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Derivation of material from a much older unknown source is
implied by the presence of two examples of thick-walled,
presumably arctic, species of gastropod genera, which remain

unidentified,

Foraminifers (probably washed in) are generally rare to
occasional and difficult to identify due to the crushed
nature of the specimens, This reflects the inhospitable
nature of the environment during the deposition of the sedi-

ment.

In conclusion, it can be observed that the shell layerx of
Cas3 S1 has a generally marine but more varied source than the
other samples from the same borehole,

7.4.4 Cassencarie borehole 4

Cassencarie borehole 4 (Appendix p,350)located at NX 4759 5707
'and extending from 3,0lm B.O.D. to 5.02m A.0.D., consists of
8.03m of dark grey clays overlain by a development of storm
beach ridges.

Between 3,0lm B.O.D., and 0,01lm A.O,D., 3m of dark grey clay
with occasional pebble and shell layexrs were recorded, The
clay was sampled at c. 2.92m B.O.D, (Cas4 S$11), 2.16m B.O.D.
(Cas4 $9) and 0.09m B.O.D. (Cas4 $8),

A strong marine trend for source of material is observed in
the samples from 2,92m to 1,40m B.O.D. (i.e, marine influence
decxeases up the boxehole), The main components of Cas4 S11
(at 2.92m B,O.D.) were diverse, with generally common remains
of bryozoans, ostracods, foraminifers, echinoderm test frag-
ments and an arthropod claw. The presence of hydrobids
(particularly Hydrobia jenkinsi) and Cerastoderma edule frag-
ments, however, confirms that the environment is still estua- |
rine since Hydrobia jenkinsi is a brackish-water species. In
addition, there is a high abundance of washed-in plant material
which implies that the site of deposition is reasonably close
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to land. Material from Cas4 S10 at 2.16m B.,O.D. is similarx
to that of Cas4 S11. Again, a high abundance of plant
material was noted, together with very abundant mica, This
implies the closeness of the site of deposition to a terres-
trial location and the immaturity of the sediment since mica
is well preserved. Cas4 59, situated at 1,40m B.O.D.,
yielded abundant mica, plant fragments and woody debris,
together with vivianite fragments and hydrobid shells - all
supportive evidence for the presence of an estuarine environ-
ment of deposition. However, there is still a considerable
input of debris from a marine source, with common echinoderm
spines, sponge spicules and bryozoan remains., Cas4 S8, at
0.09m B.O.D., exhibited a loss of marine influence, Possibly
it was located on a higher paxt of the intertidal flat.  Abun-
dance of shell remains is low,

In an unpublished study of the microfauna (i.,e, foraminifers
and ostracods) of samples Cas4 S7 to S11, W.E. Boyd recorded
the presence of the ostracods Leptocvythere castanea and

L. lacertosa, both common mildly-brackish or salt-marsh ostra-
cods, with L. castapea being the more low-salinity tolerant of
the two (Whately et. al, 1971), L, castanea includes both
adult and juvenile carapaces and valves suggesting that the

material is in situ and relatively undisturbed by transportation.
This further implies that the environment in the immediate
vicinity of the site of deposition was of low energy, the
brackish nature of the fauna suggesting the existence of a
stable (? high) intertidal flat,

A study of the foraminifers from the same samples reveals a
high faunal dominance and low faunal diversity, indicative of
severe conditions in the nearby environment,

Elphidium excavatum, characteristic of inner shelf shallow
waters between O and 18m depth, dominates all samples, It has
a wide salinity tolerance, ranging from fresh water to
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salinites of about 30% (Boltovsky & Wright, 1976).

E. articulatum, also recorded, has a narrower range, being
found on sandy tidal-flats in the Firth of Clyde area at
present (Abou-Ouf, 1974). E, excavatum is typical in a
thanatotype recognised by Abou-Ouf (1974) in the Clyde where

there is evidence of strong current agitation. Murray (1973)
suggests that since g, excavatum lives 0,05 to 0,06m below the

sediment surface it is often unaffected by transport processes

and so can live in areas of strong current, Ammonia beccarrii,

typical of water depths of O to 50m, shows wide environmental
tolerance, being found in marsh channels to beach environments
(Murray, 1973).

Other species present in the samples are typical of shallow-
water marine coastal conditions, E, crispum is found in
coastal rockpools and Textularia and Quingueloculina are
typical of a shallow water (5 to 45m) thanatotype described by
Abou-Ouf (1974) in the Firth of Clyde,

The faunal remains suggest that in situ fauna indicates
shallow marine coastal conditions, with a certain amount of
agitation from currents., The low diversity, high dominance
and wide environmental tolerance of the dominant species
E._excavatum suggests severe conditions. The fauna is pro-

bably from an intertidal mudflat area,

Abou-Ouf (1974) does not describe any comparable modern
thanatotype in the Firth of Clyde area. The nearest is his
thanatotype III, typical of the intertidal sand flats of
South Annan sands in the eastern part of the Solway Firth,.

In this thanatotype E, excavatum is absent, only appearing as
a major component in thanatotype I, which occurs at the deep
end of the depth range for E. excavatum but is typical of

muddier sediments.,

4

The Cassencarie samples Cas4 S7 to S11 indicate that a severe
environment persisted throughout the period represented by the
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basal dark grey and grey clay units from 3,0lm B.O.D. to
0,76m A.O,D. The latter unit consists of 0,75m of grey clay
with shells and medium to coarse (pebbly) gravel from 0,01lm
to 0,76m A.O.D. The grey clay is possibly dark grey clay
reworked under increased energy conditions - a pause in
regression 7. This was followed by a sudden change in
conditions and a period during which either no fauna survived
here or all the remains were washed out, The grey clay is
overlain by a 0,79m thick unit (from O0,76m to 1.55m A.0.D.)
of sandy, coarse gravel fining upwards to medium to slightly
coarse gravel and coarse sand. The unit contains frequent
washed-in shell material such as Ostrea and Littorina sp.
fragments, together with wood debris, Samples taken at
‘1.28m A.0.D, (Cas4 S5) and 0.98m A.O0.D. (Cas4 S6) yielded no
foraminifers or ostracods - presumably the environment was '
unstable and not conducive to their existence. Material is
extensively transported. Faunal remains, therefore, are
likely to be crushed or washed out, The coarseness of the
storm ridge material is also significant, since foraminifers
and ostracods are hardly likely to survive intact in gravel
grade sediment, Examples of Littorina littorea, common on
middle rocky shores, and Venerupis decussata (disarticulated
but both valves present), common in muddy gravel and sand on

the low shore, were present, Lithic material greater than
1000pm (i.e. lcm) in Cas4 S5 was sub- to well=-rounded,

- attesting to the high energy of the environment. The unit
represents a storm gravel ridge on the muddy intertidal flat.

"A return to more stable, but brief (lower energy), intertidal
mudflat conditions is recorded in the overlying sandy clay,
present between 1.55m and 2.,34m A.0.D. and sampled at 1,74m to
1.89m A.O0.,D. (Cas4 S4). It is suggested that the unit of
sandy clay from which the sample was taken has been reworked
during a pause in regression, hence accounting for the marine
input of material, The sandy clay contains abundant shell
fragments, including Ostrea sp., and Sepia sp. remains,
together with fairly common to frequent echinoid spines and
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frequent to abundant bryozoan fragments (stick and fenes-

trate types). Foraminifers are frequent in the finest
fraction whilst ostracods are occasional, Indeed the fauna
implies that less sevexe conditons existed than previously.

The (7 more marine) sand content in the sediment is reflected
by the increased proportion of E, articulatum, E, articulatum
favours hyposaline conditions, suggesting that earlier restric-
tions upon the fauna may have been due, at least partly, to

salinity.

