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ABSTRACT

The Moray Firth area is recognized as an area deficient in data.
relevant to sea-level change. This'thesis attempts to provide a
preliminary assessment of the restoration of sea-level following the

last glaciation, particularly the last 10,000 years.

The methodology used is essentiéﬁ]y empirical and analytic,
. based upon stratigraphic description, micropalaeontological investig-
ation and radiocarbon dating of sites in former tidal flat and

lagoonal environments.

Three sites at the head of the Beauly and Cromarty Firths, at
Barnyards (NH 5247), Moniack (NH 5443) and Arcan Mains (NH 4954)
provide stratigraphic and environmental evidence for the interpretation

of sea-level change during the Flandrian Age.

"A preliminary chronological scheme of positive and negative
tendgncies of sea-level movement and a time-altitude graph is constructed
using information from biostratigraphic and lithostratigraphic sea-
1ev¢1 indicators and nine new radiocarbon dates. An attempt is made

to assess the magnitude of error inherent at all stages of the analysis.

Correlation is made with other areas of Scotland and Fennoscandia.
A comparison is made between the differing methodologies employed in
this thesis and other areas of Scotland where sequences of measured

and named shorelines have been established.

An isostatic curve for the inner Moray’Firth is constructed using
eustatic calibration of index poiht altitude. The results are compared

‘to other published isostatic curves for §cot1and.
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CHAPTER 1

INTRODUCTION

I.G.C.P. Project No.61 - 'Sea-Level movements during the last
deglacial hemicycle' was initiated on 19 April 1974 and assigned 'Key

" Project’ status. The primary objective of the project was

"to establish a graph of mean sea-level during the last de-glacial
“hemicycle (about 15,000 yrs) and continuing to the present.

This objective (is to) be realized by estab11sh1ng sea-level -
curves based on empirical data from different regions of

the world" (Tooley, 1978c, 66)
Additional objectives included the evaluation of vertical cruSta]
movements including glacio-isostasy, hydro-isostasy.and epeirogenic
movements and the evaluation of the,re]éfionshfp of sea-level change to
climatic change and changes in the global hydrological cyc1é, all ofi
which are of great importance for planning considerations in low-lying

coastal areas (Tooley 1979).

. Mdrner (1976) drew attention to the fact that the present geoid
configuration is uneven wifh, for example, an amplitude of 180 m; between
a high point near New Guinea and a Tow point near the Maldives. Changes
in the geoid through tfme and space therefore militate against a cdncept

of global eustasy.

Recent policy has been directed towards the construction of sea-

level curves, the variates of which

“come from a small homogeneous area so that the effects of tidal
inequalities, earth movements and variations in the geoid
configuration would be m1n1m1zed (Tooley 1978b, 204)

In this way locally consistent data bases could be initiated and
1mproved with the objective of- eva]uat1on of the 1nter-reg1ona] differences
in the factors of sea-level. change. _
' - <ORAAN UNIVERG7
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However a lack of consistency and rigour in methodOIOgy still
exists and agreement on the exact meaning and re]ationship'of an ihdek ,;
point to the contemporary sea-]eveliis still elusive. This means, in.;
effect, that some differences between sea-level curves from different
areas are apparent ones rather than real ones. The need is for a

consistency in methodology and operational definitions to aid meaning-:

. ful correlation.

In the remainder bf the chapter the_objectives.of the study, the
methodology adopted and definitions. of commonly used térms-wi]] be

outlined.

1.1 O0Objectives

Certain -areas of Britain were 1aen£if1ed as deficient in sea-level
data including fhe Moray Firth area; No'prevjbus Qﬁrk has dealt explicit]y
with Flandrian sea-level'changes in- the afeaf':pgfiVie's‘(1923) monograph
still remains the basic déscriptive work on the‘Mofay Firth coastlands

and is still widely used by later workers (Sissons 1967, 1976, Steers 1973).

This research is therefore preliminary in nature and broad in

outlook. The objecthes are
- the description of new sites from former tidal flat and lagoonal
- environments. - '
- the use of stratigraphic, pollen, diatom dnd ]4C ana]yseé from
these sites to provide new data for sea-level change.

- ‘the interpretétion of these data in terms of sea-level movement.

- the establishment of an initial chronology of sea-level movement.

14

- the construction of a sea-level curve based on '.C dated index points.

~ comparison with other areas of Scotland and NW Europe to identify

events of ‘regional significance and differences in the registration



of these events between areas.

- an initial estimate of the form of isostatic recovery fpf the

area during the F]andrian Age.

1.2 Methodology

The methodology advanced in this study is well tried by research
workeré in the Fenland (Godwin 1940a, Shennan 1980), North-Western
England (Too1ey 1978a); tﬁe Bristol Channe] (Kidson and Heyworth 1973)
and the Netherlands (Jelgersma 1961). It is based on prec1se 1nstrum-
ental levelling and stratigraphic and m1cropa1aeonto1og1cal ana]yses of
former tidal flat and lagoonal environments to identify suitable samp]es

for ]4C dating and the productlon of a sea-level curve.

In Scotland the traditional practice has been first to establish
the sequence of raised and tilted shore]ines‘(gggég_Sissons.1966, |
Cullingford et al. 1980) - .in effect a form of 'marine limit' sequence - on
a regional scale. Once such a sequence has been established it provides
‘an indicator of the direction of sea-level movement'and the upper
altitudinal limits of rises in sea-level. It also provides strati-

graphic control for the interpretation of index points.

In areas such as the Moray Firth where the shoreline sequence has |
not yet been established rises and falls in sea-level need to be argued
from other indicators of sea-level movemenf. The methodology used is
essentially a site-based one aimed at the construction of inductive,
locally valid arguments for the nature and timing of sea-level change

- which can then be compared with similar schemes from other regions.

1.3 Definitions

Flandrian. " In recent years the term Flandrian has been used as a formal

stage name for the present interglacial stage in place of the equivocal



By

| .- term postglacial. Its use has been. recommended in Britain by the
-’Quaternany Era Sub-Comm1ttee (Mitchell et al. 1973) and its lower limit-

is defined as 10,000 B P. to co1nc1de with the Iower Timit of the Ho]ocene

series. The ear]y use of the term as a local formatjon name in the

Flemish coastal plein has fallen into disuse by present researchers in |

the area. Indeed the term Flandrian has not.been properly defined in

the type area (Paepe'gngj,'1976) and this has led Mangerud and Berglund

- (1978) to suggest the term should not he used unti? properly defined

in the type area.

" Hyvarinen (1978) suggests that much‘éonfusion'can be avoided by
realizing that the chronostratigraphic use pf the term Flandrian is
different from its origina] use-in the.type area; Its basic chrono- :
stratigraphic meaning is essentially p]tmatostratigraphic, based on
pollen evidence for climatic warming;after the last glacial period. As
such it is consistent with the original definition and subsequent use
of the terms Holsteinian and Eemian; In principle therefore the definition |
of the Flandrian Stage in_chnonostretigraphic terms is clear and‘well used
in practice. In this study Flandrian is used as a forma] term to denote
the present interglac1a1 with a Tower 1imit at 10, 000 B P. The term
Flandrian Age is used in a str1ct chronostrat1graph1c sense (following

:- Hedberg 1976) while F1andrian Stage refers to the deposits laid down
- ‘during that time. - ' o

Altitude - altitude is used spec1f1ca]1y to denote altitude in relat1on

" to Ordnance Datum (New]yn), the national reference level of the Un1ted
Kingdom, defined as the average MSL at New]yn between 1915 and-1921. ‘
Since 1921 OD (Newlyn) has moved relative to MSL and is today 0.086 m.

below MSL at Newlyn. A1l altitudes are 4ve unless shown’ otherwise. |

Depth - depth is used sole]y for depth below present ground surface

and is g1ven in cent1metres.



. Radiocarbon age - The radiocarbon ages are as given.in Radiocarbon.

- The error quoted is one s.tandard deviatioﬁ about the mean. All datgs

-are_uncorrected and are based on a hélf—1ife of 5570 yrs.

Sea-level - sea-level, a term that has been used’ with many different
meanings (Jardine 1975). Mean Sea-Level s a ca]cuiated valhe;_in théory- !
the surface level the worlds oceans would adopt if tidal forces ceased.
However, values for Mean Sea-Level are only évai]ab]g for the‘Past c.150
yrs. and hawe no significance in the sedimentary record. Mean Tide Level,
the average of high and.low water over time at a particular-]ocdtion can

be reconétructed.approximately from former indiﬁators of high or low .

‘tide and a knowledge of the tidal range; It isnfherefore Mean Tide Level
rather- than Mean Sga Level that is commonly used'to conStruct'sea-1eve1
curves. .In this study however Mean Sea Level and Mean Tide Level are

considered synonymous within the range of error bresent in the method.

| Eustasy ~- Eustasy is taken to include all water-based variab]eé.affecting
the level of the wor1d's‘oceans and includes g1acia1;eustasy, tectono-
eustasy, geoida] eustasy and local effects on the sea-]evel surface
contributed by metebrology (e.g. barometric pressure),hydrology and

oceanography.

Isostaéz - Isostasy is taken to represent the variables of crustal
movément inc]udjng glacio-isostasy, tectono-isostasy, hydro-isostasy |

and local factors such as consolidation of sediments.

Factors of scale operating in time and $pace affect the status, |
relationships and measurement of variables. In a study.of'flobd manage-
~ment and'predictfon,.for example, the Anglian Water Authority has shown
that the 1953 stormvsufgeAin'the North Sea was a 1.jn 10 yrs .event ahd :

the 1978 flood a 1 in 75 yr. event. These studies however were based

mainly'on_tidal and meteorological variables‘with changes in.sea-level. .



assuming the status of an 1nde§endent'variab]e (Tooley 1979); The status
would be quite d{fferent in a study of changing sea-levels over a

']03 - 106 yr time scale. For fnstanée 1n a study of sea-level change
during the Cretaceous, tidal and meteor&]ogica] variables are'incapabie

of resolution and variables such as geotectonic movements assume dependent

status.

" Transgression Regression and Overlap. Shennan (1980) and Tooley (1982) have
effecpive]y-summarized the different usage of the terms transgression and
'-.regression and the prob]emslthis cau;es in correiation between areas.

The main.prpb]em has arisen thfough the mixing of 1ithologic; process and

- chronological meanings.

For inétance, Jelgersma (1961) suggests the terms transgression and
regression should be used to describe a covering-and removal of marine’
deposits with no connotation of process. Jardine (1975).however includes

a process meaning since the terms

"are used to indicate a respectively landward and seaward
migration - either by horizontal or by vertical movement or by
combined horizontal and vertical movement - of the line of inter-
section of the surface of the land and the surface of the sea" (p.174)

) In 1969 Tooley used transgression and regressﬁon in a descfiptive sense
but by 1974 transgression was associated.with a rise of sea-level and
regression with a fall (Tooléy 1982). Shennan (1980) has shown fhat the
- Lytham transgression sequences were constructed using mixed criteria so
that a transgression included information from both tranégressive and
regressive overlaps. ~The problems occur in correlation between area§

when like processes or lithologies are not compared with like.

In this study it is proposed that transgression and regression are
used purely for Tithologic description in conjunction with the tefm g

_:overlap, a term with a long usage in hard rock geology. |



A transgressive overlap is defined as the replacement of tgrrestrfal
sedimentation by brackish fheﬁ marine facies. A regressive overlap is |
defined as the replacément of fully. marine facies by brackish or 1littoral
' then non-marine terresfria] facies.. No processes are associated with a -
transgressive overlap, nor afe the terms used in the development of a
chronostratigraphic scheme. Where reference is made to existing s;hemes

the terms transgression and regression are used in their original sense.

Shoreline. Jardine (1981) defines a shoreline at any given location and

- any given time as

"the 1ine of intersection of mean tide level at the given time
and the terrestrial surface at the given location" (p.297)

He.considers>that in practice. however, frequently the mapped shoreline

of any given time is a line Joining points Tocated at MHWST.’

The definition sﬁggests that in former tidal flat and iagoohal
zones any transitional contact between terreéiria] biogenic and marine
clastic sedimentation can be c]éssed as a shoreline. Information on the
changes in age and altitude of regressive and traqsgressive,6Ver1aps
“can therefore chart.thé change in the ;6sition of shoreline positions

- through time.

This means that the shore]ine_sequence'(gggég Sissons 1965),of'
the western Forth Valley is in effect a form of ‘marine 1jmit"sequehce.
For instance the Main Buried'Shorglfne-is defined'as the maximum a]tit;
udinal 1imit reached by the riéing sea-level that deposited the sedimehts

of the Main Buried Beach.

. There is a distinction to be made between landward limit and
~altitudinal limit however. Under certain circumstances of local peat growth
. and sea-level rise, biogenic and marine sedimentation can keep pace with

'.one another. In such céses the most landward expression of marine deposits
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may not necessarily represent the limit of the rise in sea-level

(e.g. Jardine 1975, Sissons and Smith 1965).

Morrison et al. 1981 define the Main Postglacial Shoreline in
eastern Scotland as the highest of sévera] Flandrian raised shorelines
formed by the culmination of the F]aﬁdrian marine transgression. In
a study on the dating of the Main Postglacial Shoreline near Montrose,
Smith et al. 1980 described a site at Fullerton. The site, a small gully
feature, showed the basal contact of the upper peat to rise in a seaward
direction so that the carse deposits at the mouth of tﬁe gully are 1 -2 m.
higher- than the most landward expression. If local compaction factors can
be discounted then sea-level was still rising while peat formation occurred.
The feature they measured therefore may well be a shoreline prio; to the
formation of the Main Postglacial Shoré]ine - a suggestion supported by

the subsequent 'old' radiocarbon date.

1.4 The study area

It was decided to restrict the area of study te- the -inner Moray
Firth. This effectively means the head reaches of the Beauly and

Cromarty Firths.

Three sites, Barnyards near Beauly (NH 524?), Moniack near Kirkhill
(NH 5443), and Arcan Mains in Strathconon (NH 4954) provided material for
radiocarbon dating. They were initially located from 0.S. 6" méps from
which areas considered suitable for further investigation were identified.
The sites are located in fig. 1.1 together with other place names

. mentioned in the text.

Three additional sites were investigated at Munlochy Bay (NH 6351),
Delny (NH 7372) and Rhynie - Mounteagle (NH 8478). Over 50 boreholes were
put down at these later three sites .to enable a more regional picture of

variation in the age and altitude of measured features to be assessed.



Fig. 1.1

¢ .

'Location of study area
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Only stratigraphic analysis -has been carried out at thesé sites,theik
" full significance is as yet uncertain énd'they'are'not included in this
study. Samples for'po]len!'diatom'andfradiocarbon ané]yses will be

taken and interpreted at a later date.

1.5 Form of the thesis

Chapters 2 and 3 are'primarily concerned with published Titerature.

In Chapter 2 the present know]edge of the geological setting of the'stUdy
area will be reviewed. The study area lies on the edge of the subsiding
Mesozoic Moray Firth Basin.yét it is within 50 km. of the main watershed
of Scotland - the site of ice accumulation during the Quatefnary glacial
pefiods.InChabter 3 published Titerature on Flandrian sea-level change

in Scotland is reviewed 'and together the two chapters provide a pers-
pective for the present sfudy. .A1so in Chapter 3, in a brief section on
'--terminblogy, it is proposed that a new lithostratigraphic scheme be
fntroduced in Scotland to avoid some of the confusion caused by the well
used, but il1-defined terms such as carse clays, sub-carse peat, post-

carse estuarine depos1ts and carse depos1ts

In Chapter 4 the techniques used in this study to provide data

for sea-level change are outlined,

In Chapter 5 stfatigraphi;,.environmenta1 and chronological
-data from three sites in the area aﬁdain.the following chapter these

data are interpreted in terms of sea-level movements.

