle layer=. Where the original fcrm of the coastal edge ridge remains,
the feature can he inrerpreted as a massive dune—capped storm beach,
comvex in cross-preofile, with a low 1O degrce slope towards the golf

Vinke which extend intand to the colluvium apron of the degraded cliffs.

Tka chavacter of this coastal ridge changes just east of the massive trans-
verse hasal hreceis sea <tack which protrudes into the beach and acts, with
Jts associared jotertidal platform, as 2 middle hinge point to the twin

ree of Cuilen Bav Immediatelv weet of this stack, the coastal edge 1is
heavily crderveut, and [ronted for a short distance by tilted concrete
hlecks The hreight ¢f *he coz2<tal edge, which is still considerably
iltered by tipping, decline: enavply to a height of about 2 metres at the
diteh qurla: The roascal ridpe carries scartered Ammophila communities
‘a2 dominartly berb asseciation. There is a single clump of Elymus

at the coasral edge  From the ditch outflow westwards, (deflected in that
directing), the coastal odge takes the form of a low grassed shingle

ridge. Decpite the grasced nature of the shingle rim, fresh cohbles are
threwn cver 15 meires ivland of the coastsl edge. The western end of the
bea~h arc reets on a mica-schist and quartzite intertidal platform complex,
with pseudo-strike running approximately normal to the shore. The 70
degree rack c1iff backing the platform is capped by till, and at one

sire, by rcolled gravels.

Cullen Links are almost exclusively utilised by golfing activities with
the result that the raised bar compiex sitting on the vock platform has
been much modified Sy green and fairwav comstruction. The links extend
feow the crest of the ccastal ridge, firstly in a landward slope of about
A dogrees (escectjally the landward slope of the blown sand-capped bar),
and thence n o series of swales and vidges to the till-rcapped old cliff-
line.  The veijct stacks protvude throngh the links and are mesa-like in
form, with characterictic vertical face and lower depositional apron,
Cerrain of the stacke neat the base of the relict sea cliff are plugged
to it hy till, indicating a pre-glacial origin for at least parts of the
Cullen embayment marine features.
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Cullen Links is arguably the most attractive coastal prospect in scenic
terms of the southern Moray Firth coast. The attractiveness of the view
is compounded by the railway viaducts and settlement geography which form
a framework to the great arcuate sweep of the bay. The view has a semi-
wild yet pleasingly tidy appearance. Although vehicular access is only
possible at the eastern end, both the beach and the slopes of the degraded
cliffs are utilised as recreational walks. Casual walking along the

links is possible along tracks and paths during periods of low golfing
activity.




!
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IR LOSSIEMOUTH (East)
- en passant (NJ 238 706)

Viewed from Lossiemcuth, this beach forms only a part of a continuous
unconsolidated ccastline extending in a gentle seawards-concave arc from
Lossiemouth to Speymouth. The predominantly sandy beach and landward
vellow dune svstems which are so apparent at the western end are pro-
gressively replaced eastwards by a shingle foreshore, backed by old
shingle bars mantled with a very thin blown sand mantle. The current
shoreline represents the latest stage in a progressive infill of a large
coastal embavment through the construction of spits extending westwards,
successively displacing the mouth of the river Lossie towards the pre-
glacial rock headland of sandstone on which Lossiemouth stands. This
headland has provided a measure of permanance in an otherwise changing
late and post-glacial shoreline, and plays a major role in the nature of
the present beach complex. TInland lies a raised strandplain of post-—
glacial age whose successive shorelines are still clearly displayed
within the Forestry Commission plantations. As the strandplain extended
with choreline regression, the stratigraphical evidence suggests that the
quantities of sand available on the beach for dune formation have not always
been constant, and the morphological evidence suggests that rather more
has accumulated in the most recent phases of the strandplain evolution.
This mav reflect the recent near-stable land-sea relationship, and
reduced rates of shoreline migration.