The development of the estuarine storm beach is best recorded
above 2.34m A.0,D. where ridges coalesce, Between 2.34m and
3.98m A.,0.D. there is an apparently structureless fine gravelly
coarse sand with shell fragments sampled at 3.,04m A.O.D, The
sample yielded Ostrea sp. fragments and gastropod remains, The
lack of foraminifers and ostracods is attributed to the high
energy of the environment, The gravelly coarse sand is
followed by 0.05m of coarse sand, and a fining-upward storm
ridge unit between 4,03 and 4,63m A.0.D,, composed of (from
the base upwards) medium to fine sandy gravel and fine shell
sand which is partly laminated. Some whole shell layers are
present in the latter unit (evidence of beach sorting), and
there are occasional cobbles, The storm unit is overlain by
0.10m of fine grey sand with shells, a 0,12m shelly loam layer
and 0.18m of topsoil.,

7.5 ENVIRONMENTAL INTERFRETATION OF THE CASSENCARIE
BOREHOLES

Environmental interpretation is based upon the most compre-
hensive borehole available, Cassencarie borehole 4, together
with supplementary evidence from Cassencarie boreholes 1 to 3
(Fige 7.4 ).

Cassencarie borehole 4 exhibits sedimentological evideﬁce of
the changing conditions of environmental energy brought about
by the pause in the Holocene marine regression c,2,000 years
B.P. Prior to this time (7 horizontally) bedded muds were
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accumulating in an actively prograding intertidal mud-flat
environment, under regressive marine conditions, The energy
of the environment was relatively low, An abrupt change in
environmental energy initiated by the meteorologically-
induced pause in regressive conditions (i.e. the energy
increased) resulted in a reworking of the intertidal flats
(e.g. grey clay and sandy clay of Cassencarie borehole 4) and
the development of storm ridge units, The latter were
derived from coarse sediment driven, under storm surge condi-
tions, from the adjacent shallow estuary onto the intertidal
flats (between L.W.M, and H.W.M. ). The sediment took the
form of migrating shore-parallel bars, Axround and immediately
above H.W.M. the storm ridge units are termed "beach ridges",
defined as "continuous linear mounds of rather coarse sediment
near the high water line" (Reineck & Singh 1980, p. 352),
Unfortunately, in the case of the Cassencarie boreholes, the
position of H.W.M. cannot be precisely established. The
ridges, therefore, are known as storm ridge units, which are
present within a beach environment, Gradual fall in sea-~level
to its present-day position occurred under stormy conditions,
resulting in the progradation of the beach environment and the
crude (large scale; alternation of "normal" (7 fairweather)
laminated coarse-grade, fining-upward storm ridge units,
products of waning energy of storm surges, The Beach phase
of deposition was eventually abandoned in favour of a return
to prograding estuarine tidal-flat conditions, presently
occurring adjacent to the Cassencarie area, ‘

Combined study of aerial photographs and ground mapping has
revealed additional evidence for the existence of storm-
generated features, It is possible to establish the positions
and postulate on the development of the following:

(a) Former NW - SE trending shore-parallel ridges (Fig. 7.5),
developing on the former intertidal flat (i.e, level surface
of the carse clays). The ridges, which constitute the storm
units of the Cassencarie boreholes, coalesce to form a beach

cover,
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(b) A spifiio the south of Creetown (Fig. 7.6, constructed
by the accretion of gravel ridges from the western (Seaward)
side, The development of these above features is now

considered.

Shell/gravel ridges between Creetown and Carsluith are docu-
mented by Jardine (1971,1975), as being products of a
constructional phase of deposition during a temporafy halt
stage in the recession of the Holocene sea from Wigtown Bay.,.
Radiocarbon dating of Cerastoderma edule shell material from
Hollanbank (NX 482 555), yielded a date of 2,027 ¥ 108 years
B.P, (GU-374, Ergin et.al, 1972). The constructional phase

of deposition ¢. 2,000 years ago was due partially to changing
meteorological conditions, when a particularly stormy phase
occurred, strong dominant S and SW low pressure cyclonic
conditions being responsible for driving the shore-parallel
ridges onto the tidal-flat. Formation of shell/gravel ridges
and the spit at Creetown probably took place contemporaneously.
The sequence of events prior to and during the temporary halt

in regression is now discussed,

At a time prior to c. 2,000 years B.F., normal regressive
marine conditions were in progress on the eastern bank of the
Cree estuary in the vicinity of Creetown and Cassencarie.

A N to S extending gravelly kame terrace (Fig., 7.6}, backed
on its landward side by the remnant cliff line at 10Om A.0.D.,
was flanked on its western margin by high intertidal mudflats
(environment as established in Cassencarie 4), It is
envisaged that the gravelly kame terrace margins lay very near
to (the "old") H.W.M. or slightly above it, and the undulating
surface of the terrace was punctuated by a large kettle hole
at Cassencarie (c. NX 4735 5780,, The northerly extension of
the terrace is uncertain but was probably in the low ground at
or around O.D.; this area was later flooded.

The intertidal mudflats were presumably actively prograding in
a westerly direction, Their extent is unknown, but coastal

i,
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configuration was probably approximately similar to that of

the present-day.,

At appro#imately:%OOO years B.F. a pause in the regression of
the Holocene sea from the area occurred, A short-lived
transgression occurred, This does not necessarily mean that
sea-level rose, only that regression was slowed as a result
of deteriorating meteorological conditions that were respons-
ible for constructional deposition and establishment of an
environment more marine in character than formerly. The
cumulative effect of persistent barometric storm surges,
backed by westerly winds, may have resulted in the piling up
of water along the coast, with flooding of low lying areas,

Wide expanses of land, therefore, would have remained submerged

for lengthy periods of time, with depositional conditions
"simulating”" a transgressive event,

Between Creetown and Cassencarie, the already low lying intex-
tidal mudflats were reworked (as represented by the grey clay
and sandy clay of Cassencarie borehole 4), along with the kame
terrace nargins, The northern margin of the gravelly kame
terrace was penetrated by the sea, followed by carse clay type
deposition within the kettle hole area, Sediment from the
kame terrace was transported seawards to be incorporated into
the storm ridge units along with shell/gravel material from
an estuarine and/or marine source, Very soon after penetra-
tion of the kettle hole, the spit at Creetown formed and the
parallel storm ridges were driven onto the intertidal mudflats.
The ridges dominate the upper parts of the Cassencarie bore-

hole records.

There is some doubt as to the timing of the formation of the
spit south of Creetown., If the formation of the spit pre-
dates the incursion of estuarine waters into the carse clay/
kettle hole embayment, there should be an absence of carse
clays in a hypothetical borehole penetrating the spit at "X"
(Fig. 7.6, 7.7). Modification of the kame terrace into a
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spit after marine penetration into the carse clay hollow
should produce version 1 of the sequence at X, Modifica~-
tion of the kame terrace prior to carse clay deposition
should produce version 2. In both cases the sequence
coarsens upwards. To test this theory another boxehole
must be drilled.

Evidence of the existence of a beach environment in the
Carsluith area similar to that at Creetown is discussed in
Chapter 7.6 and a summary of the development of constructional
features between Creetown and Carsluith is given in Chapter 8.

7.6 THE A75 CARSLUITH BY=-PALS SECTION

7.6.1 Introduction and background

Reconstruction of the history of Holocene sedimentation in
relation to marine transgression and regression in the vicinity
of Carsluith is possible upon the basis of borehole data
obtained along the line of the A75 By-pass (Fig. 7.8). The
route extends from Glebe Luarry (NX 4781 5636), in the Nw, to
south of Carsluith at NX 4918 5445, Thorburn & Partners
kindly provided the data from their preliminary survey.