In Chapter 7 the chronological and altitudinal factors of sea-level
change are described and a preliminary chrono]ogica] scheme and time-
a1t1tude graph of sea-level change based on nine ]4C dated index po1nts

are proposed.

-The proposed-scheme.is briefly.;ompared to other qreas,qf Scotland
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and NwﬁEurope in Chapter 8. This chépter also contains a preliminary
attempt to construct an isostatic recovery curve for the inner Moray
Firth. The final chapter contains concluding remarks and'suggests

further 1ines of research. -



13-

CHAPTER 2

' GEOLOGICAL PERSPECTIVE

2.1 Introduction

In sea-level research it is important to appreciate the direction
-and rate of long term earth movements both horizontally and vertically.

' The measurement of geological inheritance is however exceedingly difficult

- since the reSolution of suchfcqmparatively»smaIIArates of change is often

‘vencompassed within the accuracy'of contempprary measuring techniques{. In
addition, in areas such as Scotland and Fennoscandia the acéumu]ation
.and removal of a succession of ice sheets has led to g1acio-isostatic
.'depression and recovery which mask tﬁe confident identification of_long
‘term vertical movements. Between these two areas the northern North Sea
_ Basin has also undoubtedly had a complex history of vertiéa] moveménts
during the Qhaternary with periphera}.bnging'during ice loading and sub-

sidence during ice decay. The study area is Tocated on the edge of the

"Moray Firth Basin which 1s genetically linked to the slowly subsiding North:
Sea Basin yet it is within 45 km. of the'main'watershed, the high ground of

which nourished the last ice sheet and presumably 1ts;antecgdents.

Ah equally important feature 1n'thg gealogical setting of the area

N R

,,.
kade

has been activity along the Creat Glen and related fau]ts sugh‘as the Strath--- -

Glass and Strath Conon faults. The Great Glen Fault runs fromflnverness in

. a north-north-easterly direction controlling the course of the coasfiine_:J
between Ethie and Tarbat Ness downfaulting the later Jurassic sediments "
against the 01d Red Sandstone. It is a complex zone with é_long_history

| of activity and in this ijght the possibility of dislocation of shorelines
in the inner Moray Firth as reported from tﬁe.Forth Valley (Sissons 1972)
shou1d be noted especially since the Beau1y Firth may also be fau]t
controlled (Armstrong, 1977)
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The intensive search for oil an;‘gas reservoirs since 1959 and the
'beginning of offshore research by institutions such as the I.G.S. has
" resulted in a proliferation of basf; data that has prompted an imprdvemeht
“in the kndw]edge of North Sea.stratigraphy and the. wider geological
evolution of the North West.European continental margin. In this chapter '
the_évidence for long term vertical and horizontal earth movements, the
- extent of the last ice éheef and its implications for Quéternary uplift
and subsidence and Late Devensian ice retreat and sea-level change will be

reviewed.

2.2 Pre-Quaternary Geology

The whole of fhe North Sea area has been dominated by subsidence and
: deposition since atlleasf Devonian times_though the exact nature and extent
of the Devonian and succeeding Carboniferous basins is unclear at present,
especially in the northern North Sea. During.the Devonian the Caledonian
- massifs of Wales, London-Brabant, the Pennines, Southern Ub]ands and
Highlands provided stability to the west and south whilst to the east and
north-east the Ringkgbing-Fyn high and Fenﬁoscandian massifs stood essen-

tially in the same relationship they show today (Kent 1975 and fig. 2.1).

.The geological evo]ufion of the-North Sea area, though possessing
- several tectonic and depositional cycles, can be traced to this time and
is to be seen in view of the subsequent responses of these fragmented yet
stable elements to deformation caused by global plate movéments. Since
~Devonian times the North Sea area has been occupied by a number of intra;
'.: cratonic, subsiding sedimentary basins each of which is the response to

different tectonic settings (P.A. Ziegler 1975).

' The 01d Red Sandstone initially described by Murchison (1839, 1859-_
in Small and smith 1971) and by Miller (1841) is the dominant rbck type
"of the Moray Firth coastal belt (fig. 2;2); It was laid down in large -

R T



' Flg. 2.1  Major Permian to Mesozoic tectonic elements of

the North Sea (Ziegler and Louwerehs 1979)

1;,: Thick Jurassic series
."2.-. Sedimentary basins

3. Highs | |
4. Boundary of Zechstetn salts
5 Faults . .




SHETLA

. "
ND

N it el

brs ¥ As
ARy,

/

PLATFORM

WEST SCHLESWI
}




Fig., 2.2

2
3
.4, Major faults
5

-18-

Distribution of 01d Red Sandstone in the Moray Firth
area including 1imits of the Mesozoic sedimentary

basin (Chesher and Bacon 1975)

1..01d Red Sandstone
. Permian to Jurassic outcrops

. Basin centres

. Zones of Uplift
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" a thick granitic body at shallow depth (Collette 1960 in Sunderland 1972),

‘A programme of reéearch undertaken by the I.G.S. beginning with shallow

seismic profiling (Eden et al. 1970); drilling (Chesher et al. 1972) and
followed by a further.deep seismic sufvey (McQuillin and Bacon 1974). indic-
ated the bresence of two Mesozoic basins, one to the north-east, the ofher
to the south and separated by a prominent zone of‘up]ift (Chesher aqd

Bacon 1975 and fig.2.2). This complex basin probably has its origins in

the early Permian and is genetically linked to the Northern Permian

Basins of the North Sea. Its importance lies in the fact that such ai'

basin has controlled sedimentation'in the area ever since and.ifs'con-

~ tinuing subsidence contributes one factbr in the comb1ex history of

vertical movements in the area.

The simple two-basin sedimentation was interrupted by the
initiation during the early Permian of a complex graben system forming

part of the northern North Atlantic_Q Norwegian - Greenland Sea - Eurasion

- Arctic rift system which'gradua]]y widened during the Mesozoic leading

to the early Tertiary separation of the North American - Greenland and
European plates and thg onset of sea-floor spreading (Ziegler and
Louwerens 1979). The two-basin system in the North Sea-was'gradué11y
mpdified by the deve]opment'of a north-south graben system that breached _
the east-west Mid North Sea - Ringkgbing - Fyn high. The formation of the

Viking and Central grabehs. the Horn graben and the Horda fault system -

‘which has been 1ikened to a false start in the opening of the At]antjc'

Ocean - allowed thick accumulations of Mesozoic, Tertiary and even

Quaternary strata (Casfon 1977).

Through the Tertiary the entire North Sea area developed as a
single, synclinal, subsiding basin centred on the main rift system and
showing:an:absence of faulf'control. .This pattern came into being during

the Eocene since by this time the North American - Greenland and European
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plates had separated, sea-floor spreading had commenced'and as a result
the extensional stresses produced ceased to affect the North Sea graben
system. Thicknesses of Tertiary strata of the order of 3500 m. were

deposited in the Central graben near Ekofisk.

| Clarke (1973) in an examination of data from fourteen wells from
~ the central area (56°- 5§°N, 1% FE) of the North Sea has noted accel-
~ erated subsidence throughout the Tertiary from just over 0.01 m./1000 yrs.

during the Cretaceous to over 0.5 m./1000-yrs. during the Quaternary.

Overall the North Sea has been dominated by negative movements
since thé Ca]edonian ofogeny. In the central Norfh Sea if Devonian
sediments are taken into.aécount subsidence of some 10 km. must have
occurred at rates of 0.003 to 0.05 m./yr. in pre-Tertiary times (Collette
1971) while peripheral areas such as the Scottish and Fennoscandian
maSsifs appear to have undergone comp]imentary!uplift and erosion. Other
blocks such as the Southern Uplands, Mid North Sea High and Ringk¢bing -

| Fyn High have, however, remained static, nearer sé€a-level (Kent 1975).

The mechanism of subsidence is not entire]y known. Bott (1971,
1975) considers the cause of subsidence to have been an isostatic .response
Ato crustal thinning and suggest§ this may be related to continental margin
_development. Stresses set up in the crust at this time could lead to
flqw in the mantle resulting in regional and local subsidence with normal

faulting in the brittle crust. .

Collette (1968, 1971) proposes that non-mechanical processes
involving a load-controlled transformation of basalt to eclogite in the
lower part of the crust can explain the amount of crustal fhinning needed

to explain the observed amounts of subsidence. .

Ziegler and Louwerens (1979) accept that thinning of the crust may

have been accomplished by extensional stresses causing flow in the mant]e
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‘and also by subcrustal erosion. However, they propose that fhe main
A feathres of the Mesozoic rifting stage and later events'couid be explained
.by the emplacement and subsequent disabpearance of a rifﬁ cushion at the
crust-mantle interface, resulting in‘bulging and volcanism followed by -
collapse and subsidence which, in turn, caused the development of the |
“single, broad, saucer-shaped North Sea-basin that has characterized the

Cainozoic.

In addition to vertical earth movements associated with basin
development the Great Glen Fault and associated features have provided a

‘comp1ex history of horizontal as well as vertical displacement.

The Inverness area is certainly one of the more seismically active
in Britain. Between 1768 and 1906 more than 56 earthquakes have been
recorded on-the fault, primarily from three active seismic centres
(Ahmad 1967), the three largest tremors having fakenlpiace in 1816, 1901
and 1934 (Lilwall 1967). The fault is only oné of a suite of faults
trending SE - NE (the main Ca]edonian'trend) both nérth and south of

Glen More itself. There is some'suggestion that the Great Glen Fau]ﬁ had

its origins during the Caledonian diastrophism caused by the collision and

relative shearing of the Asian and North American plates, a process .
lasting from Cambrian to Devonian times, through the absence of suitable
© _ time-markers makes a definite statement on the early movement of the fault

impossible (D.I. Smith 1977).

The fault comprises a central zone of crushed and comminuted rock
| ‘some 2.5 to 4 km. wide with‘a zone of decreased breakage extending away
from the main hollow. Chesher and Bacon (1975) have traced its contin-
uation offshore some 70 km. to the north-east (fig. 2.2) while Flinn has
suggested that the Walls Boundary Fault is perhaps its continuation;in

Shetland, a possibility refuted by Mykura (1975).
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Before 1946 the accepted view was that it had acted exc1uéive1y -

'_as a normal fault. Horne and Hinxman (1914) proposed that in the-Invérness

area the land to the east had been downfaulted some 1800 m. In-1946;
Kennedy (in D.I. Smith 1977) made the revolutionary suggestion that the
main movement had been é transcurrent one. He proposed a sinistral move-.
ment of 104 km. during Devonian-Carboniferous fimes which was based on all
the information then available. A second detailed piece of work by Holgate
(1969) suggested that the available evidence pointed to two peribds.of '
transcurrent movement, the first being a sinistral shift of 133 km. during
the Lower and Middle Dévonian and the second one of 29 km. in a dextral -
sense during the Eocene. Garson and Plant (1972) however proposed two |
phases bf_transcurreﬁt faulting in the reverse sense to Kennedy and

Ho lgate, a dextral movement of 120 km. during the Lower Devonian and a
second dextral movement of 32 km. in the Upper Cretaceous. Offshore
seismic work by Bacon and Chesher (1974) points to activity in a normal
sense during the Mesozoic which seéms at variance Qith the Eoceﬁe trans-

current movements of Holgate.

There is today a wide variety of opinion concerning the nature and:
timing‘of_movements on the fault, evidence of Qiffering kinds being
put fofward to postuIate normal or transcdrrent displacements of various
sizes and directions. Undoubtedly the fault is a complex zone with a |
lTong history of activify. Moreover its Tertiary and Quaternary expressions
still remain largely unknown. 'Mdrnef (1979a) considers that the Fenﬁoscan-
dian uplift is by no means as uniform és previously claimed. Isobase
irregularities are found at many major bedrock seams and old faultlines
and he has established postglacial faulting at several places. In

Scotland the only détai]ed investigation of this type has shown the main

. buried shoreline of the Forth Valley to have been dislocated by neotectonic

" block movements in two places (Sissons 1972 ).
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. 2.3 The Quaternary Period 3

It is probab]y correct to suggest that in Scotland Quaternary erosion
processes merely modified in detai]ia landscape inherited from Tertiary and
earlier times (Linton 1959). The Quaternary g]qciationsmay be regarded as
an exceptional event in the geological time scale. In particular the
deposition of large quanfities of unconsolidated material, the products of
glacial erosion created a vast potential for subsequent reworking by the
E sea. Of greater importance has been the glacial-eustatic control of sea-
level. Most authors agree that the lowest position of Devensian sea-level
was reached at about 18000 B.P., coincfding with-the maximum extension of
Tand ice. At this timé sea-level is considered to have been some 120 to'
130 m. below present sea-level (Jelgersma1979). -In addition, as glacio-
isostatic recovery is the main contributor to the raising and tilting'
of Quaternary marine landforms and sediments relative to sea-]eVel:an

understanding of the glacial sequence is required.

2.3.1 Quaternary events prior to the Devensian in Scotland

Evidence from East Anglia has demonstrated a succession - perhaps

as many as fourteen - of colder and warmer staées since the beginning of
the Quaternary (Mitchell et al. 1973, West 1981). Shotton (1975) considers
that the cold cycles were not severe enough for the production of glaciers
until the beginning of the Anglian stage. This means, however, that

| Scotland as the supposed main'ice-acchUIation area in Britain during the
. Quaternary has probably been overrun by ice at several times since the:’ '
Anglian glaciation. Due to erosion during each successive advance, the
ice sheets have tended to produce a clean slate for deposition during
deglaciation with the result that very 1ftt1e is known about pre-last ice

sheet events.

A number of interglacial sites has been suggested for Scotland, two |
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"Fig. 2.3 Interglacial and interstadial sites in-Scotland

1. High level in_situ early glacial shell
beds (Sutherland 1981)
2.’ Interglacial/interstadial sites
3. Unglaciated areas (Synge 1977)
i 4.. Wee Bankie Moraine and eastern limit of ”

_ chttish Devensian ice (Thomson and Eden 1927).
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in Shetland at Fugla Néss-(Birks and Ransom 1969) and Sel Ayre (Bfrks and
Peglar 1979) with a third at Teindland in Moray (Edwards et al. 1976).

| The Fugla Ness peat has been dated three times, Sel Ayre once and
all four determinations show an unexbected finite age (fig. 2.3). In the
light of Sutherland's warning (1980) concerning the effects of contaminatisn
on samples with a radiocarbon activity close to background or containing
small amounts of carbon, such dates shoﬁ]d.be treated with caution. The
‘age of the proposed intérg]acia1 at Teindland has not been dated, it can

. only be presumed earlier than a higher horizon dated at 28, 140 - 228 B.P.

The assignation of these sites to the Ipswichian interglacial is
based only'on pollen and stratigraphic criteria, radiocarbon dafing does
not provide an answer. With the néarest Ipswichian sites in northern '
England at Hutton Henry (Beaumont et al. 1968) and Scandal Beck (Carter
| et al. 1978) a considerable distance to the south, it must be realized
that correlation of pollen assemblage zones over such distances must be
regarded as tentative especially since Shetland is known to have exhibitgd

a different vegetation history to Scotland in the Flandrian interglacial.

Evidence for Ipswichian sea-levels in the North Sea basin is
fragmentary. Jardine (1979) references a number of sites where Ipswichian
sea-levels have been studied on the east and south coasts of England.
Because of the uncertainfies involved in dating these fragments it is
| by no means certain that at each site the same event is recorded and
statements on possibfe post-formational warping must remain exceedingly

speculative.