The complex falls into three parts. The most westerly portion of the
complex is the most ¢ynamic portion and is characterised by marked
seasonal change with redistribution of sediment from the outer to the
inner sbhoreline. Within this generally changing situation, the dune
remnants and their assymmetric cross-profile are indicators of a
generally retrograding dune edge, with spring tides overtopping the
beach bar (underlain by shingle) and creating temporary sand splays into
the Lossie. The central porticn, in the mid-distance, in total contrast,
is characterised by an accreting coastal edge, with a succession of
foredune ridges running inland to now-forested old grey dunes. This
'making' central portion passes castwards in turn, to a neutral long
straight foredune edge, which, at the easternmost end, passes inland

and is protected by a series of recent shingle bars, as a degraded

old grey dune system. Thus the dynamic distal portion in tne foreground
with its signs of summer human trampling contrasts with the more stable
proximal end of the complex in the distance, although there are signs
that stability at the eastern end is a fairly recent situation.
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| (E D) CLASHACH COVE
(Moray. NJ 159 702)

The general setting of Clashach Cove is extremely dramatic by comparison
with most other beaches on the southern limb of the Moray Firth. 'En
petit', it invites comparison with the small Banffshore cliff-foot

heaches like New Aberdour (NK 888 646). The beach lies at the base of

30 m high sandstone cliffs, portions of which are vertical, even
overhanging. The approach is through wild golf links encumbered with

much gorse. The descent to the beach is made through one of a number

of deeply incised paths cut into the weathered sandstones which form a
localised pocket within the sedimentaries into which sub~aerial and marine
processes have cut deeply to produce the cove. The term 'cove' is unusual,
indeed, unique by North-East Scottish standards, but this Southern England
term justly describes the pocket-bay character of the beach. Both the
view and the descent into Clashach Cove are truly breathtaking.

The cove re-entrant is less than 0'l km long. The lower sand and upper
fringing cohble beach sits on an intertidal rock platform, binged to east
and west on active sub-vertical sea cliffs. The cobble beach is composed
principally of highly flattened metamorphics which have in places accumu-
lated on top and around locally wave-quarried sandstone blocks. Small
nodules of black flint occur within the beach cobbles. The local Permian
sandstones dip landwards at a low angle giving characteristic near-scarp
faces to the upper cliff faces. The abrasion platform upon which the
beach complex sits only appears at either flank. Several platform levels
are represented, the upper ones of which are relict, including the spur
to the west which is capped by residual blown sand resting on a bigh
level salt weathered rock platform with lichened alveoles. Below a
presently active salt weathering platform with active alveoles, is being
quarried away by the action of waves operating within the intertidal band.
The higher relict platform, which is approximately 3 metres above current
storm wave levels, seems to correlate with raised caves within the cove-
re-entrant, the entrances to which are partly masked by a blown sand
apron. Although the platforms in detail are clearly structurally
controlled, they exhibit fascinating forms of biochemical and biological
weathering within the spray zone, and are an indication of a fairly
recent change in the land-sea relationship. Similar 'two-storied platforms'
occur within 0ld Red Sandstone sedimentaries on the Pennan-New Aberdour
rocky coasts of Banffshire.

The coastal edge is generally protected by cobbles and shingle, although
towards the west, backshore cuttings reveal storm beach material capped
with the blown sand apron which has in the past accumulated against the
relict cliffline of the cove re-entrant. On the eastern headland, the
cliff is bevelled with a thin till capping, and there is a small fault
within the sedimentaries. The exposed cliff faces have a basal wave-cut
visor reminiscent of Majorca cliffs, and the structural lines within the
sandstones reveal its aeolian origins.

Although the cove has no dunes or links in the classic sense, sand derived
both from the weathering of the Permian and Triassic sedimentaries
together with offshore and longshore sand sources have in the past been
blown landward to accumulate as an irregular apron against the inner
slopes of the re-entrant. The originally cliff-cut origin of the inland
cove slopes is shown by the line of slightly raised caves, partly buried
by a combination of blown sand and colluvium. The incised nature of the
access paths from the clifftop which apart from trampling activities also




undergo intermittent rilling, are an indication of the easily weathered
nature of parts of the local sandstones, and may suggest that debris
aprons exist beneath the blown sand mantle. Late-glacial marine

gravels also cap portions of the clifftop, and these in turn, carry thin
and discontinuous spreads of blown sand now under golf links. At