A thin, intermittent development of marine carse clays, deposi-
ted in the hollows of an undulating fluvio-glacial surface,

is observed in a NwW-SE geological section (Fig. 7.9). The
clays, representing marine transgression on to a land surface,
reach a maximum thickness of c¢. 4m in a hollow NW of Kirkbride
Burn, whilst in the vicinity of Kirkbride Burn itself, they
range from 5m B.O.D., to 5m A.O,D., giving a possible maximum
thickness of 10Om. The carse clays are overlain by discon-
tinuous peat deposits, indicating the final stage of infilling
of hollows, to give a boggy area of ground, formed under stable
or more probably, regressive marine conditions. The topmost
unit, unconformably overlying most of the section, from
immediately south of Glebe Quarry to SE of Kirkbride Burn at
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NX 4851 5492, consists of an approximately 1.25m to 1,50m
thick layer of shelly sand, developed during a constructional
phase of estuarine beach development in the course of marine
regression (see Chapter 7.4, 7.5). The overlying soil
profile is largely sandy containing frequent modern roots and
rootlets, except in the areas immediately above the hollows
occupied by the carse clay. The soil is often clayey and/or
peaty, with roots.

7.7 FACIES DESCRIPTION AND STRATIGRAFHY

7.7.1 The solid geology

Bedrock was encountered and penetrated at the base of two
boreholes and three trial pits, adjacent to the Carsluith Burn
(CAl2a+b) and to the SE of White Hill (CAl4, CAF17-CAF19),.
Because of the presence of rock or a large boulder struck at
the bottom of CAl3, it is estimated also that the rock floor
is very close to the base of CAl13, and CAP16 on the east side
of White Hill, The course of the Carsluith Burn reflects
local bedrock geology, in that it flows along the southern
junction of the Carsluith granite and its adjacent countxy
rock; erosion was along the zone of weakness at the contact.,.
The granite penetrated by boreholes adjacent to Carsluith Burn
was slightly weathered, varying from pale to strong pinkish
white in colour, and having steeply-dipping joints. The
position of the granite margin was estimated by projection of
geological boundaries from the B.G.S. geological map of the
area, The margins of the flanking aureole of contact neta-
morphism were established in a similar manner. SE of

White Hill, the bedrock consists of near-vertical to very
steeply, NW dipping, cleaved greywackes and siltstones,

7.7.2 The unconsolidated deposits

The unconsolidated deposits are divisible into glacial and
post-glacial sediments, '

7¢7.2,1 Glacial deposits

The two types of glacial deposit encountered were till and
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fluvio~-glacial sand and gravel outwash, The latter is the
more widespread, forming marginal kame terraces. The deposits
are distributed along the section throughout three easily-

distinguished areas.

Locations CAl1 to CAF3

At the NW end of the section, the ground level drops from over
10m A.O.D. between CAl and CAla, to a little over 5m A.0.D. at
CAP3, Between these boreholes, approximately 5m of poorly-
sorted, coarse to fine gravels and sands overlie a grey silty
clay layer (present between CA2 and CAr3), which contains
coarse to fine gravel. The grey silty clay with gravel,
cobbles and shells from 1,39m to 4.29m A.O.D. in CAP3, possibly
represents glacial till.

Locations CA4 to CA6

Between CA4 and CA6, ground level varies little from 5m A.O.D.
The deposits consist of poorly-sorted fluvio-glacial sands and
gravels, with cobbles, and in two of the boreholes (CA4 and
CAP4), boulders of ¢c. lm diameter, The true thickness of
these deposits cannot be estimated, since their junction with
the underlying till (if present) was not recorded. ' It is
envisaged, however, that this surface of contact dips south or
south-east between CAP3 (where it was recorded) and CA4, The
boundary between the fluvio-glacial and overlying non-glacial
deposits forms a hollow, later infilled by carse clays.

Locations CAP13 to CAF19

The most widespread "glacial' material is found at the SE end
of the section, where the ground rises from 10,90m to 24,32m
A.0.D. but is at its highest on the “summit"% of white Hill
(27.90m A.0.D. ). The fluvio-glacial deposits rest directly
on bedrock, without intervening till deposits. Between CAF13
and CAll the deposits constitute highly compacted, generally
variably graded units, of poorly-sorted sands and gravels with
frequent boulders, Silt and clay form the matrix, but are

not found in great quantity, The Carsluith Burn has eroded a
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deep channel into the NW flank of White Hill as a result of
rapidly falling sea-level in recent times., The boreholes
immediately adjacent to the Burn (CAP14 to CAP15), show a
fining-upwards sequence, evidence of repeated fluvial
re-sorting of the fluvio-glacial outwash, SE of the Burn,
the boulder-free deposits immediately underlying White Hill
(CA13 and CAP16), consist of well-graded, coarsening-upwards
units of silty coarse~to-fine sand and gravel, From CAl14 to
CAP19, the fluvio-glacial gravel layer thins to c. 0,50m, It
rests directly on moderately-weathered, slightly metamorphosed
grey siltstones, which contain occasional quartz veins,

7.7.3 Post-glacial deposits

The post-glacial sediments are '"carse clays", deposited
unconformably by estuarine processes, within what appear in
section (IFige. 7.9) as distinct hollows in the fluvio-glacial
surface, In three dimensions, there may be only one hollow
but, for the purpose of this discussion, the two that appear in
the section are treated as separate hollows,

Hollow 1, CAP5 to CAFr6

A shallow, asymmetrical hollow is present in the fluvio-~glacial
deposits between these boreholes, its deepest point probably
occurring below CAr6 at ¢, 0,00m A.0.D, On the flanks of the
hollow between CAP4 and CAPS, a thin discontinuous layer of
peat rests directly on the glacial deposits. It exhibits
numerous roots and becomes sandier with depth, The lower
peaty deposits in CA5 may represent reworked sediments from
“"yp-slope" since they are present within a shelly sand and
gravel. The latter is probably reworked from underlying
sediments,

BEvidence for the preéence of carse clays is observed in CAP6,
where 1,50m of grey, sandy, silty clay with gravel and shells
(between 1.89m and 3.39m A.O0.D.,) rests upon a layer of brown,
slightly=-gravelly, silty fine sand. It is probable that the
lowest sand unit floors the hollow and can be considered a
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"basal transgressive sand', Overlying the clays at above
3,00m A.O.D. in CAr6 and at 3.,50m A.O0.D. in CA5, is a loosely-
packed black peat, incorporated within a shelly silty sand.
The presence of this peat seems to indicate a temporary inter-
ruption in marine conditions to give a boggy hollow where peat
could form., At the SE end of the hollow, the carse clays are
overlapped (and pinched out) by an overlying shelly sand,
which rests unconformably and directly on fluvio-glacial
deposits.,

Hollow 2, CA6 to CAlO

The hollow developed between these boreholes is deeper than
Hollow 1. A floor of fluvio-glacial material was not reached
by the boreholes and pits, but probably is present at depth,
falling southwards from CA6, The thickness of the carse
deposits cannot be estimated accurately. Between boreholes
CA6 and CAl10 the carse deposits consist of typical grey to
grey-blue, firm to soft clays, interbedded with thin layers of
silt and fine to medium sand and occasional gravel layers,