‘In western Scotland there are a.number of foss11 rock platforms and
cliffs that have been attributed to an 1nterg1ac1a1 (=Ipswichian) age
One recent contribution (Sissons 1981c) suggests there are three sets of
platform presénf, an interglacial suits.‘a glacial suite ahd a Late-

.Devensian feature, each exhibiting different attributes of height and



~28-

gradienf. The interglacial set, unlikely to have survived in the altit-
udinal zone affected by 1ater erosion is suggested to be present in the
intertidal zone and a few metres above and below present sea-level.. The
fragments are often ice-moulded and ﬁtriated and probaB]y'do-not represent

- a single horizontal platform (c.f. Dawson 1980) réther they suggest the
existence of more than one horizontal or gently sloping shoreline. The
fact that they lie close to present sea-level has been taken to nggest that

glacio-isostatic recovery for Scotland is almost complete.

On the east coast of Scotland there are no undisputed interglacial
shorelines recorded. However Eden gg;gl. (1977) prbpose that the clear
expression'of the Main Lateg]acié] Shoreline at Burnmouth and its occur-
rence over an a]titudina1 range of sgveraf metres could mean it may bg
- an 61dgr shoreline that has been exhumed. This might not be unexpected
due to the c1qse altitudinal gséociation of the Main Lateg]aciai Shore]ine

and interglacial suite of rock platforms in Weﬁtern Scotland.

2.3.2 The Devensian ice maximum

The amount of Late Devensian and Flandrian isostatic uplift in areas
formerly dhder direct ice 1oéd and the characteristics of forebulge
migration and subsidence in peripheral areas is directly related to the
extent, thickness and timing of the last-ice shéet. However the present
'stéte of knowledge cohcerning these variables has probably never beén iﬁ'
.'such confusion despite the ever-growing body of data. The sitﬁation is

so complex that Sissons (1981a) correctly states that :

"after 140 years of research it is surprising how Tittle we really
“know about the extent of the last Scottish ice-sheet and
associated events." (p.16)

It is not known from continental evidence alone when the iast. :
Scottish ice sheet began to build up. However, the oxygen isbtope stage

5/4 boundary from the'Pacific core V28 - 238 (Shackleton and 0pdyke 1973)
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dated at c-75,000 B.P. shggests a major global build up of g]aéiers, a
feature also noted for the Atlantic (Ruddiman et al. 1981). This fact has .

led Sutherland (1981) to depart from accepted theory and propose that the
l#st Scottish ice shéét accumulated extremely rapidly some 75,000 years B.P.
- enabling rapid isostatic depression a]]owjng a marine transgreésion to
'deposit the high level shell beds subsequently covered by till that are

| known to be present at a number.of 10§a1ities close to the present coast

of Scofﬁaﬁd (fig. 2.3). The in situ nature of some of these deposits as

"~ .claimed by Sutherland for all must be called into question especially .

those from Clava (Peacock 1975a) and Gardenstown (Peacock 1971).

The accepted date for last ice sheet initiation is around 27,000 B.P.
though'this suggestioh is in fact basedvon only two radiocarbon assays
from the Scottish mainland. Teindland, dated at 28,100 * gou B.P. and
Bishopbriggs, dated at 27,333 1"2,40 B.P. supposedly illustrate that Scotland
-'was ice free prior to this time. Recént]y-the.va]idity of the inferences

based on these dates has been called into question (Sissons 1981a).

The Teindland date is from a buried soil horizon overlain by a
minerogenic deposit. Detailed analysis by Edwards EE_il- (1976) suggest
the overburden is till which would make the date a maximal one for the
arrival of glacial conditions. Romaﬁs et al. (1966 in Edwards et al.1976)
provide an alternative theory that it may be soliflucted material. The
‘additional fact that Edwards et al. 1976 propose that the organic horizon
is interstadial underlain by a yellow sand showing a possible and inter-

~glacial (Ipswichian?) pollen flora renders the site unique in Scotland.

As Sissons (1981a) comments both 1nterst§dia1 and interglacial sites are
rare in Scotland and to have both at one site separated by less than>one
metre is exceptional. Conseqdent]x the jnterpretdtion of the Teindland éite
must remain enigmatic and %irm inferences using it must be viewed

" with caution.
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The Bishopbriggs date is from a woolly rhinoceros bone embedded
in fluvioglacial deposits beneath till. However when compared to two
nearby dates from Kilmaurs, 30 km. south west of Glasgow, in essentially
a §im11af stratigraphic position, a]i three give widely differing results.
It may be concluded that the data previously held tb suggest Scotland

was ice free prior to 27000 B.P. is equivocal.

In addition to the lack of data concerning last ice sheét initiation
there is confusion over the nﬁmber and extent of ice sheets needed to
explain the existing evidence. The problem lies not in central areas but
in the peripheral areas of Aberdeenshire, Banffshire, Orkney, Shetland,

_ Caithness,-the Outer Hebrides and the North Sea.

Aberdeenshire and Banffshire have proved to be one of the more
enigmatic of such areas. Here there are till sheets, often superimposed,
that are related to ice masses from different §ources; T.F. Jamieson
(1906a) recognized three different tills at Ellon related to two glacial
episodes and a third local ice readvance down the Dee Valley.  Further
schemes involving mutliple glaciation were proposed by later fieldworkers
such as Bremner, Simpson, Charlesworth and Synge and a summary of their. -
most important contributions-is given by Gemmell (1975). Synge (1956)

- offered one new development invo]vihg obstruction of ice flowing to the
.north east by Scandinavian ice causing a bifurcation which left

'moraineless Buchan' ice-free (fig. 2.3).

Recent papers by Clapperton and Sugden (1972, 1975) and Sugden and
Clapperton (1975) have ténded.to reject Synge's 'moraineless Buchan'
theory believing instead that the coﬁtinuity of landform mapped could best
be explained by the downwasting 6f only one ice sheet retreating westwards.
Their work is primérily of a morpho]ogicai nature however and there still
remains a basic lack of'stratigraphic and time control. for the north-east

of Scotland. \
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Organic horizons which could eventually provide that time control . . |

for interglacial or interstadial events are known'from.various localities

. but their exact relationships remain unresolved. One radiocarbon assay .

has been carried out on lenses of peat in the basal layers of Late Dev- -

ensian red till at Burn of Benholm near Inverbervie. It gave an age of

" >42,000 B.P. (Donner.1979) which negated an earlier hypothesis that the

peat erratics were Late Devensian (Donner 1960). The only conclusion
that is possible from this site is that the peat and grey shelly ti]j
which occur as erratics within the red till predate the deposition of the
latter, it does not givé evidence for a pre-Late Devensian glaciation.
Peacock (1980b) has recently recalled the earlier literature of Bremner
and drawn attention to two other sites showing peat horizons beneath the
red Strathmore drift at Tipperty and Balmedie. Edwards and Connell
(1981) review the options available from these and similar sites andt

conclude that no firm deductions can be made concerning a pre-Late

" Devensian interg]acia1'or interstadial event and by implication pre- -

Devensian glaciation in the area at present.

A second peripheral area, Caithness and Orkney exhibit widespread
deposits_of she]]y ti11 with striae and erratics indicating a general |
north-westwards flow of ice classically att}ibuted to the deflection of
Moray Firth ice by ice from Scandinavia. There is conjecture that-thesg'
tills represent a pre-Devensian glaciation the evidence for this con-

sisting of infinite 14

C dates and intense periglacial modification of
drift. However, the inference that the age determinations prove.thesé
tills to be pre-Devensian is not valid. When allochthonous material is
dated it merely gives a maximal age, the incorporation could havg occurred
at any time afterwards and when thg date ig infinite not even that

supposition can be held.

A third peripheral area, the Outer Hebrides, is at present.the
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.object of controversy concerning g]acial'events. Flinn (1980) and Peacock
(1980a) give evidence for easterly ice flow in Lewis, Harriﬁ, the Uists -
and Benbecula and suggest the Hebride$ nourished a local ice cap with An
ice sheet to the west of the p?esent watershed, it also implies modific-
ation of views concerning the extent of the mainland Scottish ice sheet
westwards. Sissons (1980, 1981a) infers from climatic and topographic
data that the Outer Hebrides could not initiafe ah independent ice mass. -
He envisages a maXimum extent of-the Scottish ice over the Quter Hebrides
-with subsequent séparation due to calving in the Minch. Peacock (1980a):
: questions-tbe validity of using data from mainland erratics to prove
Scottish ice sheet invasion and suggests that other evidence for mainland
ice may relate to an ear1ier, pre-Late Devensian glaciation. There is
however the suggestion that mainland ice may have reached the north of
Lewis since at Tolsta Head (fig. 2.3) a limnic deposit containing an
interstadial pollen floraand dated at 27,333 t 240 B.p. (Von Weymarn
and Edwards 1973) is covered by till with a north westerly component of

flow.

The North Sea is classically the area of conflict betwgen Scottish
and Scandinavian ice and as such should give information regarding the
eastward extent of Scottish ice. In this area too, howéver, there is
'controversy.' From seismic recofds and borehole data a provisional
succession has been outlined for the Quaternéry in the central North
Sea. Holmes (1977) suggests that at the Devensian maximum.the central
North Sea area between 56° and 58°N was ice covered to the median line.
The maximum is thought to correlate with the Lower Channel Deposits,
tunnel valleys formed in proximity to an ice margin. Janssen et al. |
(1979) produce a map depicting the Scottisﬁ and Fennoscandian ice sheets

confluent at the latitude of Orkney but he suggests they did not meet ih

the central North Sea. Sissons (1981a) in an intentionally speculative
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paper concludes that the two 1¢e sheets were never confluent and that. a

. delta was situated in the eastern central North Sea fed from the Scand-
inavian ice sheet, the gradual subsidence of which is seen to explain the
cut and fill episodes of the deep Lower Channels. The arguments are
.complex and rely heavily on the interpretation of sporadic data. 'The
only iﬁcontrovertab]e evidence in the North Sea for a glacial limit,

however, is the Wee Bankiemoraine systeﬁ (Thomson and Eden 1977).

Taken together the evidence from peripheral areas relating to the
extent of the last ice sheet is inconclusive, it cannot be proved that |
Orkney, Caithness, the Outer Hebrides, North-East Scotland and the mjd-
North'Sea were reached at the last ice maximum. This has tremendous]y
i. important repercussions on the amouﬁt and nature of isostatic recovery
and its effect on raised shorelines. With a 'small' Scottish ice sheet
coming into favour it also influences the exteﬁt and timing of the English
glaciations. Long held views that the last Scéttish ice sheet built up
some 27,000 years ago, advanéed into the Midlands of England, overran the
Hebrides, became confluent with the Fennoscandian ice and then retreated
from 18000 B.P. are being.called into question. It could be that the . .
" 'normal' conditions for the Devensian included a smaller Scottish ice
sheet in é state of equilibrium, grounded in the Inner Hebrides to the
west and close to the present Scottish coast on the east.éhch limits also

mean ‘that complex and»elaborate_modeIs of glaciation (e.g. Boulton et al..

' 1977) are shown to be based on doubtful premises.

If the extent of the last Scottish ice-sheet is not known wifh
certainty then ice tﬁicknesses cannot be calculated and this has serious
repercussions for glacial isostasy. Sissons (1981c) suggested that since
the proposed interglacial suite of rock platforms are at and around the
aititude of present mean sea-level on the west coast most, if not all,

1oading.effects due to glacier ice have been compensated for. If.true,
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this could mean the figure 6f ¢ 3.5 mm./yr. present uplift for the-central
Highlands (Valentin 1953) represents a pure tectonic movement. Gordon
(1957) in a less pubjicized paper refutes much of Valentin's conclusions
as unsupported by the evidence and that the contour map of present uplift
(Valentin 1953, fig. 2) is almost entirely conjectural. Gordon concludes

~that

"in Scotland such evidence as. there is for supposing that the
highlands are rising is purely geological - and geological
theory at that" (p.32) '

An interesting postscript is given by M8rner (1979a) who has.ident-
ified a long term trend of subsidence in Fennoscandia upon which isostatic
recovery has been superimpoéed. He considers that.the exponential isostatic
factor ceased at ¢ 4500 B.P, but from c 8,000 B.P. there has also been a
Tinear uplift factor, of as yet unexplained origin, of ¢ 10 mm./yr. Here
it should be noted that total absolute uplift in Fennoscandia dhe to ice-.
-'loading is 830 m. in Angermanland, three times that of Scotland 50 there
is much more chance of isolating such factors. Such a difference fn
total absolute uplift implies a great difference in size of the ice sheet
- and if Mbrner (1979a) is correct in suggesting isostatic recovery is
complete for Fennoscandia, it could be also for Scotland. The near- |
horizontal gradients of the Main Postglécia] Shoreline of the Forth
Valley (Sissons 1976)-suggest-it cohlg be the case. The field is ;ertainly

~wide open for further study.

2.3.3 Quaternary subsidence in the North Sea area

In the northern North Sea the thickness of deposits formed during
the last 75,000 years is equal to that of those formed during the whole
L df the Quaternary. Subsidence rates citéd by Clarke (1973) and Eden
et al. (1977) show a marked increase towards the present from 0.01 m./1000 yrs. -~
during the Cretaceous to ovef 0.5 m./1000 yrs. durind ;he Quaternary and

even higher rates of 2.04 m./100 years during the Middle and'Late'DeQensian.
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Fig. 2.4. Central North Sea with location of
' " borefoles and radiocarbon dates used -
to _ca1cu'late sedimentation rates. -

(Holmes 1977)
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Taken together there does seem to be a_trend of increase in the -
average sedimentation rate from the Tertiary and that in many areas
Devensian sediments .occupy a disproportionate thickhess with re;pecf to
the Quaternary sediments as 5 who]e; Undoubted]y one factor is that of

peripheral response to glaciation.

If much of the central North Sea rose ﬁn response to giaciation of
. adjacent land areas then erosive episodes could have removed much of the
earlier Quaternary deposits. During deglaciation the North Sea in subf
siding would provide excellent conditions for the preservation of sediﬁgnts

at a rate superimposed on the'underlying tectonic subsidence.

One example however may serve to i]]usfrate the inaccuracy in data
used to ca]cuiate subsidence  rates. Eden et al. (1977) provide a table
of subsidence rates calculated from a small numbér of radiocarbon dates
and estimates based on geological position. The location of the radio-
carbon dates and boreholes is given in fig. 2.4. They propose that between
32,700 B.P. and 21,760.B.P. rates of subsidence in the Western Platform
" and Josephine Field areas was 2.04 m./100 yrs. -.an anomalously high figure.
This is based on two dates, one From each area, and correlation is derived
' froﬁ uhsupported seismic evidence. The 32,682 _ + ggg é P. date is from

partially lignitized wood from 320 - 328 m; beneath sea-level and is
clearly allochthonous suggesting that the sediments containing the wood
4fragments could be younger, or the sample could have been cbntaminated by
younger material (c.f. the finite “intgrg]acia]? dates'frdm Shetland).

Of two dates in the same borehole above fhe allochthonous wood at 183 - 201

"and 259 - 267 m. below sea-level,  the first is infinite at »23,170 and the

"second on marine‘shélls,, 6,970 ¥ 100, is ignored without further explanation.