NJ 175 707 to the east, the Sculptor's Cave which has been recently re-
excavated contains a series of occupation deposits from later Bronze Age
onwards together with Pictish carvings. It is possible that some of the
sealed Clashach caves might also contain archaeological deposits.
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’ 1 (h) WHITENESS HEAD

(NH 820 578)

This shingle spit complex lies 6 kilometres west of Nairn and five kilo-
metres east of the major change in coastal plan caused by the wave-
revworked end moraine of Ardersier-Chanonry Ness. Landward of the spit
extends an area of lagoon, tidal flats and salt marsh, backed in turn, by
the low post-glacial raised beach of sand and shingle, with prominent

; old sea cliff below the farm of Hilton of Delnies (entry point NH 843 562).
The o0il platform production yard of McDermotts occupies a partially
reclaimed site of over 300 acres, occupying portions of a formerly more
extensive salt marsh. Sand periodically removed from a dredged channel
fronting the wharf bhas been settled out in extensive lagoons, a process
which was also adopted to reclaim the constructioun site. The spit takes
the form of a series of recurved shingle bars, up to 5 metres 0.D.,
prograding in a westerly direction, and with successive storm ridges
thrown up. A thin blown sand cover overlies parts of the complex,
notahlyv at the distal end where Ammophila and Elymus dunes currently
forming. Severe coastal edge erosion is taking place at the proximal
eastern end where only a single partly truncated shingle ridge prevents
frequent overtopping during spring tides, and flooding of the inland
marshes.

The spit is presently extending down-drift at rates of about 17 yards per
year. Such a figure was estimated by Ogilvie in the 1920's, and was
confirmed by comparison of aerial photographs in the years 1946 and 1967.
In 1870, the spit head lay close to the easternmost Salmon bothy. This
fairly rapid westerly growth of the shingle bars nas however apparently
been at the expense of the distal portion at the aptly-named Gut where the
innermost and hence the oldest of the present spit bars is currently being
eroded. Successively younger albeit historical ridges are presently heing
eroded at their eastern ends, with wave-transported materials being

moved along the beach westwards to form the evolving and building distal
portion of the complex. In a sense, Whiteness Head is evolving at its

own expense, and duplicates a feature of many beaches on the southern

limb of the Moray Firth which are apparently characterised by accretion

at their western ends and backshore erosion at their eastern ends. It
may be suggested that the distal portion of Whiteness Head represented an
advanced stage of the sediment redistribution which finally severed The
Bar (NH 920 600) from the mainland.

The main plant communities of the older eastern shingle ridges are Gorse
and Heather (including Calluna hirsute, unique to the Morav Firth coasts).
Westwards, with dune forms appearing, Ammophila becomes dominant, while
the embryonic dumes at the distal end of the spit carry Elymus sp.
Ultimately, the westerly carry of material downdrift will create a flying
bar of Whiteness Head.




NG SPEY BAY

Spey Bay extends fer a distance of about 16 km between the supporting
rock headlands at Lossiemouth on the west and Portgordon on the east.

The bay taces slightly east of nortn, and is remarkably straignt. The
only major interruption is tue complex deltaic outlet of tne River

Spev, some 5 km west cf Portgordon. Tne general location of Spey Bay

and its main topegraphic features are shown in Figure 1. On this figure
attention is drawn to Binn Hill and the associated high ground to the
south and southwest — areas that are composed of extensive glacial and
fluvio-glacial deposits. Glaciation, deglaciation and sea level changes
are tne essential ingredients of the physiographic evolution of the
general coastal avea of Spey Bay and, altnough tnis description is solely
concerned witn tpe active shingle beach, it is necessarv to give a brief
descripticon of the evolution of this coastal lowland area since both the
supply of Jittoral sediments as well as some aspects of coastal morphology
are related directly to these more ancient forms and processes.

In 1923, A. G. Ogilvie produced a detailed description of the Moray Firtn
Coast. Tnie study remains the only geomorpnological work of note and the
following account is derived almost entirely from his paper.