The clays have been greatly modified by the shifting channel of
the Kirkbride Burn., At CA7, and Kirkbride Burn (CA8, CA9,
CAP10 and CAPl1l), there are several cycles of channel-infill
deposits, showing a coarsening-upward sequence of channel floor
gravels, silty clays, alluvial gravels, Overlying the carse
clays in CAP9 and CAF1l0 are soft brown clays with shells,
thought to represent upper tidal-flat conditions of sedimenta-
tion, Peat extends from CAP1l2 towards CAl10, capping the carse
clays between these boreholes, The maximum altitude of the
upper surface of the carse deposits is estimated as 10m A.O.D.
In Fige 7.9, therefore, the boundary between the hollow and
the glacial deposits (from CAP13 southeastwards), is placed at
10m A.O0.D. and it is extended northwestwards until it
encounters the tentatively calculated position of bedrock. The
carse deposits of borehole CAlO are probably in close proximity
to fluvio-glacial material as they contain a higher proportion
of reworked gravel than the corresponding deposits in the bore-
holes to the north-west of CA1l0,
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Locations CA2a to CAlO

The topmost unit in these boreholes is a widespread, shelly
sand blanket resting unconformably on all older deposits and
averaging 0,70m in thickness. 1t is an ill-sorted, laxgely
fine to medium sand with variable silt and clay content and
some gravel, It also contains rootlets in its topmost part.
The shell/sand blanket is highly undulatory, appearing ridged
in the vicinity of CAro and CAr7. This ridge is comparable
with a ridge at Hollanbank (NX 482 555), where shells of
Cerastoderma edule, obtained from the crest ot the ridge, at

5.24m A.O.D., were dated at 2,027 I 108 years by Jardine (1975;
Chapter 7.5). |

7.8 STRATIGRAFHIC HISTORY AND INTEKPRETATION OF THE
A75 CARSLUITH BY-rASS IN RELATION TO EUSTATIC/
ISOSTATIC CHANGES

A summarised stratigraphical/environmental column is shown in
Fig. 7.10, The till and overlying fluvio-glacial outwash
sediments were deposited when the level of the sea was much
lower than that ot the present-day. The till (CAl to CAF3)
was deposited under conditions of ice advance, when the
climate ameliorated, ablation of the ice released large
quantities of neltwater and the Cree valley was choked with
fluvio-glacial debris, rapidly "dumped" and clearly repre-
sented in the section as "moundy" deposits on the underlying
till (see CAl to CAZ, CA4 and ChO). The upper surtace of
the outwash sediments is hollowed between CAS5 and CAb, the
hollow possibly being a kettle hole, S of CA6 the fluvio-

glacial sediments underlie the carse clays.

Between CAF13 and CAr19, the fluvio-glacial deposits resting
on bedrock are terraced, possibly as a result of changing
eustatic/isostatic conditions, At CAP19 where bedrock is
exposed, the small cliff that is present perhaps was eroded
during a period of high relative sea-level prior to late-
Devensian times, At the maximum of the last (Devensian)
major glacial episode, c. 20,000 - 18,000 years BF, sea-level
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stood at a position much lower than that of the present-day,
In Holocene times, sea-level rose again, and the carse clays
of this area were deposited in the course of the resulting
marine transgression. The time gap at the fluvio-glacial/
carse clay boundary, therefore, is quite considerable; long
enough for peat to form on the floor of the hollows between
CAP5 and CAS, A small cliff was eroded in the fluvio-
glacial deposits between CAlO and CAF13, the sands and
gravels of the outwash sediments being incorporated into the

carse clays of CAlO0,

In response to the Holocene marine transgression, the

Kirkbride Burn was transformed into a meandering tidal creek,
shifting laterally at 90° across horizontally-deposited lower
tidal-flats (analogous to the present-day Moneypool Burn at
Creetown, Chapter 10). tvidence of lateral channel migration
is preserved in three sequences of channel-infill below the
present-day Kirkbride Burn, and in a small gully infill at

CA7., Below the Burn, the oldest and deepest channel-infill

is recorded in CA8, where channel-floor gravels, found at

5.0lm B.V.L., are overlain by clayey silts to 0,01m B.O.D.
Overlying the silts at the level of O.D. are gravels, depoéited
during a late phase of aggradation by Kirkbride Burn, The
Burn underwent NW lateral migration, resulting in lateral
accretion of low tidal-flats in the same direction. The marsh
observed in CAF12 probably built out NW, contemporaneously with
formation of the tidal-flats. Upper tidal-flats exhibiting a
patchy distribution are confined to CA10 and CAr9, During the
phase responsible for the third channel=-infill, Kirkbride Burn
migrated in a SE direction, eroding the clays previously
deposited as it moved NW,

Shortly after Kirkbride Burn began migrating Sk, marine regres-
sion commenced, relative sea-level falling comparatively
rapidly. Consequently, the channel-infill in CA8, CA9, CAFP11l
and CAP10 became of coarser grade as the Kirxkbride Burn eroded
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more vigorously to keep pace with falling sea-level, A
temporary halt in the recession of the sea then occurred,
resulting in a change of environment., Unconformably over-
lying most of the section from CA2a to CA10 is a shelly
sand, interpreted as an estuarine beach sand, that formed an
uneven ridged blanket, " This deposit was formed as a result
of temporary shifts in estuarine current patterns, that led
to shoreward migration and coalescence of shore-parallel
bars. Hydrodynamic changes associated with falling sea-
level may have been accompanied by meteorological changes
that included a dominant $W wind, aiding accretion of the
parallel ridges under storm conditions, This constructional
phase of deposition is recognised elsewhere on the eastern

side of the Cree estuary, e.g. at Cassencarie (see Chapter 7.4

for further discussion), prior to a further fall in sea-level

to its present-day position.
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CHAPTER 8 - HISTORICAL AND PALAEOGEOGRAFHICAL
RECONSTRUCTION OF THE LOWER CREE ESTUARY
AREA IN RELATION TO SEA-LEVEL CHANGE

The sedimentary and stratigraphié sequence of the lower Cree
estuary area is summarised by a "type" sequence presented in
Figure 8.1, The sequence is complete at Cassencarie and
Carsluith but the "estuarine beach development" phase is

absent from the Creetown area,

The development of the sequence and associated environment
within the context of sea-level change at the three locations

is now discussed in detail,

Prior to glaciation, sea-level was at least 28m lower than at
present since bedrock weathering effects were noted at this
altitude (i.e. 28m below the surface at Moneypool Burn),
indicating that the area around Creetown was subaerially -
exposed (see Chapter 7.2.,1). It is assumed that sea-level
remained low throughout the course of glaciation.

The bedrock surface in the lower Cree estuary area is
undulatory or slopes downwards in a general N to S and sea-
ward direction, Upon this surface, at the close of ﬁhe
Devensian age, the fluvio-glacial sands and gravels were
deposited during a period of ice ablation (Fig. 8.2), ' Sea-
level was low at this time, but had started to rise, Fluvio-
glacial deposits form mound or terrace-like features

(e.g. fluvio~-glacial kame terraces of Cassencarie and White
Hill, Carsluith). Thick (17m) fluvio-glacial sands and
gravels infill the palaeovalley of the Moneypool Burn, these
deposits probably accumulating rapidly,

The pace of sea-level rise quickened during the early post=-
glacial period with the advent of the Holocene marine

transgression, The sea penetrated northwards from Wigtown
Bay flooding into the lower Cree estuary area, initiating a
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drastic change of environment and style of deposition.