The 21,768 ¥ 630 B.P. date uséd'by-Eden et al. (1977)is the same
~as the 21,707 ¥ 680 B P. date reported by Ho]mes (1977) though no correction |

factor is mentioned. The sample is from f1ne lignite particles sieved
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. from 1.5 m. of fine sand attributable to the Marr Bank Beds‘and as such

is open to contamination. The lowermost date from this bofehole, 74/7,
- shows an age inversiph and is ignored‘in subsequent treatment. Therefore,
the apparent average subsidence rate of 2.04 m./100 yrs. is based on -
unsound premises. The argument is not against a substantial increase in
‘subsidence during the Middle and Late-Devensian but to iliustfate that |
apparently accurate figures of subsidence quoted to two decimal places

could be an order of magnitude in error,

Eden et al. (i977) consider the best exb]anation for peripheral
bulging-and subsidence in the North Sea is for mass trgnsfer.from‘the
. ice accumulation areas of Fennoscandia and Scotland, in a Tow viscosity
channel in the upper mantle. They consider stable massifs to the east
of Fennoscandia énd west of Scotland could produce a preferentiélnmove-
‘ment in towards the North Sea where the graben system is probably undér—
_'.1ain by a more mobile mantle showing a relatively high heat flow ahd._
also that a position on. the meeting edge of such channel flbw-woulq be
conducive to enhanced bulging and subsidence. This has intéresting
repercussions for, if true, the raised shorelihes on the east coast of
Scotland should exhibit steeper gradients than those on the west, though

~ of course unequa}'ice loading could produce the same effect.

Mbrner-(1979a).has delineated an uplift cone surrounded byva
subsidence trough fof the Fennoscandian Shield area; 'Ca]cu]atiéns of
mass suggest they are rqugﬁly equal at ¢ 7.0 x 10° km? and this is taken
as proof of rapid deformation and lateral transformatibn of mass almost
entirely wfthin the aesthenosphere. On deglaciation he considers -the
disappearance of mass from the forebulgwas exponential and took
¢ 8,000 years (c 16,000 - 8,000 B.P.) and. the appearance 6f mass in the
uplift cone was Sigmofda] in shape and took 9,000 years (13,000 - 4.000,B.P.).'

However, these conclusions are subject to many caveats. Some of
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" them include:-

all radiocarbon dates are converted to sidereal years .-

- the Scottish ice sheet is not taken into account
= an homogeneous upper mantle is assumed under and-around the
Fénnoscandian shield A

- A constancy of shape of the forebulge trough is also assumed.

The effgct of a rapid disappearance of a forebulge in the North

Sea would be to increase the subsidence rates dramatically, initially

~ they could be very great indeedf M@rnen (1979a) has suggestgd that all -
isostatic recovery had taken place by ¢ 4,000 B.P. In this case the
decrease in.subsidencgvrates of thé North Sea proposed by Eden et al.

- (1977) during the Flandrian should be noted. Perhaps as on the Scottish
mainland contfnuing tecfonic movement in a vertical sense is related to
old geological trends. The whole question of modern crustal moVement
and its component pakts still await accurate meésuremeht. In addftidn"
a further-unknown factor on isostatic recovery is the effect of the

accumulation and disappearance of the Loch Lomod Readvance ice sheet. -

2.3.4 Late Devensian.ice limits and sea-levels

The Séottish ice sheet retreated towards its source areas prior td
13,000 B.P., the result of climatic amelioration (Gray and Lowe 1977)5
'Contehporaneous with the decay of the ice sheet there occurred jsostatié
| recovery and a complementary eustatic rise in world sea-level. Apart
“from a few shorelines cut;in'rock on the'west coast of Scotland assigned
to an interglacial age (Déwson 1980, Sissons 1981c) the.remaining shorelines
on both east and wesf coasts owe their altitude and gradient to the single

~'_fthqugh complex process of isostatic recovery.

Some shorelines can be traced to ‘contemporary ice limits (Sissons

et al. 1966). Hdwever. there is a danger that ice front positiohs'may_be'
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located wrongly using the evidence of the furthest inland expression of
any particular Late Devensian shoreline. For example, Cullingford (1977)
has located an ice front inStrathearn at Dunning, the furthest west

that the Main Perth Shoreline has been traced.

Armstfong et al. (1975), Browne (1980) and Browne et al. (1981)
“have cogently argued that the occurrence of hfgh level arctic marine clay
“to the west of any reéognizable-shore]ine and at higher altitudes must
~mean the contemporaneous ice front lay similarly further west. -In the
case of the example given, the presence of marine clay at Crieff to
the west of the last trace of the Main Perth Shoreline and at hfgher
~altitudes must mean the ice front lay not at Dunning but some 18 km. .to

the west (Browne . et al. 1981).

Similarly marine Ifmits that drop sharply over the proposed boundary
of an ice limit have often been used to conclude that ice occupied or
 readvanced to that limit and remained there for some considerable time
: allowing isostatic uplift to cause a fall in relative sea-level which is
recorded inside the 1imit once the ice retreats. For example Sissons
(1976 ) nofed an abrupt fall in the marine limit from 38 m. to 20 m. at 4
the Stir]ing gap. In the Moray Firth area Synge'(1977a) also récognized
a 'dramatic’ drop in the marine limit from 42 m, at.Lochardil to.26‘m. |
at Baib]air (fig. 2.5) suggesting ice occupied the Beauiy Firth for
~ some time. ) |
West of the Stirling gap new deposits of marine clay have been found

at 34 m. proving an actual'drpp in-the marine 1imit, not of 18 m..but of no

more than 5 m. As Browne et al. (1981) correctly state :

"the terminus of a marine feature may not represent the contem-
“poraneous ice front and that the highest shoreline in the area
may not represent the marine 11m1t“ (p.13)

~ Great caution must therefore be exercised when accepting the current
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" scheme of ice limits and sea-levels for the Moray Firth area. High level
~marine clays with an arctic-subarctic fauna are known at Ardersier (Wallace

- 1882), Fort George (Wallace 1883), Muirton Mains in the Conon Valley

"~ (Horne and Hinxman 1914) and possibly some of the brick-clay sites reported

by Eyles and Anderson (1946) may be included here, moreover there probably

remain more.

Westwards from Elgin to-Ardersier the interconnected and uninterrupted

nature of meltwater channels and esker ridges suggest a coﬁtinuous phase -

-~ of down and backwasting ice. At Ardersier however there is a large and

complex cuspate landform inte}preted by Horne et al. (1923) as a high
raised beach. The discovery of arctic shells by Jamieson (1865) and
Wallace (1882) in a\clay stratum associated with the feature together with
its morphology and composition (predominantly sand and silt) has led
~J.S. Smith (1977) to consider it as a readvance moraine, the shells
presumably dredged from the floor of the Inverness Firth. Subsequent seé-
levels have trimmed the feature to its present complex cuspate form

(Ogilvie 1914).

" The next stage 1ﬁ deglaciation is thought to be represented at
Alturlie, some 7 km. east of Inverness. Synge (1977a) notes a complex .
of asymmetric ridges linked by shingle bars. However, inspection of the
Alturlie feature reveals it as.a large mass bf fluvioglacial sand and |
gravel, the surface expression of which shows kame and dead ice hollow
forms, it is certainly not a true moraine and as such may-not represent
- marked ice front position, rather it couid be'a remnant of outwash

" from an ice front further west.

The earliest juxtaposition of ice front and sea-level is reported
| from Inverness where the Lochardil delta gkades to a level of 42 m. 0.D.
(Synge 1977a). It is proposed that since no marine features are found

westward at levels of over 34 m. i.e. a drop in the marine limit, the
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ice front stood at Inverness for some time. A steep slope just to the
s outh is interpreted as an ice contact feature lending support for

. this hypothesis.

The Lochardil delta provides one point for Synge's highest

- 'shoreline' (the a; or Kildrummie shoreline). The oﬁ]y other point is .
to the east where the-eastern end of tﬁe'Flemihgton esker is considered

to have been washed by the sea at 38 m. Further to the east Peacock

; et al. (1968) have identified fragments of Late_bevensian shore]inéé, the
highest at 27.5 m., on Clark]y Hi1l, but correlation with any of Synge's

features is impossible.

There is apparentiy no evidence for this high sea level between"
Kildrummie and Lochardil, however at Ardersier there is a lower bench
cut at 32 m. (the a, br Culcabock shoreline) triming the g]écial sands
and silts and forming beach ridges as noted by.J.S. Smith (1968) at
" .Hillhead Farm. This level is also represented at A]tur]ie and Culcabock
in Inverness where a lower delta formed while the ice front remained
near chhardi]. At this time a slight recession of the ice front is-
presumed allowing marine acfiyity to enter the Ness ﬁarrows fo C1achnqhu1ig_ '
. where a kettlehole is aﬁparent]y infilled by what is termed beaqh material

(Synge 1977a).

At Englishton an impressive f]at-topped'delta at ¢ 34 m, 0.D.
is fed by a lafge meltwater channel (fig. 2.5). Classic foreset bedding :
with included ti11 balls (R. Cornish, pers. comm.) capped by tobset
bedding does suggest the proximity of ice. West-of the delta there is
reported to be another drop in the marine limit to 26 m. at Balblair.
.'(Synge 1977a).' A supporting line of evidence given is the large gravél
fan at Bunchrew 0.5 km. to the east whiph'is graded towafds_present
sea-level i.e. much lower than the Englishton delta. The sizefof this

delta is taken to suggest it was deposited by glacial meltwater while the



- Fig. 2.5 Late Devensian ice retreat stages-qnd marine-
" limits of the inner Moray Firth (Synge
1977a and J.S. Smith 1977)
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- ice stood nearby. The fact that it is éraded to a much lower level _
.'supposedly illustrates a dramatic fall in sea-level accompanied the halt -

~ at this stage.

However,a diagram given by Synge and Smith (1980, site 9) for the
"Englishton delta shows its surface slopes from 37.8 m. to 28.4 m; not far
i, removed from the 26 m. marine.1imitAat Balblair illustrating the main
problem with deltas that subsequent erosion can remove much of the distal
end reducing the accuracy of the indicative meaning. " In addition the
knowledge that high level shell beds have Been reported but not redis-'_
covered at ¢ 30 m. above Conﬁnbank Farm and adopting the caution advised
by Browne gngl, (1981) it would be unwise at this time to suggest é long

halt at the Englishton limit.

There may well have been a dramatic fall in sea-level as evidenced
by the Bunchrew delta but there are some doubts : firstly, the duration
of the halt at Eng]jshton has been qdestioned ;nd secondly, the vast |
Flandrian expression of the Moniack delta further to the west (see
Chapters 5 and 6) casts doubt-on the Tine of argument that suggests simply
because of large size énd constituent composition a glacial origih.fshthe '
~ only one possible for the Bunchrew delta. Similar inferential arguments
have been used in other areas of Scotland and without firm'dating are

dangerous foundations on which to build interpretation.

Synge's 'b' series of shorelines is the most prominent and wide-
spread rising from 24 m. at Ardersier to 26 m. at Balblair where a delta
"~ -with backing ice contact slope proves the juxtaposition of ice and sea-

level at this locality.

There is also evidence of marine penetration accompanying ice retreat
.into the Conon Valley. Horne and Hinxman (1914) record finely laminated

blue and grey estuarine clay near Muirton Mains yielding an arctic fauna.-
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Below the Falls of Rogie there is a large dissected outwash fan composed
of coarse gravel -in its upber parts but fining towards Contin (3.S.Smith
- 1968).. Kirk,Rice and Synge (1966) consider the etidence consistent with
a marine inlet in the Conon Valley with the prograding Cdntin fan at its
head fed by an ice front in the vicinity of Loch Garve, the rock bar at

Rogie protecting the fan from later destruction'as the ice retreated.

The Muir of Ord f]uv1og]ac1a1 complex has trad1t1ona11y been
explained as a stage in ice retreat from Beau]y to Conon Bridge and Contin
-(J.S. Smith 1977) A more log1ca1 exp]anat1on could be that the sea
penetrated from the north down the Cromarty Firth and from the south via.
the Beauly Firth cutting off a 1obe of ice in the isthmus of Ord (Ogilvie
1923) and a]]owing it to stagnate, thereby ekp]aining the vast emount ef -

dead ice t0pography, eskers, kames and kettles in the v1c1n1ty

A date from basal organic silts at Loch Droma of 12810 £ 155 B.P.
(Kirk and Godwin 1963) has long been relied upon to suggest deglaciation:
of most of the Northern Highlands by this time. The date is from
a]]ochthonous plant debris probably derived from material from recently -
deglaciated terrain and is.therefore open to meny possib]e sources of |

error (Sutherland 1980).

A subsequent readvance -termed the Gharbhrain stage (J.S. Smith’

: ;19775 was characterized by a readvance to the ]imit of the Gharbhrain

moraine (fig. 7.4). One controversy here concerns glacial activity at,

this time in adjoining glens. Kirk'éet al. (1966) suggest the glacial
-sequence in Strath Vaich to the east is equ1va1ent however Sissons (1977)

in his treatment of the Loch Lomond Readvance .in-the Northern High]ands

i'_ ignores the Strath-Vaich evidence presumably not regarding it as'equivalent to
the Gharbhrain etage. It must be remembered that Late Devensian pd]]en sites
and.raﬂiecarbon dates only provide negative evidence for gléciai episodes

and to place so much reliance on one date from derived material gives.a
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false précision to the interpretation. Much more work needs to be undertaken

. on the glacial chronology of the area with gfeater emphasis'on time control.

The 'b*' shoreline series that Synge (1977a) traces in the Beauly and
Inverness Firths is also apparent]y found around the shores of Loch Ness.
The question of marine penefration into.Loch Ness is an interesting one |
'especially in the light of new theories puc forward by Sissons (1981b).
Synge (1977a) traces a 'prominent marine shoreline' 10 to 15 m. above the
'presént surface of the loch. At Dores it consists of a fine arcuate beach
ridge at29 m. 0.D. (fig. 2.5). Field observatfon shows two other beach |
".ridges at 19-20 m. and 18.5 m. both of which, though identical in appearance.
are termed Iécusfrine._ Further notches are described at Inverfafigaig_g '
(28 m.), Foyers (28.9 m.), Rubha Ban and at Dunain in the Ness narrows '
where the 'b’ sﬁore]ine;is seen to truncate a ferrace graded to a low
re]afive sea-level iﬁdicating perhaps the ‘b’ shoreline is a transgressive

feature (Synge and Smith 1980).

One site critical to interpretation-is at Borlum near Fort Augustus
where a break in slope at 22.5 m. 0.D. is not termed marine by Synge since =

it is within the proposed Loch Lomand Readvance 1imit - a younger event.

The age of the proposed marine incursion into Loch Ness is inferred
from indirect evidence. Peacock 1974 and Peacock_g}_gl. (1980) in-theiri
study of Late Devensian and Flandrian stracigraphy and marine.faunas from.
two boreholes iﬁ the Cromarty Firth found no sfrata simi]cr to the'ErroT
clays of the Tay estuary with their characteristic arctic fauna (Peccock |
1975) though admitted]y the base of the marine succession was not reached.
The Towermost strata (Loﬁer Findon Beds) contained high boreal to Tow
arctic marine faunas similar to the Late Devensian Clyde Beds of western
Scotland dated.between 13,000 and 10,000 B;P..(Peacocklgg_gl. 1978)c Thi§.
suggests the earlier arctic marine conditions characterized by Erﬁoliclay

elsewhere in eastern Scotland and further out in the Moray Firth
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(Chesher 1977) were excluded from the Cromarty Firth By the .presence of
ice. Synge (1977a) thereforé proposes that as the marine 1limit in the
inner Firths is formgd by the 'b' shore]ine.series it seems reasonab]e
~to assume an age of ¢ 12,600 B.P. based on Clyde Bed dates elsewhere'in
| . Scotland. Hence the harine incursion into Loch Ness is inferred at that

date also.