Escentially the Spevy Bay coastal plain may be divided into two compartments.
First, there is the area between Binn Hill (Figure 1) and the rock pro-
montory upon which Lossiemcutu stands. This area is an extensive lowland
basin centered on Locn Spynie and drained by the River Lossie. The
sourbern and eastern rim (including the Binn Hill complex) consists of
irregular deposits of glacial and fluvioglacial origin tnat were deposited
during the mcvemenrs of an extensive ice sneet wnich moved eastwards,
parallel to tne coastline, along tne Moray Firtbh coastal plain. Tbhis
higher ground and the coastal sandstone vridge wnich terminates at
lossiemouth were never submerged by the higher late— and post-glacial
seas tnat flecoded tne interior basins. Progressively tne strait between
Binn Hill and Lossiemouth was closed by the accretion that accompanied
succeseive relative falls in sea level and, at each stage, by the
accreticen of marine structures growing westwards from the direction of
Binn Hill. The details of tue closure of tnis coastal section are
extremely cemplex and are summarised in Figure 1. Tnis shows the
numerous raised shingle bars with their various recurves in the vicinity
of the lossie outlet. As shown in the central part of Figure 1 these
parallel spingle bars, each representing a former position of the

coast, form a wide corrugated apron up to 800 m wide to tne seawards of
Binn Hil! where at least eight to twelve major shingle ridge systems

with intervening linear depressions can be identified. These ridges
continue eastward- to tne Spey outlet and provide some if not most of

toe material for reworking by present day shoreline processes. Similar
ridges continue east of the Spey as far as the eastern limit of tne bay
at Port Gordon.

The second compartment is the lower valley and outlet of the Spey. The
boundaries to the west and east are again higher areas oi glacial and
fluvio-glacial deposits wnich nave distinctive breaks of slope
associated with higher sea levels. This area is a triangular fluvial
area formed f[rom a series of gravel and shingle estuarine and

deltaic terraces (which are alc¢o associated with various higher sea
levels)., The present river cuts a braided cnannel througn these
terraces and floodplains before crossing the coastal shingle ridges
through a complex of channels, bars and inlets.
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The form of the present coastline of Spey Bay is thus part of a long
sequence of events whereby a series of shingle ridges has sealed-off and
regularised complex areas of glacial and fluvio-glacial deposits, raised
beaches, fluvio-glacial and recent river terraces and residual pockets
of low lving marshy ground.

For convenience the modern shingle coastline is divided into four
sections; the area east of the Spey outlet to Portgordon, the mouth of
the river and rhe area between the river and an area approximately 2 km
west of Boar's Head Rock where the shingle beach gives way to sand.

The fourth area consists of a sand beach, spit and dunes and extends west
from this trancition zone to Lossiemouth. This last area of sand beach
and high dunes is not included in this report whicn is solely concerned
with coastal sningle f{ormations.

The moutnh cf tne Spey is a complex, shifting area witn a recorded history
of violent and dramatric change. Tnese changes nave been analysed by
Greve (1955) on the basis of cartograpnic records and the oral evidence

of local residents. The origin of tnese variations is partly a result

of the steep lower course of tne river channel below Fochabers, coupled
with its lavge seasonal variations in discharge. The lower valley is
characterised by bhraided channels where it crosses its own gravel

terraces and old raised deltaic deposits. Grove (1955) shows various
positions of the mouth (Figure 2) and describes nhow Garmouth and

Kingston (Fignure 1) were important shipbuilding centres until 1875 when
the shifting waterway finally became too expensive to train and preserve.
Grove also describes the great spate of 1829 wnen tne river rose 13 ft 9
inches above the ordinary level at Kingston and a breach 400 yards wide
was made in the sningle ridge at the mouth of the river. River deflection
as a result of variations in flow and the offsetting effect of coastal
processes contiaue to produce relatively frequent but in recent times small
scale cnanges in channel avnd outlet geometry. The inset on Figure 2 shows
a skerch of the outlet area made from 1976 aerial photograpns. Notable
features are the multiple active channels, the old main channel north of
Kingsten Village, the distinctive outward curvature of the modern delta,
numerous "islands" and the westwards orientation ol the outlet which is
deflected almost parallel to the coast by a relatively short shingle

spit. The coastal chingle spit and the shingle ridge to the west of the
out let are relatively high (4-5 m) but the other terraces and depositional
bars inland of the coastlin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>