Initially the marine waters flooded the lower courses of the
Moneypool, Kirkbride and Carsluith Burns, Small amounts of
transgressive coarse-grade lag deposits were reworked from

the underlying fluvio-glacial sands and gravels, The sea
continued to rise, flooding hollows within the moundy fluvio-
glacial deposits (Fig. 8.2), depositing pockets of clays,
silts, fine sands and peaty debris unconformably on the under-
lying sediments, The seaward limit of the hollows is
uncertain since the carse clays extending to below present-day
L.W.M,O.5.T, are overlain by recent sediments and, therefore,
cannot be investigated thoroughly,

Initially the environment was one of lower tidal-flat which
gave way to accumulation of upper tidal-flat and marsh
deposits as the transgression diminished, The transgressive
event itself was shortlived. The sediments deposited were
at the "feather edge" of the transgression - as soon as the
latter had reached its lateral and altitudinal extent marine
waters began to recede, Isostatic rebound started to out-
pace the rising sea-level and a depositional regression
occurred, |

North of Creetown and Moneypool Burn the hollows are infilled
with upper tidal-flat.deposits overlain by marsh (Fig. 8.3).
Lower tidal-flat conditions probably did not exist along this
margin as far north as these locations. Between.the hollows,
thin marsh rests directly on fluvio-glacial deposits,

In the vicinity of Creetown there existed a sheltered muddy
embayment, protected by the Cassencarie glacial kame terrace,
Lower tidal-flats Weie;overlain unconformably by upper tidal-
flat depositéhaﬁd'thin/maréh. Frequently, upper tidal-flats
rest unconformably on older deposits giving rise to numerous
erosive breaks. Sediments of the sheltered embayment were
dissected by the laterally migrating Moneypool Burn, which
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began to incise the carse deposits as sea-level fell, Marsh
and tidal-flat progradation occurred simultaneously.

South of Cassencarie as far as Carsluith, similar environ-
mental conditions to those of the Moneypool Burn existed.

The Kirkbride and Carsluith Burns underwent several phases of
lateral migration. As sea-level fell, patches of peat
accumulated at the base of the cliff beneath White Hill. The
Carsluith Burn downcut vigorously to bedrock through fluvio-

glacial deposits.

The depositional regression led to the seaward progradation
of intertidal flats and marshes, Increased incision occurred
as the River Cree kept pace with the rapid withdrawal of the

sea,

Certain morphological features of the Cassencarie area are the
result of a pause in the Holocene marine regression c. 2,000
years B.P. The pause coincided with changing meteorological
conditions, Stormy conditions resulted in the reworking of
the kame terrace deposits at Cassencarie to form a spit

(Fig. 8.4). The terrace was breached at a low point and an
existing kettle hole was flooded by the sea. Simultaneously,
to the south, medium- to coarse-grade marine sediments (sands
and gravels) and reworked fluvio-glacial deposits were .
transported landwards to form shore-parallel and oblique bars.
These are localised features developed between Cassencarie and
Carsluith, preserved as ridges seen in aerial photographs, No
evidence of the presence of bars was found at Creetown or
further north, due probably to its sheltered location, In
the vicinity of Carsluith similarly-derived material forms a
thinly-developed estuarine beach blanket.,

Since 2,000 years B.F., the sea has receded further, To the
north of Creetown a marsh environment is present around
H.W.M.0.S.T. 'To the south of Creetown below H.W.M.0.S.T.,
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the environment is of mud or mixed sand/mud estuarine type
‘beaches. At present, the shores of the Cree estuary show
a mixture of erosive and depositional features. South of
Cxreetown as far as Carsluith, H.W.M.0.S.T. is marked by a
small cliff c. 1lm in height and backed by a supratidal
grassy backshore, Elsewhere it is located on a deposi-

s

tional feature, e,q. a prograding mudbank,
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CHAPTER 9 - THE UPPER FLEET ESTUARY SECTION

9.1 THE A75 GATEHOUSE-OF-FLEET BY-PASS SECTION

9.1.1 Introduction

A correlated NW to SE geoldgical section, assembled from bore-
hole information acquired by Babtie Shaw & Morton during a
preliminary survey along the line of the proposed A75 divefsion,
south of Gatehouse-of-Fleet (Fig. 9.1, Inset), has yielded
valuable information regarding the nature and history of the
valley infill at this point, A total of eighteen boreholes

and one trial pit were recorded in the section (Fig. 9.1), which

is now discussed,

9.2 FACIES DESCRIPTION AND STRATIGRAPHY

9.,2.,1 The solid geology

The "palaeovalley" floor of the Water of Fleet (as defined by
the solid rock/drift junction) exhibits a 2.5km wide.
"U¥-~shaped cross-sectional profile, characteristic of an area
which has been scoured by ice, which in this region moved from
NNE to SSW, perpendicular to the cross section. The valley
floor is asymmetrical, its deepest point c, 27.50m B,O.D.,
below B0O55, SE of Cardoness Bridge, The rocks undexlying the
section consist of green-grey greywacke sandstones, dipping
steeply or vertically to the NW. The sandstones are cut by
numerous quartz veins and quartz-filled tension gashes,

9,2,2 7 Glacial till/Fluvio-glacial sands and gravels

The till, averaging 3m in thickness, recorded in the extreme
SE of the section, rests directly on the rock floor of the
valley side. The deposits-comprise an upward-coarsening
sequence of clayey silts, with brown, fine to coarse sub-
rounded cobbles, overlain by alternations of brown silt and
coarse sand with fine to coarse sub-angular to sub-rounded
gravel,
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9.2.3 "Raised beach" deposits

Sediments recorded as '"raised beach" deposits by B.G.S. and
Babtie Shaw & Morton, are thought to be fluvio-glacial

marginal kame terrace sediments.

The deposits concerned, overlying a rock bench 1ocatéd on the
SE side of the valley at Laundry wood (B1235), vary from 3,50
to 4m in thickness, They consist of well-sorted, alternating
layers of fine to coarse sand and cobbles, Sand content
increases with depth (i.e. there is an upward coarsening}).
Thicker developments of these deposits are recorded NW of
B026, on the edge of the section, but are not considered in

this discussion,

9.2.4 Stiff organic clays

These deposits have similar textural characteristics to the
pale grey clays of the Cree estuary (Chapter 5), i.é. they
are stiff and can be moulded, These clays also contain a
significant proportion of fine organic material, but there is
no evidence of marine shells. The stiff clays, 9 to 10m in
thickness, rest unconformably upon the underlying sands and

gravels,

9.2.5 Carse clays

The contact between the carse clays and the underlying stiff
clays is assumed to be an erosional disconformity as in the
Cree valley area, The carse clays are overlain unconformably
by river-channel gravels and sands. The grey clays vary from
2.50m to 6m in thickness, consisting of laminated, grey, clayey
sandy silts, with an increasing clay content with depth, They
contain plentiful shell fragments, suggesting that the facies
was formed under marine/estuarine conditions, or had con-

nections with a marine environment,

9.2.6 River-channel gravels and sands

These deposits are generally poorly sorted, sheet-like gravels

Ead



217

and sands, varying from 1.50 to 5m in thickness, contained
within channels downcut into estuarine/tidal-flat sediments.
The lower unit of channel gravels and sands spans the whole
width of the valley, overlapping slightly onto the "“raised
beach" deposits in the SE, and solid rock in the NW,

Between Cally Mains underpass and the Old River of Fleet, the
lower unit of river gravels and sands rests ona stiff grey
clay "mound", the surface of the mound having been levelled
by erosion as the channel swept across the valley. It should
be noted that this mound was a prominent feature with a hollow

!

containing carse clays on either side., The facies is repeated

between Cally Mains underpass and the NW margin of the Fieet

valley, being emplaced within the brown-grey clays. It varies |

from 2 to 5m in thickness,

9.,2.7 Peat

The lower unit of river gravels and sands is overlain at two
localities, NE and SE of Cally Mains underpass, by peat
approximately 0.50m to 1lm in thickness. In the section

(Fig. 9.1), two separate lenses of peat are shown. It is
possible, however, that the lenses represent a continuous, more
extensive thin layer of peat, Peat is also forming at the
present-day surface of the Old River of Fleet infill,

9.2,8 Brown-grey organic clays

These soft clays, 2 to 3m thick, and overlying the lower unit
of river-channel gravels and sands unconformably, comprise
brownish-grey laminated clays, with variable amounts of organic
matter, They overlap the limits of the river deposits to rest
on “"raised beach" material in the SE and solid rock in the NW,

9.2,9 Mottled silts and clays with rootlets

These silts and clays blanket all older facies unconformably,
overlapping and resting directly on "raised beach" deposits in
the SE and on solid rock and raised beach deposits in the NW.
The deposits are soft, mottled grey-brown, orange-brown, clayey
silts and clays penetrated by rootlets, with traces of organic
matter, and scattered pockets of fine to medium sand,

1
|

i
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The 01d River of Fleet

The course of the Old River of Fleet consists of a repeat of
the afore-described facies, resting on the brown-grey organic
clays, perhaps within an erosion channel. The muddy infill
contains a few shell fragments, together with peat which is
still forming at the present day.