The fact of marine penetratﬁon into Loch Ness has been ca11ed into

o question by Sissons who finds the evidence difficult to reconcile With-'

his work in the vicinity of Glens Roy and Spean (Sissons 1979&,'b,'c;
1981b) which suggested thaf the 260 m. ice dammed lake held up in thesé
va]]eys.finally drained catastrophically through the Spean gorge, along
the Great Glen, thrquéh Loch Ness and out to sea at Inverness. Such wés
the proposed volume of water, 5 km®, that it is suggested the level of the °
Toch was raised ¢ 8.5 m. in'about 6 hours and the largé plug of g]aéia]
drift in the Ness nafrows was removed and deposited in the sea at :
Inverness, the contempbrary sea-level being 1.0 i"0.5 m. 0.D.

(Sissons 1981b).

One crucial point of evidence relates to the. large spread of .
'6haotica11y kettied outwash to fﬁe south west of Fort Augustué which ends
at Borlum 6ver1ooking the loch at 31 m. 0.D, some 15 m. above the présent
level of the loch. Sissons consider§ this feature as having been laid

down by the jbkulh]aub and a notch ét 22.5 m. is considered lacustrine e.

the same notch termed non-marine by Synge (1977a, above).

There is little doubt that the Loch Lomond Readvance limit is
present at Fort Augustus since cores.within and without the limit at
Lochs Oich and Tarff (fig; 2.5) show respectively the presence and absence

of a full Late Devensian sequence (Pennington et al. 1972).

Sy;ge needs_the limit to extend north east ihto the 1 och beyond

Fort Augustqs to erode the evidence of previous marine shorelines, hence
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the erosion;]Anotch at 22.5 m. is not considered marine. Sissons however
proposes tﬁat'the notch is a high lake shoreline post-dating the jpku]h]aup
deposit. He reasons thét it must be-]acustrine since evidence from
elsewhere in the Inverness area suggésts_that no sea-levels have reached

the threshold to Loch Ness since Loch Lomond times.

The situation is complex and the correct interpretation is impossible
to evaluate on morphological grounds alone. There appear several
possibilities -

(a) Synge's hypothesis is correct, there was a marine incursion into
Loch Ness at ¢ 12,600 B.P. cutting the 'b' series of shorelines and pre-

dating the Loch Lomond Readvance.

(b) Sissons' hypothesis‘is correct; the marine incursion is not proven
but all the features described by Synge as marine are in fact high lake

shorelines postdating the jokulhlaup deposit.

(c) Both are correct. - It seems certain that a marine incursion could
only have occurred prior to Loch Lomond times during ice sheet decay. In
addition the loch may have occupied a similar level subsequent to thé
jokulhlaup. While this is not a very sﬁfisfactony explanation it must be}
stated that it is not known if more than one shoreline is present at the
approximate level of Synge's 'b' series stated heights for this feature
- range from 25 - 31 m. 0.D. around Loch Ness, a wide range in altitude.

Certainly the area needs to be mapped objéctively and levelled in detail.

_ The answer, however, may lie in the sedimentary sequence.. Pennington

et al. (1972) have taken several Mackéreth cores from Loch Ness, -four from
Inchnacardoch Bay to the south Qest and two from Dores Bay to the ndfth

west (fig. 2.5). They found no deposits bf organic lake mud or microfossils,
the cores consisting of grey microlamiﬁated glacial .clay. They a;tributé
this lack of organic matter to strong water movements down to at 1éast'

.50 m. depth transferring such sediment to deeper water. The widespread -
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occurrence of laminated clays however suggests they were deposited under
very different climatic conditions to the present, perhaps with a winter .

ice cover restricting thermal gradients.

One core from Dores Bay taken in 21 m. of water was analysed for

total halide content. Pennington et al. (1972) concluded that :

"at no horizon is there a significantly higher halogen content
than that found in the varved clays of the Lake District lakes
so it seems unlikely that sea water was present in the loch
during the formation of these clays" (p. 267)

However, there is one sample from 133 - 133.5 cm. taken from a
stratum of grey clay with brown sand which has a halide content double

that of the rest, a fact Synge and Smith (1980) think significant.

The other Dores Bay core was kindly given by F.M. Synge in order'
that a diatom analysis cou]d be carried out. The stratigraphy consisted

of (adapted from F.M. Synge, pers comm. )

0
40.5

40.5 cm. " Bedded silt
92.0 cm. Sand in silt in distorted beds -

92.0 - 157.0 cm. Laminated silt and fine sand
157.0 --201.0 cm. Over 215 laminations (varveé?)
201.0 - 291.0 cm. Laminated silt and fine sand

291.0 .- 293.0 cm. Plant remains (including Canyophy]laceae seed)
' in silt and fine sand

293.0 - 316.0 cm. Red sand
316.0 - 329.0 cm. Laminated fine sand and silt

329.0 - 332.0 cm. Laminated fine sand and silt with sand
lenses at top

332.0 - 356.0 cm. Laminated silts

356.0 - 387.0 cm. Slumps (large granite'pebble 0.025 m. across)
387.0 - 393.0 cm. Sand (base of laminated silts)

393.0

490.0 cm. Fine silt
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29 levels were sampled and slides prepared in the standard manner
(Appendix II). A systematic scan across the slides revealed no diatoms
or fragments of diatoms present in 27 of them. However, two levgls at
c 350 cm. revealed diatoms 6? fresh and fresh-brackish affinity (Tabellaria,

Gomphonema and Eunotia spp. with Diploneis ovalis). More work needs to be

undertaken on the core'before definite statements can be made. No time
control is available though the stratigraphy seems to split into two sets
6f laminates separated by a thin fine sand and silt layer including derived
plant material. One interpretation could be that the two sets of laminates
are related to ice sheet decay and the Loch Lomond Readvance with the
-plant remains attributable to zone II. If this were so, the diatoms would
relate to a stage during ice sheet decay. If a marine incursion were to
have occurred its effect on the diatom flora in Loch Ness with its great
throughflow of fresh water added to by.glacial meltwater is questionable

in any case. -

The effect of a jpkulhlaup on thg sedimentary sequence in Loch Ness
is also questionable, the most probable indicator would be bands of sand
showing erosive lower contacts as much of the heavier material would tend
-to be deposited at the Fort Augustus end of the loch. The situation
remains speculative and very ‘interesting. A concerted programme_of
research such as that carried out by Dickson et al. (1978) for Loch Lomond -

is needed.

2.3.5 Conclusion

A critical review of the data relating to ice limits and contem-
porary marine accompaniment reveals many inconsistencies in the area. One
major problem is the lack of time control. From Teindland at 28,140 B.P.
to Loch Droma at 12,810 B.P. both geoéréﬁhica]]y and chronologically there

is a distinct lack of dated sites. This means that relative dating by
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inference from superposition of landforms and successive.events is the -
only method of providing an interpretation. It must, therefore, be
remembered that the scheme df g]aciél retreat stages outlinedby J.S.Smith
(1977) and that of Synge (1977a) for Late Devensian sea-levels has no
chronological base and the correlation of glacial limits and shorelines
“over large distances (as in. fig. 2.5) when the intervening areas héve'
not peen studied and mapped in detail iS’but one interpretation that can

be b]aced on the evidence.
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CHAPTER 3 -

FLANDRIAN SEA-LEVEL CHANGES

3.1 Introduction

The two.informal methodologies that have been used to study sea-level
change in Scotland are in reality little different. Both shoreline studies
and those involving sea-Teve] curves are essentially cdncerned with the
determination of the altitude and age of features related to former sea-
levels, the difference is essentially one of emphasis. Shoreline diagrams,
especially the more commonly used shoreline-distance diagram show the
change in é]titude with distance_(gradient)'of a single shoreline or groups
of shorelines nofma] to the proposed isobases. The method has been well
used in Scotland and many of the problems associated with it have been
discussed by Gray (1975) and Gemmell (1976). Major difficu]tiés arise
with the dating of raised shorelines, especia]iy on open coasts since here
there is generally a lack of organic matégia]-in situ. Hoyever the rel-
ationship between age and gradient of shorelines has been used by Andrews and

Dugdale (1970) to date the earlier East Fife shorelines.

Sea-level curves are constructed with index. points taken from former
tidal flat and lagoonal environments. It is in areas such as these, at
the heads of estuaries or embay ments that the measurement of present

and past tidal range can.be greatly in error.

However the distinction between types of site used is not a clear
one. Sissons and Brooks (1971) and Cullingford et al. (1980) working in
the western Forth valley and lower Strathearn respectively have used the
shoreline sequence produced for each area as a geomorphological constraint

14

on the time control given by the "'C dated index points.

Nine published sea-level curves from Scotland are shown in fig. 3.1



Fig. 3.1: Published sea-level curves for Scotland.

—
L)

sources: Sissons and Brooks 1971 - = R |
2,3, Jardine 1975 | - | |
4. Peacock et al. 1978

5. Peacock et al. 197‘7

6.  Cullingford et al. 1980

. . Paterson et al. 1981

8,9. Donner 1970
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Fig.-3,2

Fig. 3.3

Provisional isobases for the 'Post-glacial 25-foot

beach' Donner (1965); Isobases in metres.

Provisional tsobases for the Main Postglacial Shbre]ine

(Stssons'1976). [Isobases in metres.
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(Sissons and Brooks 1971, Jardine 1975, Peacock et al. 1977, Peacbck et al.

1978, Cu]]ingford'gg;él. 1980, Donner 1970 and Paterson et al. 1981). Only
those using indek points of Flandrian age will be considered. The seven.
reﬁaining curves (fig.3.1, 1; 2, 3;v6, 7, 8 and 9) effectively summarize
knowledge of relative sea-level movement in the Forth, Tay and So]wéy

Firth areas.

W.B. Wright was perhéps the first to produce a generalized map and‘
statement of the extent - or zero isobase -.and nature of the '25 foot' |
raised beach (Wright 1911). In this work he clearly owes a debt to
Jamieson (1865) who was one of the first to recognize and eip]ain the

height variation in Scottish raised shorelines.

Provisidna] isobases for the Main Postglacial shoreline shown in
fig.3.2 and fig.3.3 (Sissons 1976, Donner 1963) describe an e]liptic |
uplift dome centred on the Rannoch Moor area. If this was the general
form of uplift all the relative Flandrian sealleve1 curves for Scotland
‘should be broadly similar in shape though differing in detai] on the -
chronology and maximum éxtent of transgressiohs and regressions. Clearly
the two curves for the Solway Firth area are df%ferent in shapé. This
could either be because the differences are real, the:cause.being a
differential isostatic history coupleduwith regional eustasy,or the

differences are apparent ones.

In this chapter the data for sea-level change during the Flandrian
in Scotland will be reviewed using the sea-level curves as a basis but -

also using shoreline or raised beach studies where necessary.

3.2 The Forth area

Over the past twenty years the Forth valley has become the most -
intensively studied area for sea-level change in Scotland (Sissons 1962,

1963, 1969, 1972, 1976. , Sissons and Brooks 1971, Sissons et al. 1965,
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Sissons et al. 1966, Sissons and Rhind 1970, Sissons-and Smith 1965, D.E.
Smith 1968, Smith et al. 1978, Kemp 1975) and the sequence of sea-level
changes defined there has become acéepted as an informal model with which

to compare other areas of Scotland. Much of the work undertaken has been

the identification of shorelines and gradients.

The succession outlined for the Forth during the Flandrian will be
discussed using the sea=level curve for the western Forth valley (Sissons
and Brooks 1971) as a basis. It is based on dafa from seven sites five

of which provide seven radiocarbon dates. The curve is shown in fig.3.1,1.

4Immediate1y outside the Menteith mdraine.- formed at the maximum of
the Loch Lomond Readvance - lies the earliest of a suite of buried beaches.
Termed the High Buried Beach (Sissons 1966) it is a continuous feature
running some 3 km. in an east-wesf direction with no discernible gradient.
Often the pink sands of'the beach are overlain by a thin peét layer. Pollen
analyéis of the thin peat suggests a hiatus in deposition between beach
formation and peat initiation and therefore the béach can only be datéd'
with respect to its stratigfaphic position. The pink sands part]y overlie
fluvioglacial material associated with the moraine but do not occﬁr within
it. Sissons (1966) concludes that the beach must have been formed short]y"
after c.-10,300 B.P. whi]e'ice stood at the Menteith moraine -~ strictly
therefore it is a Late Devensian'feature. The first index point shown in
fig. 3.1, 1 is consequently based on-stratiéraphic evidence alone and shows

a rise to 12.1 m. followed by a fall.

The horizontal expréssion of thg High Buried Shoreline is unexpected
because 1afer shorelines do show a measurable gradient. Sissons (1972)
suggests this is due to local circumstances such as the availability of
fluvioglacial material from the west dur{ng beach formation. An additidﬁa]
factor could be the inabijlity to make mean{ngful mea;ukements further

east due to the poor development and subsequent erosion of the beach.
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Sissons (1966) however also notes that the pink sands of the beach which
were penetrated to a maximum of .c. 4 m. often show distinct laminations
which could repre;ent,varves. If this is true and a strict definition for
varve is applied then a non-marine ofigtn may be assumed for at least part
of the beach deposits. .No laboratory analysis of the pink High Buried '

Beach deposits has been undertaken.

‘The altitude of the second index point is the average of sixteen
measurements on the Main Buried Shoreline immediately east of the Menteith
moraine (9.9 m.). This Main Buried Beach formed ‘later than the High Buried
- Beach since it occurs both inside and outside the Meﬁteith moraine and is

at a 1ower'altitude._ Composed of 1ight grey éilts and:c1ays jt is said
to be dislocated in two places by neotectonic faulting (Sissons 1972).
The age of the feature is inferred from:pollen analysis of the'upper
levels of the beach deposit.and the 6ver1ying peat layer (Durno 1956,
Newey 1966, Brooks 1971). No hiatus in deposition is suggested and peat‘
initiation is considered_to have begun immediately after the withdrawal
of marine conditions. An age of c. 9600 B.P. is assumed with reference
to the Godwin zone IV/V boundary at Scaleby Moss and a:date of |
9640 % 140 8.P. (I 2796) on.a comparable feature at Carey in lower

Strathearn.

The third index point has been ]4C dated. It is on the lower
contact of the thin beat layer overlying the Low Bﬁried Beach - the lowest
in a staircase of buried features - at Kippen and haé an age of '
8690 ¥ 140 B.P. (I - 1839). Po]]en'analysis (Newey 1966) shows the contact
at 7.2 m. to be transitional in nature and again peat initiation is regarded

as reflecting the removal of marine conditions from the site.

Kemp (1975).anq>5mith et al. (1978) have found essentially the same

pattern of buried beaches, of assumed similar age, on the north side of

the Forth and in the Teith valley. The evidence from the buried beaches
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of the Forth taken togéther, shows an intermittent fall in_sea-]eve] '

of ¢c. 5 m. between c. 10,300 B.P. and c. 8800 B.P.

The rapid'rfse of seaflevel;.some'0.7 m./100 years, ‘started at
c. 8500 B.P. bracketed by the regressive and transgressive contacfs of
the thin peat. layer at Kippen, the transgressive.contact having a date
of 827 0 I 160 B.P. (I 1838) and an altitude 6f 7.68 m. Further-radio-
carbon dated {ndex.poinfs‘at South Flanders, 9.5 m. and 8010 T 130 B.P.
and Easter Offerance, 13.3 m. aﬁd 7480 1"125 B.P. on the transgressivé.

contact at higher altitudés show the rapid nature of the trdnsgressing'sea;

.The cu]minatjoﬁ of the Flandrian rise in sea-level is given by a
date of 6490 ¥ 125 B.P. for the basal 10 cm. of the surface peat at West
Flanders Moss, a date supported by pollen analysis. Subsequently sea-
Tevel fell intermittently to the présent. D.E. Smith (1968) has identifjed
three shorelines beiow-the.altitude of the Main Postglacial Shoreline of

the Forth and one of thése is shown schematically in fig.3.1, 1.

J THe curve for 'central parts of Scotland' (Donner 1970 and fig.3.1,8)
includes two radiocarbon dated index points used by Sissons and.Brooks"
(1971), from Kippen I 1838 and I 1839 and two index points - .the age
established by pollen analysis - from West Flanders Moss-(Newey 1966).
However, Donner's curve departs from that of Sissons and Brooks through
the inclusion of index points from Airth Colliery, Flanders Moss and
Garscadden Mains. Of these latter three points the Flanders Moss date -
(Q 553, 5492 ¥ 130 B.P. is from a sample of wood 10 - 12 cm; abbve the
transition from the carsé (4 on fig. 3.1, 8) and the age of the Garscadden
index point is established by pollen analysis as late zone I.-.Garscadden
is in the Clyde basin, an area that has a different isostatic history
from the Forth and Donne} overlooks evidence from the Forth of a low sea;
level during the Loch Lomond Readvance which is considered to have cut the
Main Lateglacial Shoreline. This early part of the curve is.therefore -

unreliable.



-63-

3.3 The'Tay'and'east'COaéfidf'SCOtland

A recent Flandrian sea-level curve for lower Strathearn (Cullingford
gg;gl, 1980 and fig. 3.1, 6) shows éssentia11y the same shape as the western
Forth valley curve but at a lower altitude reflecting less isostatic
recovery. For example the altitude of the shoreline considered the equiv-
alent to the Main Buried Shoreline of the Forth is 3.2 m. as opposed to.

9.9 m. and the altitudes of the Main Postglacial Shoreline in the lower Tay
estuary and the western Forth are ¢ 10 m. and 14.4 m. respectively.

14c dates with supporting

The lower Strathearn curve is based on 15
pollen and diatom evidence from six sites. The main difference between
the curves.ocqurs in the timing of the low point postdating the formation
of the Low Buried Shoreline and the start of the rise to the Main Posté]acia]
Shoreline. In lower Strathearn this low point is dated between
8370 * 45 B.P. (SRR 1147) and 7525 I 50 B.P. (SRR 1394) whereas in the
western Forth valley the comparable minimum ha§ an age between 8690 Y0 B.P.

(I 1839) and 827.0 ¥ 160 B.P. (I 1838).

The age of the culmination of the Flandrian rise in sea-level is
quite comparable - between 6679 % 40 B.P. (SRR 1150) and 6083 % 40 B.P.
(SRR 1151) in the Glencarse area and at 6490 I 125 B.P. in the western

_ Forth. The lower Strathearn curve is not drawn through the Glencarse
. index points SRR 1150 and SRR 1151 (fig. 3.1, 6) since the Glencarse site

 lies some 5-6 km. north-east of the other sites used in the study.

A recent generalized sea-level curve for the Errol area (Paterson .
et al. 1981) shows many features in cormon with the lower Strathearn curve,
indeed for fhe period the curves overlap it is based on much the same
data. There are important differences however. The High and Main Buried |
Shorelines shown on fig. 3.1, 7 are based on data from Tower Strathearn

whilst the Low Buried Shoreline is based on data from the Carse of Gowrie.
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As Paterson et al.(1981)admit the morphology of the buried terraces in this
latter area have not yet been investigated in detail, the correlation
between the two areas is purely chronostratigraphic. This may account

for the difference in altitude betweén the Low Buried Shoreline in lower

Strathearn at 2.8 m. and near Errol where it is close to Ordnance Datum.

A second important difference is the marked oscillation in the curve
~on the rise to the Main Postglacial Shoreline. This is derived from the
presence of a sandy channel fill at Kingston in the Carse of Gowrie'the
upper parts of which are considered equivalent to the lower part of the
'carse deposits' elsewhere in the vicin?ty and interpreted as a minor '
transgressive episode. The third major difference is the schematic rep-
resentation of a shoreline younger than the Main Postglacial Shoreline

the age of which is not known for certain.

In theory the formation of a single shoreline in an area Undefgoing |
isostétic uplift, such as the Main'Postg1acia1§5hofe1ine should be time-
transgressive, with the removal of marine conditions occurring earlier
in areas where isostatic uplift is greater. Radiocarbon dates are now
~available from sites where the estuarine 'carse deposits' of the Main
Postglacial Transgression of the Tay and east coast of Scotland wedge
out in a landward direction. In table 3.1 only published dates are
used and relate to the transgressive and regressive overlaps which bracket

the culmination of the Main Postglacial Shoreline.
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TABLE 3.1
Site Details Lab-code  Age (B.P) ~ . Altitude (m)
St.Michael's RO 0.15 m. St. 3062 5830 I 110. m
St.Michael's TO0  0.15 m. St. 3063 7605 = 130 m
St.Michael's RO  0.01 m. SRR 1331 5890 to5 6.76 (2)
St.Michael's T0 0.01m. SRR 1332 7310 ¥100 7.24  (2)
Hole of Clien RO 0.02m. ~ SRR 1510 6170¥90  10.04  (2)
Hole of Clien TO  0.02 m. SRR 1511 7500 290 . 9.62 ~  (2)
. Glencarse RO-  0.01 m. SRR 1151 6083 = 40 . 9.82 . (2)
* Glencarse T0  0.01 m. SRR 1150 6679 < 40  9.53 (2)
Fullerton RO - 0.01 m. SRR 1148 6704 % 55 6.3 . (3)
Fullerton T0 0.0 m. SRR 1149 7086 = 50 5.57 (3)
W.Flanders RO 0.d0m -0 6490 %125 14.4 (4)

sources : (1) Ehisholm (1971) (2) Morrison et al. (1981) (3) Smith et al.
- -(1980) (4) Sissons and Brooks (197T)

RO = Regressive overlap . TO = Transgressive overlap"

The data for the western Forth, lower Strathearn and the more
peripheral east coast sites do seem to suggest that the culmination of the
Main Postglacial Transgression, defined as the trahsgression which led tp
the formation of ﬁhe Main Postglacial Shoreline in eastern Scot]an&, was
diachronous. The regressiVé overlap has dates of ¢. 6500 B.P. in the
western Forth Valley, c. 6100 B.P. in the middle Tay estuary and
c. 5850 B.P. in north east Fife. The date of 6704 % 55.B.P. (SRR 1148)
from Fullerton near Montrose interrupts the sequence however. Unpublished _
dates from areas north of Aberdeen, at Waterside and Philorth suggest
the regressive overlap here has a date of c. 5700 B.P. (D.E. Smith,
unpublished). '

The anomalous dates from Fullerton may be due to local conditions.

The stratigraphic diagram given by Smith et al. (1980 fig. 16.3) shows.
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the maximum altitude reached by the 'carse' is at least 1-2 m. higher than
the altitude of the landward limit of the carse. In other words the
regressive overlap of the 'upper peat' at Fullerton shows a rise seawards.
In such cases - the same type of océurrence can be seen at West Flanders
Moss (Sissons-and Smith 1965, fig.2) - the cause must either be subsequent
compaction or an interplay between peat growth and marine deposition. If
compaction can be dismissed then local gedimentation factors must predom-
inate and the date may be only locally significant. Major problems arise
here too in the definition of what constitutes the Main Posté]acia]
Shoreline:- is it the highesf expréssion of F]andrianvmarine deposition?

" or the altitude of the landward limit?

A further reason for the apparent diachroneity could be that the
same event has not been dated in each area. D.E. Smith (1968) identified
three shorelines younger than the Main Postglacial Shoreline in the Forth
and it may mean in some of the peripheral areas less affected by isostatic
uplift it is a younger shoreline that has been dated. This argument is.
hard to disprove unless detailed morphological, stratigraphic and bio-
stratigraphic evidence suggests a comparable feature. Each site mustl
also be evaluated for a possible delay in resumption of peat gfowth which

could also produce an observable diachroneity.

At certain sites prior to the culmination of the Main Postglaciai
Transgression a minor transgressive episode may have occurred. At Easter
Offerance in the western Forth Valley (Sissons and Smith 1965), St.
Michael's Wood in north east Fife (Morrison et al. 1981), Fullerton near
Montrose (Smith et al. 1980) and perhaps Philorth near Fraserburgh
(D.E. Smith unpublished) it is manifested by a thin - usually less than
20 cm. - silty sand layer often containing marine or marine-brackish
diatoms, overlain by a thin peat in turn succeeded by the estuarine

‘carse deposits' proper. In seaward sites the peathlayer is absent and
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the sand layer forms a dfstinct unit within the 'carse deposits'. The

Kingston Sand (Paterson ét al. 1981) and a shelly sand layer in the Carse

of Gowrie in a similar stratigraphi§ position could also corre]ate»wiih

this feature.

Published ]4C dates above and below this silty-sand horizon i.e.
dates on the transgressive overlap of the Towermost peat and regressive

overlap of the middle peat are shown in Table 3.2.

* TABLE 3.2 -

(2)°

Site Details . Lab-code Age (B.P)  Altitude
St.Michaels RO 0.01m SRR 1333 7050 ¥ 100 630
St.Michaels ~ T0O  0.0lm. SRR 133 75552 110 - 6.20  (2)
Fullerton RO 0.02m  Birm 867 6880-%110 550 (3)

. Fullerton TO  0.02m.  Birm 823 7140 I 120 532 (3)

‘Sources : as for Table 3.1

‘Both these sites show an age inversion with depth within the -

‘middle peat' layer (the transgressive overlap dates for the 'middle peat'

are given in table 3.1). In such cases the best approximation of age is

~given by a weighted mean and standard deviation using the formula bf '

Olsson (1979) on both dates for the transgressive and regressive overTéps.

This results in weighted means of 7180 2770 B.P. for St. Michael's Wood
and 7050 T s B.P. for Fullerton. The age brackets for the sand layer |
may now be considered as 7555 - 7180 B.P. at St. Michael's Wood and

7140 - 7050 B.P. at Fullerton. Unpublished data from the Forth Valley
also indicates a comparab]e‘age of 6900l- 7@00 B.P. fdr a similar sand

~ layer (Sissons, unpublished).
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3.4 The Ayrshire coast and Solway Firth

The only other F]aﬁdrian sea71eve1.curves are from the Ayrshire
and Solway Firth coasts. Three sea-level curves have been published
(Donner 1970, Jardine 1975).

Donner's curve for 'marginal parts of Scotland' (1970, fig.3 and
this vol. fig.3.1, 8) confains 146 dated index points from such widespread
aréas as Irvine in Ayrshire and Redkirk Point in Dumfriesshire.' Never-
theless the overall shape'is similar to the western Forth and lower
Strathegrn curves with a pronounced minimum relative sea-level between
" c. 8000 B.P. and 9000 B.P. with the culminafion of the main F]andrian rise
in sea-level at an altitude of c. 9 m. and an.ége of c; 2000 B.P.

However of the nine ]4C dated index points only three are used to

plot the curve, Q640, Q637 and Q818 (Godwin and Willis 1962, Godwin
‘gglng. 1965). Q818, 6244 % 140 B.P. is from wood fragments in a lens

of peat which is embedded in marine/estuarine deposits at Gatehouse of
Fleet. Q63Z, 8135 ¥ 150 B.P. is a sample cut from a tree sfump'ng§j§g
at Redkirk Point. The tree rests on a peat layer 23 cm. thick overlain
by c. 3.65 m. of 'carse' type deposits and its exact relationship to sea-
level must be open to question. 640, 9020 I 150 B.P. is from Girvan,
Ayrshire and dates wood fragments and peat overlying a sand and gravel

. layer, there is no supporting.evidence to suggest this index point refers
to a marine event. The curve is derived from data points from a.wide
area and the three points through which it passes are suspect. Other
possibly more suitable points such as 0638,'6645 I 120 B.P; which dates
the basal 2 cm. of peat at Lochar Moss, Dumfriesshire are ignored in
preference to less reliable ones e.g. Q818. Nicho]s.(1967) considers the
Lochar Moss date to be strongly suppokted by pollen analysis from the. |

nearby Racks Moss.
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Jardine's curves for the Solway Firth (figs.AS.l, 2 and 3.1,3)
although charting the course of mean tide level as opposed to a high
water mark implicitly assumed for the other curVes still has a shape
that is unlike any other for Scotlaﬁd during the Flandrian Age. This has
important repercussions for if the difference in shape is real if implies
a different isostatic and perhaps eustatic history for the Solway Firth
area. These curves, especially the curve for eastern Kirkcudbright and
Dumfriesshire (fig. 3.1,2) will be studied more closely in an attempt
to determine any real differences from apparent ones. |

The curve for eastern Kirkcudbright and Dumfriesshire (Jardine
A]975) is based on eleven 14

from -5.23 m. at 9390 ¥ 130 B.P. (Birm 323) to a maximum of 3.18 m. at |

C dates and shows a rise of mean sea-1eve1

. 4290 % 100 B.P. (I 5070). It also dep%cts a smooth curve with no short
term low amplitude oscillations characteristic of curves from the western

Forth and lower Strathearn.Jardine (1975) states:

“it is acknowledged that this feature probably is due in
large measure to the incompleteness of the data available
on the area covered by the curve. It is questioned, however,
whether the addition of more detailed information leading to
the construction of a curve showing minor oscillations would
do more than indicate local changes in coastal cenfiguration
accompanied perhaps by adjustments in the tidal range" (pp.192-3)

The curQes,are Unsupported by pollen evidence as an independent
means of age corroboration and there are no other micropalaeontplogical
'techniques used as an aid to the identification of unbroken succession
over lithologic boundaries. The curves also have poor stratigraphic
control. Rises and falls in sea-level are determined solely by the age
and altitude of the derived index points and local indicators of a fall in
sea-level are ighoréd. The only date to record a fall in sea-level on
the eastern Kirkcudbright and Dunfriesshire curve is consequently the
youngest at West Preston with an age of 1850 T 95 B.p. (I 5069) and an
altitude of 1.00 m. - .
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0f the two curVes puinghed by Jardine only the first,-for east

- Kirkcudbright and Dumfriesshire - considered the most reliable - will be
studied further. The earliest index point is from the South Carse
borehoie'(Birm 323, 9390 130 B.P.). The sample is from an 0.15_m. thick
layer of organic detfitus above mariné sands and probably contains méferia]
from both the transgressive and regressive contacts. The local stfatj
igraphic setting is unknown since only 6ne borehole was recorded and it

is also unknown if peat accumulation began immedjate]y after the withdrawal
of marine conditions nor if the transgressive éontact is erosional. The
index point incorporated in the curve shows a rise in sea-level, it could

perhaps equally be interpreted as a fall.

“The second index point is from Redkjrk Poinf (Q637, 8135 L4 150 B.P.)
'and dates wood from a.tree trunk growing in.situ on organic detr%tus. The .
tree is interpreted as having been killed by the transgressing sea that
subsequént]y covered the site. The provenance of the sample is unknown
but if the dated material was from the centre rings of the tree it could
be in error by a few hundred years. Similarly its exact relationship

to sea~level is unknown.

At Newbie Mains (GU375, 7812 I3 B.P.) the index point comes from
a0.10m.thick layer of organic detritus again dating both the transgréssive.
and regressive ovér]apS'and without regard to its local stratigraphic
relations. Of three other dates from the'nearby Newbie Cottages
(Birm 222, 7540 % 150 B.P. Birm 325, 7400 ¥ 150 B.P. and GU64,

7254 ¥ 101 B.P.) a11'from the same organic detritus layer ovef]ying a
podzolic soil formed on fluvioglacial deposits only the 1atte} two are
included on the curve. The first, Birm 222, is not included on the curve
because it does not "lie on the general line of such a curvef (Jardine

1975, p.191), a circular argument.