9.3 STRATIGRAFHIC HISTORY AND INTERPRETATION OF THE.
GATEHOUSE=-OF -FLEET SECTION IN RELATION TO
EUSTATIC/ISOSTATIC CHANGES

A sunmary of the lithofacies, interpreted environments and
chronology of events is presented in Figure 9,2. During the
last main Devensian glaciation, the Gatehouse-of-Fleet area was
scoured by ice originating in the hills to the north (Geol,
Survey Sheet 5 Explanation). Direction of ice travel was

"N to $ and NE to SW, as indicated by striae recorded on roches
moutonées, The ice probably moved in a NE to $W direction
down the Fleet valley, depositing the till recorded at the SE
margin, on the bare rock floor.

when climatic conditions ameliorated and the ice melted, a
blanket of fluvio-glacial sand and gravel outwash was deposited
on the floor and margins of the Fleet valley. Sea~level was
lower than at present, but rising during this tine.

Overlying the fluvio-glacial deposits unconformably are "stiff"
organic clays, possibly deposited in a boggy marsh environment.
Since the clays are very similar to the pale grey clays of the
Cree valley, which are thought to be estuarine and/or maréinally
terrestrial in nature, it is further suggested that with time
the waters of the boggy marsh environment in the Fleet valley
became increasingly saline and eventually fullykestuarine/
marine in character, The transitiogwfﬁaﬂnsye stiff organic
clays to the overlying shelly grey clays [with a transgression
as the sea penetrated the area, transforming it into an estuary.

A lower tidal-flat environment was established, with typical
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horizontally-bedded deposition occurring through the processes

of lateral migration of muddy point bars of the "palaeo-Fleet".

Estuarine conditons persisted for a short time only, prior to
the deposition of extensive river-channel gravels and sands
of the "palaeo-Fleet", These sediments are interpreted as
deposits of a laterally-migrating, low-sinuosity river-channel
(hence their sheet-like nature), which swept across the Fleet
valley in a NW to SE direction, The channel deposits
represent a period of fluvial dominance, due to the now-
increasing isostatic rebound, that resulted in increased
erosion rates and fluvial aggradation. Limited evidence for
a minor regression at this time is available in that a thin
layer bf peat, perhaps as two separate lenses, is recorded as
overlying the channel gravels, This may suggest that sea-
level had dropped low enough for peat-forming conditions to
develop. However, it is just as possible, and more probable
that peat-forming conditons developed in relation to a change

in river-channel position due to avulsion processes,

The overlying soft, brownish-grey clays are interpreted as
muddy upper intertidal flat deposits, with variable amounts of
washed-in organic mattex, It is suggested that the peat did
not form under conditions of regression, but did so in an
environment above H.W.M.S.T,.,, under rising sea-level conditions.
The thickness of the peat can be accounted for by rapid growth,
which initially outpaced the rate of sea~level rise, The
latter diminished as the sea reached its maximum altitudinal
and lateral extent, The position of the peat relative to the
overlying tidal-flat, therefore, can be explained on the basis
of the behaviour of adjacent but shifting environments and
their lateral relationships as the valley infilled whilst sea-

level continued to rise but the rate of rise was diminishing.

It is envisaged that sea-level had started to fall during
deposition of the brown-grey organic clays, and this phase was
followed by a pulse of fluvial dominance with a further period
of channel gravel and sand deposition,. At this time, river
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migration was confined to the NW margin of the valley, west of
Cally Mains underpass.

The mottled silts and clays lie unconformably on the soft,
brown-grey clays below. SE of 0Ol1d River of Fleet, erosion of
the upper tidal-flats resulted in the mottled silts resting
unconformably on older channel deposits; a channelised depres-
sion in the marsh was filled subsequently with prograding high
intertidal flat to marsh deposits (i,e, the mottled silts and
clays).

West of Cally Mains underpass, the clays and silts rest uncon-
formably on river-channel gravels and probably represent the
infilling and silting up of a channel, followed by marsh pro-
gradation, as avulsion had created a new channel for the Water
of Fleet further to the SE. The new channel, which appears to
have been tidal, as the sediments contain shell fragments, was
infilled with muddy clays, The course of the 0Old River of
Fleet has been altered in historical times, the river being
artificially straightened between locations NX 595 557 and

NX 588 547, This has led to rapid incision into old river
sands and gravels by the channel of the present-day Water of
Fleet, since it cannot freely migrate between two concrete
walls, The abandoned channel of the Old River of Fleet is
infilled with peat deposits which are forming at the present=-
day marsh surface,
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YART B

THE FRESENT-DAY ESTUARY OF THE RIVER CREE:

FROCESSES AND FRODUCTS
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CHAPTER 10 - THE CREE ESTUARY SYSTEM

10.1 GENERAL INTRODUCTION AND BACKGROUND

An estuary is a particularly ephemeral feature of the earth's
surface, located in the transitional zone between terrestrial
and marine environments and, therefore, subject to the inter-
active nature of fluviatile and marine regimes, and longer-
term effects of eustatic and isostatic changes. These
influences create characteristic estuarine conditions which
control erosion, transportation and deposition in a physically
complex and varied environment, which is as yet inadequately
defined. There have been many attempts at defining an
estuary, each dependent on the author's personal point of view,
e.g. Davies (1973), Hayes (1975), Berthois (1978) and
Fairbridge (1980). The most frequently adopted is that of
Pritchard (1967, p.3-5), who stated that an estuary "is a
semi-enclosed body of water which has free connections with
the open sea and within which sea water is measurably diluted
with fresh water derived from land drainage'. From a
sedimentologist's point of view, however, this definition is
too narrow as it does not consider the importaﬁ? of sedi~-
mentary structures and facies, For the purpose of this
study, the nost appropriate definition is that given by
Howard & Frey (1980): "an estuary is a complex of intertidal
and shallow sub-tidal, intercoastal facies, dominated by
tidal processes, exhibiting conspicuous variations in sedi-
ment texture, composition and provenance and in physical and
biogenic structures',

The estuary of the River Cree is a tributary estuary of the
Solway Firth, aligned at right angles to the Firth's northexrn
shore (Fig. 10.1), The ENE - WSW éénding Solway Firxth

2 and is divisible into “inner" and

covers an area of 2,560km
"outer" areas on the basis of hydrographical and biological
criteria (Perkins,1973), The estuary under consideration
belongs to the "outer" region of the Solway Firth, defined as

being west of a NW - SE line from Southerness Point on the
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Scottish shore to Dubmill roint, Cumbria (Perkins, 1973 p.30).
The outer limit of the Solway Firth is defined by a WNW - ESE
line from the Mull of Galloway to St. Bees Head.