: Two seemingly suitable dates at Nether Locharwoods and Midtown



-71-

(0638, 6645 = 120 B.P. and Birm 324, 6470 = 280 B.P.) on the basal layers
-of a peat overlying brackish-water deposits and supported by pollen evidence
from the nearby Racks Moss (Nichols, 1967) are ignored. Instead tidal
differences caused by the coﬁfiguratfon of the Lochar Gulf are pfoposed as
causing errors in the altitude adjustment to the best- fit mean seab]eQé]

curve.

The final points on the curve are dates from allochthonous wood
fragments from Newbie Cottages (Birm 220, 5630 i 116 B.P.) and the basal
0.07 m. of the 0.4 m. thick peat in which the wood was located (I 5070,
4290 ¥ 700 B.P.). Both are essentially components of the same contact and
* both points are plotted, one showing a rise in sea-level, the other
denoting the cﬁ]mination of the Flandrian rise in sea-level. }he West
Prestonldate (1 5069, 1850 I 95 B.P.) is from the basal 0.05 m. of a
1 cm. thick surface'peat 1&yer and is the only index point to record a

fall in sea-level.

Alternative interpretations can be placed on the basic data. The
South Carse index point could equally be taken to indicate a fall of sea-
level fo]lpwed by a rise. If true thi; would be approximétely the age of
~a fall in sea-level -during the Boreal period to a low sea-level quite
comparable with'the Forth and Tay. Omitting Q637, the date on the tfee
trunk from Redkirk Point and the allochthonous wood fragments of the
Sandyknowe Bridge date'(GU65) and inc]udiqg Birm 222, the Newbie Cottages
date omitted because it did not'lie on the curve, reﬁu]ts in an increése&
rate of sea-level risé between c. 7500 and 7000 B.P. The inclusion of the
two index points from the LoChar-Gu]f at Midtown and Nether Locharwoods |
gives a culmination of the Flandrian rise in sea-level at 6645 T 120 B.P.

gnd c. 9.15 m. 0.D. very comparable to other areas of Scotland.

The argument of Jardine (1975) that the Lochar Gulf dates do not
represent the end of the Flandrian marine transgression in the Solway Firth

area is also open to alternative interpretation. He argues that the
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preéence'of a baymouth bar "admittedly seen dn]y to be partially blocking the'
entrance to the Gulf" (pl. 83) may have been the cause of the exclusion of
the sea from the Lochar Gulf. Much more stratigraphic control is needed

until firm conclusions can be made.

Using supporting evidence, he suggests that continued marine penet-
ration east of the Lochar Gulf is recorded after this time., At Newbie |
Cottages east of the Lochar Gulf the 'carse deposits’ characteristically
. contain abundant molluscs, foramindferids; ostracodé and echinoids, the
later 'carse deposits’ 6n1y contain rare occurrences. In the Lochar Gulf
all 'carse deposits', predominantly of sand, contain a rich fauna indicating:
it correlates with the earlier unit at Newbie Cottages and hence that the
Lochar Gulf, unlike Newbie Cottages, was cut off suddenly from marine

conditions.

Jardine argues that the siting of a mesq]ithic settlement at
Barsalloch dated 6000 ¥ 110 B.P. on top of a cliff instead of at the base
suggests the sea was very close to or actually at the cliff foot - again
suggesting marine penetration'east of the Lochar Gulf after c. 6600 B.P.

An a]ternative exp]anation could be that the cliff top site waé favouréd
initia]]y‘by'mesolithic peoples because of the natural advanﬁages‘of such -

a site.

Radiocarbon eYidence for the continued marine penetration after
c. 6600 B.P. east of the Lochar Gulf is based 6n the two samples from
Newbie Cottaggs. The peat date (I 5070, 4290 b 100) may simply relate to
a stage in the general fall in sea-level from the maximum as showh on
fig. 3.1, 2. In addition, it is not knownif there was a delay in‘resumption

of peat growth following the removal of marine conditions.

Evidence is given of a continued rise in sea-level after 6600 B.P.

west of the Lochar Gulf at the head of Wigtown Bay. Dateé at Palnure for
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the peat matrix and wood fract1on (Birm 415, 6540 = 120 B.P., Birm 189,
6240 % 240 B.P.) give a weighted mean of 6480 I 117 8.P. However; Jard1ne
, argeeS'that two dates at Carseminnoch.(I 5514, 6325 £ 120 B.P, ) and 3.5 km.
. west of Palnure (Q639, 6159 - 120 B.P.) are evidence for the pers1stence
of estuarine conditions after the beginning of peat growth at Pa]nure.

Both dates are on allochthonous wood and all four are indistinguishable at

the 95% level.

The curve for Wigtown Bay (fig. 3.1,3) shows the culmination of the
Fiandrian rise in sea-level between 4746 50 B.P. and 4000 * 100 B.P.
(SRR 26 and I 5513 respectively). The former Muirfad Flow date is from
twigs in the basal 0.Q5 m. of the surface peat layer and the latter is
from wood fragments frem the basal 0.05 m. of the surface peet-ét Moss of

Cree.

The dates are from derived material and show that the date of
4746 % 50 B.P. is not likely to give reliable age estimate for the culmin-

ation of the Flandrian rise in sea-level in Wigtown Bay.

In summary many of the differences between sea-]eve]’curves for the
Western Forth and lower Strathearn and the Solway Firth can be exp]aihed
through differences fn the use and application of the 14C dated material
to sea~level studies and the interpretations inherent in the different
approaches used. It is proposed that the Solway Firth area can be looked
upon as similar in isostatic and_eustatic reponse to other areas of
.Scotland and differences between the areas are more apparent than real.
Much more r1gorous work needs to be undertaken in peripheral areas with a
Tower rate of isostatic recovery if real d1fferences are to be detected

between curves.
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3.5 Other areas of Scotland

There is abundant published evidence relating to peat layers beneath

~ present high water mark or beneath later marine deposits from all parts of |
Scotland (Sissons 1967). Very littie_detailed work has been done on buried
peats outside the areas so far discussed. Many idéas have been invoked to

. explain the presence of such peats thqugh it was Jamieson (1865) who was
the-first to realize that the majority ‘of such peat layers give evidence

for a period of lower sea-level. The buried peats are certainly not members
of .a single population and -vary greatly in age and in mode of initiation. |
" The oldest buried peat, 12, 290 T 250 B.P. firom Redkirk Point (Q816, Godwin
et al. 1965) lies on a grey carbonaceous sf1ts of a stream deposit.cut into
ti1l ‘and is overlain by grey silts and fine sands of marine origin (Bishop
and Coope 1977). The buried peats of the Forth lie on a suite of buried
beach forms dated from c. 10300 B.P. to c.8800 B;P. and are covered by

carse deposits. Finally, Sissons (1967) states that peat that is still

growing at the present time is being submerged in the outer islands.

The main point to be made here is that many buried peats prdbab]y
started to accumulate during the early Flandrian either in response to a
regressing or transgressing sea and were covered by later marine dnd estuarine

deposits during the main Flandrian rise in sea-level.

Flandrian raised shorelines have also been studied in other areas of
Scotland - in the Oban area (Gray 1974), the Firth of Lorne to Loch Broom
(McCann 1966), Wester Ross (Kirk'et'ai.-1966) and northern Scotland.

Published gradients for these areas and those already discussed include -

' TABLE'3:3-" -
Wgst Coast 0.075 m./km. (McCann 1966, Synge and Stephens 1966)
Oban area O.QS m./km. (Gray 1974)
Fbrth - 0.076 m./km. (Sissons 1976).
Tay 0.09 m./kn. (Cullingford 1972 in Gray 1974)

Easter Ross 0.09 m./km. (J.S. Smith 1966).
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Because of the different approaches adopted in some of the studies,
~ for example in field methods and sampling stategy, it is not known if all
the results are strictly comparable. In addition it is not known if the
measurements of altitude relate to the same shoreline, or if some studies
use points on more than one shoreline. Problems of definition and inter-
pretation mean no specific conclusions can be reached other than that all

" methods do show a gradient normal to the proposed isobases of c. 0.05-0.1 m/km.

3.6 The Moray Firth area

.Little or no previous work explicif]y dealing with sea-level.change |
has been published for the Moray Firth area during the F]andrian'Age.

" This is surprising since Ogilvie (1923) states that the area

"includes some of the finest and most complex examp]es of
raised beach at several levels" (p.377)

QOgilvie's monograph is however primarily a morphological §tudy
concerngd with the changing shape of the coast between Golspie and Port
Gordon. It is perhaps indfcative of the quaiity of Ogilvie's work, coupled
with the Tack of research since 1923, that Sissons (1967, 1976) and Steers
" (1973) continue to use Ogilvie's work extensively. It contains a fine |
description of the variety of beach forms encountered in the Moray Firth
area from the high fault-controlled cliffs of the B]ack Isle to the flat
_ 'carse]ands' of the inner Beauly Firth, the wide sand and shingle foreland

‘of the Culbin Sands and the composite spits of Dornoch Point and Cuthill
Links but it pays 1itt1e attention to stratigraphy and offers nothing in
time control. - |

Evidence for sea-level change is often imb]icit in the published

literature and there is no synthesis available. Certain lines of evidence

point to a period of Tow sea-level during the early F]andrian. At a number

of sites peat is found beneath later, marine deposits. Wallace (1883,1896)
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récordslocal memory of an extensive peat bed covering the floor of Burghéad
' Bay; the rights of turbary were the subjéct of a law suit in 1787. “Thé peat
]Ayer was apparent]y much more exten;ive than now; present occurrences are
spofadic.- However in places beneath the compact peat layer are occurrences

of blue silty sand containing abundant shell fragments.

Eyles et al. (1946) provide information of a buried peat layer in
the Spynie depression.f A brick-clay pit, worked until 1939 near Loch
| Spynie, c. 5 km. north of Elgin contained a peat layer 38 cm. thick,
570 cm. from the surface overlain by a shell bed and blown sand and under-
lain by c. 45 cm. of light blue clay and over 600 cm. of dark ClayT

Jamieson (1865) recorded the presence of Scrobicularia plana da‘Costa, a

" mollusc that favours muddy estuarine conditions. The stratigraphic position

of the find is unreported however.

Smith and Mather (1973) described a peat layer which outcrops on or
at the back of the fringing beach of the Morrich More, Ross and Cromarty.
The peat is suggested to predate the Flandrian transgression and underlies

much of the ridge and slack system.

| J.S.Smith (1968) recorded a thin layer of peat in field drains close
to Delny church. The site is on the fringe of an extensive area mapped

as a lagoon of Flandrian Age (Ritchie et al.-1967). Notes on theloriginal
6" Geological Survey maps record the discovery of a péat stratum containing

Alnus and Betula twigs and seeds of Menyanthes sp. near Lower Kincraig.

Some morphological forms too have been used as evidence for a lower
sea-level. J.S. Smith (1963) in a short note calls attention to the well-
developed gu11ies'between Cromarty gnd Jemimaville on the southern shore
of the Cromarty Firth. The gullies are incised into highér beach depoéits
| and are graded to a level below that of the Flandrian raised beaches-in the

area. There are no debris cones at or below their point of debouchement

onto the raised beach indicating that the'gullies are older forms.. Smith
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favoured an early Atlantic age c. 5,000 B.P. Sissons et al. (1965) criticized
the paper and described similar forms in the Forth and Tay area that are

p]der and were in existence at least 8,000 to 8500 B.P.

| The only detailed stratigraphfc record with independent age corrob-
oration pertaining to F]andr{an.sea-level change is that given by Peacock -
et al. (1980) fpr the Cromarty Firth borehole C2. Using all borehole data
“three informal lithologic units have been déscribed : from the base up,
the Findan beds, Afdu11ie beds and Cromarty beds. Many problems .of inter-
. pretation exist but it is proposed that only the Cromarty beds are
'exc1usive1y of Flandrian Age though perhaps the Ardullie beds span the .
transition from Late Devensian to Flandrian. There are three radioéarbon
dates from the lower Cromarty beds, SRR1068, 8748 T80 B.P..dating p]ant'
debris and two dates on shells, SRR1069 at 7326 I 360 B.P. and SRR 1070 '
Et 8156 ¥ 150 B.P. A1l dates have been normalized with respect to the
P.D.B. standard. The lower Cromarty beds therefore probably aﬁcumu]ated

during the early Flandrian

If the marine shell dates are to be questioned then the lower

Cromarty beds accumulated c. 8750 B.P. at the time of the relative Tow - - -

sea-level recorded in the Forth. The lower Cromarty beds have a high
proportion of very-shallow water species and thé stratigraphy contaihé'
possible channel lag deposits. If the age quoted above is correct; an
altitude of -6 m. OfD.Afor the contemporary sea-level is reasonable o

(Peacock et al. 1980)._

If the plant debris date is to be questioned and shell dates
accepted then the lower Cromarty beds accumulated between 8000 B.P. and
6500 B.P. at the time of the rise in sea-level to the F]andrian'maximdm in
the Forth. THe shallow water fauna could then be explained througﬁ doﬂn-"

ward translocation of shallow water and intertidal species.
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. The fauna of the Upper Cromarty beds indicate deposition in deeper
water wﬁich may relate to the culmination of the Flandrian transgression

and subsequent events.

Flandrian raised beaches havé been described by the fié]d officers of
the Geological Survey (Horne and Hinxman 1914, Peach 1912, Read et al.
1925, Read et al. 1926) by Ogilvie (1923) and Steers (1937) though accurate
height meésurements and overall synthe#is are lacking. Smith (1966) |
notes two Flandrian raised beaches,the higher one rises from 8.22 m. at
Kessock to 9.14 m. at Tarradale, a gradient of c¢.0.09 m./km. The lower
beach is at 3.9 m. 0.D. but accurate height determination was impossible

due to disturbance by road building.

The presént state of knowledge concerning Flandrian sea-level
change in the inner Moray Firth area is fragmentary. There is no adequate
time control given by radiocarbon dating and little accurate altitude
information. The data that are available are'fragmentany and often implicit
rather than explicit, nevertheléss it does suggest a relatively low
sea-level during the early Flandrian followed by a rise to produce the

well developed raised beach at c¢c. 9-10 m. in the inner Firths.

3.7 A method of representing Flandrian coastal sequences

It is not known when the term 'carse' - first referenced in semi-
Gaelic form in 1143 (Grant and Morrison 1929 - 76) and defined as a
stretch of flat land bordering.a'river estuary - came to include a
1itho§traﬁigraphic connotation with the addition of the word clay. Nor
is it certain when the chronostratigraphic and genetic connotation of
being formed during the main Flandrian rise and fall in sea-level in -
Scotland came into being, thqugh Jamieson (1865) certainly uses the
term ‘carse clay' with all three uses implicit. Stemming from the use of

the term ‘carse c]ay'_has been the adoption by some workers of the term.
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'sub-carse peat' referring to the widespread thin peat layer occurring on
beaches.of different ages and subsequently buried by the transgression
that deposited the ‘carse clays' (e.g. Newey 1966, Paterson et al. 1981).
Paterson et al. (1981) have also used the term ‘post-carse’ estuarine
~deposits which refers to a number of terraces formed below the level of
the Main Postglacial Shoreline "as a result of fluctuating sea-level
fall, (p.é]). Whether the term also ihc]udes a lithostratigréphic

connotation is not clear.