In order to understand the estuarine processes operating
within the Cree estuary and the resulting pattern of sediment
distribution and sedimentary structures of the box-core study
areas (Fig. 10.1,inset), it is necessary to outline the distri-
bution, texture and bedforms of sea-bed sediments, and to give
a description of tidal-current processes operating in Wigtown
Bay and the immediately adjacent part of the Solway Firth, It
is envisaged that the Cree estuary receives a considerable
sediment input from the adjacent shelf area. This inference
is not easily proved, but is hinted at by the prevalence of
flood-dominant structures of various sizes, e,q., ebb/flood
"avoidance" channels and flood-oriented ripples, within all
the box-core study areas, suggesting a persistent shoreward
movement of sediment, Once within the estuary "mouth", the
sediment input becomes trapped by the flood-dominated pro-
cesses and, although vigorously reworked by estuarine
processes, is progressively carried up-estuary to be deposited
(Van Straaten & Kuenen,1957,1958 and Postma,1961,1967), As a
result of the processes involved, there is a distinct separa-
tion of muddy and sandier sediments, the former being
concentrated in the upper regions of the estuary (north of
Creetown), the latter in the form of tidal shoals, south of
Creetown towards Wigtown Bay, Because of the high proportion
of muddy sediment that is accumulating noxth of Creetown, the
estuary is silting up rapidly.

The "outer" region of the Solway Firth is characterised by
varied sea~bed sediments and bedforms (Figs. 10,2a and 10,2b
respectively), The greatest distribution of muddy sediments
outside the estuary occurs within the Wigtown Bay area, as far
south as Burrow Head, Muds are thought to concentrate in the
Bay due to the relatively sheltered position for deposition.
An approximately concentric pattern of sediments occurs,
varying from the centre outwards from mud to’ sandy mud to
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slightly-gravelly muddy sand and gravelly muddy sand

(cf. Folk, 1954)., This substantial body of muddy deposits
is thought to contribute considerably to the fine-grained
sediment within the Cree estuary., Sediment distribution
within the Cree estuary indicates an abrupt landward-fining,
from predominantly slightly-gravelly muddy sand at the mouth
to sandy mud as far noxth as Creetown in the lower Cree
estuary, fining to slightly-sandy silt and mud north of
Creetown in the upper Cree estuary.

Immediately SW of Burrow Head there is a distinct coarsening
of grain size of material, varying from gravelly muddy sand
to gravelly sand to muddy sandy gravel., SE of Burrow Head,
the grain size is predominantly slightly gravelly sand with
sand patches.

The distribution of bedforms (Fig. 10.2b), as assessed by
Caston (1976), corresponds closely with the sediment grain-
size distribution and texture, From Wigtown Bay to its
confluence with the Solway Firth (area of concentric mud
deposition), the sea bed is snooth and featureless, as

would be expected in fine-grained muddy sediments. lnmedia-
tely SW of Burrow Head (in sands and gravels), the sea floor
is smooth to gently rounded with a development of gravel
furrows aligned parallel to the tidal stream, Extensive
sand deposits on a smooth floor SE of Burrow Head are
fashioned into sand and gravel waves, with crests aligned at
right angles to tidal currents.,

Bedform distribution and construction is a product of the
specific nature of the available sediment size-grade and the
-tidal-current processes in operation, which in turn are
considerably influenced by prevailing meteorological
conditions, - Perkins (1973, p.7) states that, during the
summer, an onshore movement of sand, deposited by long, low
waves, is detectable in the Solway Firth, The reverse
occurs in winter, with erosion resulting from the plucking
action of short steep waves. Longshore drift is negligible
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throughout the Solway Firth, possibly because of the intri-

cate nature of the coastline,

In the movement of sediment, tides are of much greatex
influence than waves in the "outer" Solway Firth, Amplifi-
cation and asymmetry of the tidal wave as it moves shore-
wards on to an indented coastline with funnel-shaped

estuaries results in a sharp rate of tidal rise and a

slower rate of fall. Due to rapid changes in flow direction
of tidal currents at low and high water, ebb/flood "avoidance"
occurs, a situation where outflowing and inflowing currents
follow different courses to produce separate ebb and flood
channels. This situation is characteristic of the whole of
the Cree estuary, at varying scale, although in the fluviatile
part of the estuary, north of Creetown, the ebb/flood
avoidance pattern is "weakened" by strengthened fluvial flow,

10.1.,1 Tidal dynamics of the Cree estuary

The tidal range of the Cree estuary exceeds 4m, Therefoxe,
according to Hayes (1975), it is classed as a macrotidal .
estuary. The tidal cycle, lasting approximately 12 hours
and 30 minutes, is semi-diurnal, The tidal wave is greatly
amplified as it progresses landwards, especially north of
Creetown, where the estuary channel is restricted between
incised banks. Flooding of the estuary takes approximately
3 hours and 30 minutes, whilst the duration of the ebb flow
is 9 hours., Maximum current velocities are offset from the
mid-point between ebb and flood tide; maximum ebb velocities
occur very early in the ebb period, c.30 minutes to 1 hour
after high tide, whilst maximum flood velocities are attained
over a similar length of time after low tide. The flood
current maximum velocities are greater than those of the ebb,
but are normally of shorter duratioﬁ. Asymnmetry is also
illustrated by relatively low velocity for a longer time near
the slack after flood (closerto high water than after ebb);
i.e. the current direction turns more slowly at high water
than at low water,

b v oo e
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Meteorological Forces

Variations in wind stress and atmospheric pressure create
water-level changes that affect and disrupt the circulation
pattern of tidal currxents on the shallow sea shelf bordering
the estuary. Consequently, tide heights vary considerably
as a direct result of the cumulative effects of tide type
(neap, spring) and prevailing meteorological conditions,

It was observed that the incidence of the flood tide on the
Cree estuary would frequently be 30 minutes later than
predicted if the waters were retarded in the estuary mouth by
an opposing NW wind, If the wind was from a SE direction,
the flood tide was usually earlier than anticipated. Ebb
flows, on the other hand, were accelerated by NW winds and
restrained by south-easterlies, When barometric storm surges
are co-incident with a spring tide and a period of heavy rain
(the latter usually in winter), a bore forms on the River Cree
at Carty Port (NX 4350 6230), due to oversteepening of the
already highly asymmetrical tidal wave-form and because of a
constriction in river width at this location., The bore
travels upstream, steepening at Roadfoot (NX 4350 6580), where
it meets further constriction in river width., The bore
continues upstream to the NIL, overtopping adjacent banks and
flooding the surrounding farmland,

It is very difficult to generalise about meteorological
conditions but fair to say that any subtle change affects the
tidal dynamics acutely, thereby altering the pattern of sedi-
mentation within the estuary. Since meteorological conditions
are highly unstable and variable, it can safely be assumed that
the state of sedimentation within the estuary at any given time
is also variable and highly complex.

10,1.2 Introduction to sub-environments of the
present-day Cree estuary

The River Cree rises in Loch Moan, on the western flank of
Merrick, within Galloway Forest rark (Fig. 10.3). Its

catchment area overlies an area of Orxdovician and Silurian
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sediments and younger intrxusive rocks, covered by moorland
(with peat), deciduous and coniferous forest and part-
agricultural land. The annual volume of freshwater entering
the estuary from the upper reaches of the Cree (north of
Newton Stewart) is constant but peak discharges occur during
winter and spring thaws, Additionally, there are occasional
"flash floods" due to summer and early autumn storms, The
development of the upper Cree drainage system, from its
source southwards to Newton Stewart, is discussed by

Jardine (1959).

For the purpose of this study, the estuary of the River Cree
is defined as extending southwards from the river's normal
tidal 1imit (NIL), at location NX 416 646, for a distance of
c. 16,5km, to where it enters Wigtown Bay, south of Carsluith.

The upper Cree estuary (Fig. 3.2), extending from the NIL to
Creetown (location NX 470 580), flows in a NNW to SSE direc-
tion for a distance of 7.5km, The rxiver is deeply incised
and highly sinuous, essentially fluvial in character but
nevertheless still strongly influenced by tidal processes.
The marked sinuosity is due to active erosion in cohesive
bank materials (clays and silts), combined with a steady
discharge and recent incision due to lowering of base level
upon marine regression, followed by infilling of the estuary.

The Palnure Burn (Fig, 10.3) is an important left bank
tributary of the River Cree, flowing N to S through a steep-
sided valley confined by rock walls to its confluence with
the Cree at location NX 452 652, The valley of the kalnure

Burn is divisible into 3 areas as follows:

1., Bargaly Glen (north of Craignine Bridge
at location Nx 4600 6631, - rock-=floored;
not considered in the following discussion.

2, Craignine Bridge to the NIL -~ flat-floored;
thinly-developed carse clays resting upon
fluvio-glacial deposits,
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3., NIL to confluence with the Kiver Cree - the Burn

has a sinuous course, with tidal-creeks.,

For a distance of over 3km, the Palnure Burn assumes a
sinuous course from its NIL near Crew Hole (NX 4577 6527) to
its mouth and confluence with the River Cree. At location
NX 453 627, there is a well-developed meander known as “the
Loop", The Burn is 10Om in width at its NIL, reaching 60m in
width at its confluence with the Kiver Cree, It experiences
flood-tide velocities comparable in rate with those of the

River Cree. The flow is highly turbulent, with a considerable

amount of clay and silt in suspension, After a period of
heavy rain, when fluvial discharges are increased, fresh-water
extends as far south as location NX 4588 60438, 0,90km down-
stream from the NIL, The flood tides do not reach the NIL at
these times, The situation equilibrates over a period of

days as discharge returns to normal,

The lower Cree estuary (Fig. 3.2), extends from south of
Creetown, at location NX 470 580, to the mouth of the estuary,
defined as a NE to SW line from Garvellan Rocks (NX 550 514)
to Eggerness Point (NX 494 464), a distance of 9km. It is a
true estuary, characterised by a frequently-shifting network
of channels and tidal-flats (unvegetated), located south and
SW of Creetown, respectively, South of Carsluith, the
estuary is essentially an inlet with elongate tidal sand
banks or ridges, separated by ebb/flood avoidance channeis.
Extensive intertidal flats flank the western marxgin of the
Cree estuary south of location NX 460 580 as far as Jultock
roint (NX 488 490),

Detailed investigations of the sub-environments of the Cree
estuary are discussed in Chapter 10.2 and 10.3 respectively.

10,1.3 Methods of investigation

The collection and preservation of sedimentary structures
from unconsolidated sediment was achieved by the taking of
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box-core samples and the making of resin peels, These two
methods, described by Collinson & Thompson (1982), are now

discussed.

Box coring using the benckenberg—type box

Straight-sided, open-ended boxes (20cm length x 15cm width x
10cm depth), oriented parallel to the ebb/flood direction,
were pushed vertically into the sub-aerially-exposed sediment
surface to obtain a cross section of the preserved sedimentary
structures, The boxes were then extracted by spade, after
the insertion of the box lid or cover to contain the sediment

(Fig. 10.4).

Resin Peels

Back in the laboratory, the box-core samples were trimmed,
and surfaces were levelled and scraped clean with a razor
blade and soft paint brush to enhance sedimentary structures
and macrofauna that were present (Fig. 10,5). The contents
of the boxes were photographed in black and white and
enlarged prints obtained for study. Using a gun method, the
samples were then impregnated with an epoxy resin (Ciba-Geigy
Araldite Er-1S), which penetrated the sediment to variable
depths accorxding to the differing porosities and permeabili-
ties of individual layers (of clay, silt and sand).,

After the resin had hardened (in approximately 24 hours), the
samples were released from the boxes and the peels cleaned of
remaining loose sediment, The contrasting grain size of
laminations now stood out in relief, The peels were photo-
graphed further, for a comparative study with those taken
prior to impregnation and, in addition, so that photography
would enhance preserved details of sedimentary structures.

10.2 A STUDY OF LARGE-SCALE BARS AND SMALL-SCALE
SEDIMENTARY STRUCTURES IN THE UPPER CREE ESTUARY

10,2.1 1Introduction

The incised tidal channel of the River Cree between its NTL
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(at NX 416 646) and Carsenestock (NX 445 619) exhibits high
flood water stage, bankfull sinuousity but, as the ebb water
falls, mid-channel bars, side-bars and point-bars appear, the
channel now becoming braided and irregularly anastomosing
(Fig. 10,6). Chutes are common across.the large point-bars,

Large- and small-scale sedimentary structures are found on
exposed bar surfaces along a 1.5km reach of the river between
locations NX 441 626 and NX 448 619 (Fig, 10,7). Small-
scale structures revealed in box-core samples from the upper
Carsenestock point-bar and adjacent chute-channel (Figs, 10,7
and 10,16) exhibit an intexplay between fluvial and tidal
ebb/flood flow, but prove that, overall, flood-tidal processes

dominate,

A stable, channel-floor side-bar at Blackstrand (Fig. 10,7)
is composed of unidirectional ebb-oriented dunes with planar,
cross-bed foresets in coarse sand. No flood-oriented
features were observed, the dunes being constructed wholly by
fluvial and ebb-influenced currents,

An opposing alternate side-bar at Carsenestock is also ebb-
oriented but with lunate dunes, It merges downstream at
location 2ii (Fig, 10.7) with the Carsenestock point-bar,

At the same location, there is an interference of ebb- and
flood-oriented, lunate dunes, Sedimentary structures of the
Carsenestock point-bar, however, are predominantly flood-
oriented,

10.2.2 Factors governing the formation and destruction
of large- and small-scale sedimentary features

The channel side-bars and the point-bar along the studied
reach of the River Cree are highly unstable, their formation
and destruction being dependent on changes in tidal dynamics
(which occur diurnally and nonthly) and on meteorological
conditions, for example wind strength, wind direction and
rainfall levels, which vary both daily and seasonally.
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These aforementioned variables affect the amount of water in
the river system and the processes operating and, therefore,

the structures formed at any given time.

The Carsenestock point-bar: for example, migrates during
fairweather conditions, when fluvial discharge (confined to
a single main channel) is reduced (i.e. in summer). The
point-bar is destroyed under prolonged foul weather or storm
conditions, which operate in late autumn, winter and very
occasionally in summer when the River Cree is in spate, At
these times flow is not confined to the main channel; water

also occupies the upper chute-channel.

Since the box-core study was undertaken during fairweather
conditions (i.e. in summer), it can be assumed that the
preserved sedimentary features were constructed by dominant
flood-tide processes under conditions of reduced river flow.
Where ebb-flow features are preserved they indicate weak
flood tides (therefore ebb-flow and/or fluvial dominance ),
an uncommon state during fairweather conditions.

If the above statement is true, then a predominance of ebb-
flow features should be obsexvable in winter, during high

river discharges. This state was not proved, only hinted
at during the very inclement weather in the summer of 1985

(see discussion,page 243).

10.2.,3 Bar morphology

The following discussion of the study of the bars is based
upon a period of casual observation and recording during a
prolonged period of fairweather conditions in the summer of
1983, Further observation was undertaken during foulweather
conditions in the summer of 1985,

Due to the restricted nature of observation and recording
over short periods of time, it is obvious that the study will
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