At Fullerton near Montrose (Smith et al. 1980) and other sites on
the east coast of Scotland (Morrison et al. 1981) the Flandrian rise in
sea-level probably inyo]ved at least two marine transgression ep{sodes.-
In places there are three peat layers in the coastal peat mosses
separated by two marine clastic horizons. Subsequent to the Main Post-
glacial Shoreline of the Forth and Tay there are lower beaches, the
product of minor transgressions or stillstands’ during a general fall in
sea-level (e.g. D.E. Smith 1968). Hence the ’carse clay' is combosed of
several episodes encompassing proposed rises and falls in sea-level. It
is also comprised of several different lithologies and is clearly unsat-

_isfactory for the process of correlation.

The use of a newly developed system for the‘description and 1itho-
logical classification of Flandrian coastal sequences is therefore proposed '
(Barckhausen et al. 1977). Deyeloped épecifica]]y for coastal sedimentary
sequences it is an hierarchical sbhéme based on the vertical succession and
lateral interfingering of clastic sediments and peat. There are three
]evelsfin,the hierarchy, complexes, sequences and facies units. Each level

contains a number of profile types.
Complexes contain 3 profile types:=

- clastic (X) types : a body of clastic sediments without intercalated

peat layers. Peat may occur at the base or top of the complex.
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- 'jnterfingering (Y) types : a body of coastal deposits in which clastic

sediments are intercalated by peat layers.

- peat (Z) types : a body of peat and limnic deposits. Thin. layers of
clastic sediments can either be intercalated in the peat complex or can

~occur at the base or on top of the peat complex.

Sequences are subdivisions of the complexes and consist of -one or
_more facies units. Streif (1978) outlines ten sequences characteristic
of the clastic, interfingering and peat complexes and a description of |
these is given in Appendix V. In a coastal context there are a finite
‘number bf_interrelationships these ten sequences can hold. Streif
(1978, fig.1) outlines twelve subordinate profile types (X1, Y1, Z etc.)

and these are shown diagrammatically in Appendix V.

Facies units, the lowest division of the hierarchy have a. variable
number of special profile types which are defined individually with regard
to specific objectives such as geological, engineering or resource
potential. In this study the use of special profile typeé is specifically
aimed at isolating terrestrial clastic (or non-marine) sequences from

.:“marine clastic sequencés especially where they interfinger with peat.layers.
.They are defined as far as pqssib]e on Tithologic properties with
stratigraphic relationships and micropalaeontological ané]yses also 'consi_dered.'
A schematic diagram of the most common special profile types encountered

in this stddy is given in fig.3.4 and are described in Appendix V.

The advantage of such a system is that it avoids the confusion of
terms such as 'carse-clay', 'sub-carse peat', 'post carse estuarine
deposits' which have come to include a lithostratigraphic, chronostratigraphic
and genetic meaning. This loose use of Ferminology leads to difficﬁ]ty in

correlation between areas.

The scheme can be linked to a chronostratigraphic system based on




Fig. 3.4

Schematic section sﬁowing most commonly encountered

- profile types in the inner Moray -Firth coastal area

following the scheme of Barckhausen et al. (1977).
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radiocarbon dates to provide a flexible method of expTaining coastal dev-
elopment in a paléeogeographic sense through time and space. However, the
validity of lithostratigraphic correlation depends on the scale of the

. investigated area. fn the first instance this is taken to represent the
site scale. Because by its very nature a transgressive episbde for example
is time transgressive the lithological classification and chronostrati-
graphic scheme must be regérded as two independent methods to be used in

conjunction if clarification of coastal development is the aim.

The scheme has many practical applications such as the ease of
incorporation into data bank management systems. The new type of geological
map for Emden West (Barckhausen and Streif 1978) contained informatiqﬁ
from 650 boreholes, 10,000 m. of sedimgntary cores and 25,000 individual

layers all processed from original field data capture using the scheme.

There are somé basic differences in applying the scheme to coastal
sequences in eastern Scotland. The method is universal but the underlying
model of coastal development is different. Inherent in the scheme as
~applied to the southern North Sea are certain situations that dq not
transfer. In the southern North Sea the basal unit often consists of a
sandy deposit with podzol formation and is widely regarded as.Late
Weichselian or early Flandrian. U”pon;this sloping surface the maf%né
' deposits and peat were laid down under cohditions of a slowly rising
sea-level, perhaps yith'short term Tow amplitude oscillations after c.7000.'
B.P. This has resu]téd, with the continued geological subsidence of tﬁg_
southern North Sea, in a basic‘tripartite succession, the X, Y and Z -

complexes.

In eastern Scotland the effects of glacial isostasy and eUstatic_
sea-level movements mean that often the local basal deposits comprise :
glacial units or bedrock. Above these Late Devensian marine clays and

silts are sometimes preserved. In its application to this study therefore




Fig. 3.5

Fig. 3.6

Diagrammatic section of the Grangemouth-Airth area

(m1d_Forth Valley) showing main elements of the.

stratigraphy (Sissons et al. 1966).

1

2
3
.
5.
6
9

Main Perth Shoré]ine
Lower Perth Shoreline

Main Lateglacial Shoreline (Sissons 1976)

"Main Buried ShoreIine

" Low Buried Shoreline

Main Postglacial Shoreline

Later Flandriaq,ShoreIines

Dfagram also’ shows the application of the scheme of

Barckhausen et al. (1977) showing its equivalence in

complex and subordinate profile type.

Diagfammatic section of the Upper Forth Valley

(Sissons and Smith 1965). Symbols as for fig. 3.5

except the buried beaches are unshaded. Diagram also

shows the'application of the scheme of Barckhausen

et al. (1977) giving the equivalent in complex and

subordinate profile type.
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the basal units are considered to be of glacial origin or bedrock and

this means an extension of the scheme into the Late Devensian.

Geological inheritance and ré]ative sea-level changes in eastern
Scotland mean that large flat areas equivalent to the coastal plains of

"the southern North Sea are not available for marine sedimentation.

Fig. 3.5 shows a model sequende-for the mid-Forth Valley including
common terms used for sequences (Sissons 1976, Newey 1966, Brooks 1971).
Their equivalent in the scheme of - Barckhausen et al. (1977) is also
shown. For instance a borehole through the carse clays, sub-carse peat,
buried beaph and till would essentially record a Y1 profile with an upper
clastic sequence (qhK0) a splitting-up sequence comprising only one peat

layer (ghA) and ahlower clastic sequence (qhKU).

Fig. 3.6 shows a model sequence for the Upper Forth Valley '
(Sissons and Smith 1965) and the equivalent profiles and subordinate .

profile types of the new scheme.
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CHAPTER 4

TECHNIQUES OF ANALYSIS

4.1 Introduction

The need for accurate and reliable data is the prerequisite for all
further. analysis and the foundation of all subsequent interpretation. The
techniques outlined below are:standard and have been used extensi&e]y in
research on sea-level changes in the Netherlands (Jelgersma 1961), the
Fenland (Godwin 1940h.Shennan‘1980) and eastern Scotland (Smith et al. 1980,
Morrison et al. 1981). It is regarded as essential that procedures adopted
for data collection should be presented to enable independent evaluation of
any sdbsequent interpfefation. Accordingly the seven teqhniques used to
_ study the nature and age of sea-level chaﬁges in the Moray Firth‘area are

outlined below.

4.2 Levelling

A1l boreholes and sampling sites were instrumentally levelled to
Ordnance Datum (Newlyn) using a Kern GK-]A level. Benchmark heights were
taken from Ordnance Datum Benchmark Lists derived from the Third Geodetic
Levelling of Great Britain ( 1951/59). A1l levelled transects were
closed, the highest compound closing error being 0.23 m. for Moniack 1+ 7,
however the_majority of surface altitudes are considered accurate to 0.65 m.
There is also an error inherent in the use of 0.S. Beqchmarks. Eady (1976).

states that:

"within a distance of 0.5 km. their maximum relative error should
not exceed 1 cm. However, at this stage it is not yet possible
to guarantee that the published heights in relation to Mean Sea
Level at Newlyn are any more accurate than about 15 cms. in’
England and Wales and about 20 cms. in Scotland."”

4.3 Field sampling

Three different types of sediment sampler were used for the recon-
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naissance of stratigraphy and sampling for further laboratory examination.
Inftia]]y a gouge sampler provided rapid results;' The sampler comprised

| a 1 m. half-chamber and 1 m. extension rods éompatib]e with a percussion -
drill and jack attachment. Boreho]e§ of up to 10 m. depth were easily
achieved by one person in all sediment types save for compact sand and

gravel.

Problems were encountered with' contamination in wet, non-cohesive
peats and organic clays. Shennan (1980) has shown that sheariﬁg of adjacent
sediments through a core using such a gouge sampler could mean an error
on peat/clay boundaries of up to 0.02 m. This makes the confident ident-
ification of thin peat bands difficult in some circumstances and in addition
the small amount of sediment retrieved presents difficulty iﬁ accurate

sediment description.

A Russian sampler compatible wifh the percussion drill and jack
attachment enabled half-cores of 0.5 m. to be'taken with little contamination
or shearing of adjacent sediments. At Moniack 4B the use of multiple shots
enabled a complete core to be retrieved for further micropalaeontological
examination and to provide material for ]4C analysis. : In this case the
sampler was cleaned between samp]es_and the sediment transferred to p]astic.

~guttering in 0.5 m.']engths and sealed in polythene.

The third sampler used comprised a modified Livingstone corer (Merkt
and Streif 1970) also compatib]e,wifh ihe percussion drill and Jjack attach=
ment which provided undisturbed cores'] m. in length aﬁd 0.048 m. in
diameter. Some trouble was experienced in using tﬁo adjacent boreholes to
provide overlap and ensure contaminaﬁion-free sampling since vibration
during the down stroke caused early sampling. In such cases, as at BY-14B, .
on]yfone borehole was continued with resulting loss of an overTapping
sequence of samples, the possibility of.s1ight contamination at the top of

each sample and small gaps in the sequence. Extrusion of the cores
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provided another source of error, the compression of the sample. This
_ error, while affecting different materials in different ratios is unidir-
ectional since compression always occurs from above and will result in-

measured depths being slightly deeper than actual.

4.4 Stratigraphic analysis

Stratigraphy was described in the field according to the scheme
proposed by Troels-Smith (1955). It is considered essential that general-
"ization of stratigraphic description should begin at a secondary stage. If,
for examp]e, an intercalated péat layer is described initially as a single
unit the possibility of establishing information regarding tendency of
. water-level movement from evidence within such layers as shown by Tooley -
(1974) is denied. Similarly if a minerbgenic layer is considered a single
entity in a coastal context it denies fhe possible recognition of dfscrete
events such as storm surges which although common have left little trace in
the sedimentary record, a fact remarked upon by wa]cott_(1975).' A1l changes
in stratigraphy have significance and only additional work can differentiate

“the scale on which'they operate.

This leads to a related point of objectivity. Stratigraphic subdivision
and description must be undertaken without reference, implicit or ekp]itit, to
any model of formation. The dangers of only finding evidence to support such

schemes or models are obvious here.

The Troels-Smith system for characterizing unconsolidated seaimgnts
(Troels-Smith 1955) is a procedure with widespread applicability since it
is based on the assumption that each basic unit of stratigréphy or stratum,
once designated,is a mixture of a limited number of elements (depos{t
components) which can be described and summed to arrive at a simp1e.char-
acterization. It has gained increasing acceptance as a descriptive tech-

nique and was recommended in 1974 for use by 1.G.C.P. Project no.61 and
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more recently for I.G.C.P. Project no.158.(Aaby 1979).

There are problems, however, with its application principally in the
characterization of‘the matrix of tﬁtally humified microscopic organic
material which surround the recognizable macroscopic remains in a peat
deposit or is in association with minerogenic componenfs in an organic’

clay. Troels-Smith gives two main alternatives : Substantia humosa (Sh)

consists of completely diéintegrated and decomposed organic matter without
macroscopic structure. The term can be used in a descriptive sense when

the origin of the material cannot be stated with certainty. Limus humosus

(Ld4) is similarly made up of microscopic particles of organic material but
results from sedimentation in water. This is a genetic interpretation,
however, and departs from the original jntention to provide an objective
descriptive scheme. Obviously a gyttja or organic lake mud formed entire]y
of material produced from primary productivity within a lake ecosystem may
have a matrix including Ld4. However, Troels-Smith does not define the
depth ar type of water body in which Ld4 is envisaged as being deposited.
'At the other extreme it could be applied to mean organic deposition almost
in situ in a few centimetres of an ephemeral water body. This raises
questions over the transition from Sh to Ld4 and to avoid .confusion

Substantia humosa has been used to describe the totally humified organic -

matrix of any given deposit without regard to its origin.

The signatures used in the stratigraphic diagrams have the same
meaning as originally proposed though their arrangement has been altered.
Trace elements are omitted and the stratigraphic column is divided into
four, each symbol representing 3 presence in the deposit. This refinement
is simply to reduce the time-consuming and difficult practice of drawing
 the symbols to the original specification-and to provide a consistency with

the computer-drawn diagrams.
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In addition to field stratigraphic analysis, a supplementary technique
has been the analysis of material retained on.180 uu sieves. during prep-
aration for pollen ang]ysis. Though.not carried out in such a forha] or
quantitative sense as proposed by Berglund (1979) each level was assessed
on a 4 point scale for deposit components and interesting plant macrofossils

extracted, many of which were kindly determined by Dr. P.A. GreatRex

. 4.5 Pollen Analysis

Preparation of samples followed established procedures (Appendix I).
Prior to chemical treatment,however, Lycopodium tablets were added to a
known voiume of sediment allowing the pollen conéentration technique of
Stockmarr (1971) to be used. Routine couﬁting was carried out on a Zeiss
photomicroscope at a magnification of 625x with critical identification under
oil-immersion possible up to 2500x. The standard pollen keys of Faegri
and Iversen (1964) and Moore and Webb (1978) were used in conjunétion with

an extensive type-slide collection.

The countiﬁg procedure adopted involved the systematic traversing of
each slide until 200 Lycopodium spores had been registered (400 at BY3B).

The basic pollen and spore data for each site are tabu]afed in Appendix I.
The following should be noted :

- Corylus and Myrica pollen were not differentiated and are grouped

accordingly undér Coryloid.
- Cerealia type is taken to represent Gramineae-type pollen with a -~

diameter over 45 uu.

- Betula nana pollen was not differentiafed from Betula as suggested
by Birks (1968) though a number of grains suggestive of Betula nana

encountered at the Tower levels at Arcan Mains and Barnyards.

- Typha angustifolia type inc1udes'Typha'angustifo]ia'and'SparQanium.
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Many attempts have been made to auantify the relationship between
sediment 1itholo§y and pollen deterioration (Havinga, 1964, 1967,.Sangster
and Dale 1961, 1964). Differential pollen preservation is an important
question to which attention must be-giVen if one of the goals of'pollen
analysis is held to be the reconstruction of past vegetation assemblages.
Most bo]len studies attempting to describe the various forms of deterior-
ation and their relationship to depositional environment have tended to
focus on the Late Devensian (Birks, H.J.B. 1970, Cushing 1967, Lowe and
Walker 1977) and in fully marine sediments (Stanley 1966). None have
concentrated on coastal environments showing intercalations of péat on

- marine silts and clays.

A1l pollen Qrains encountered, save those from Arcan Mains, were
“classified as determinable or indeterminable. The determinable category
was then identified and counted as normal, though registered as either

| ~ corroded, degraded, broken, folded or well-preserved. Where one-igrain
exhibited more than one aspect of deterioration a subjective decision was
taken regarding the more important forﬁ.‘ Unknown grains formed a subset
of determinable grains. The indeterminable grains were also listed

separately as corroded, degraded, broken, folded and concealed.

Indeterminable and unknown'po]]en grains are represented at the
right hand side of each pollen diagram, whilst the determinable group is
included separately in the summary diagram for each site. - It must be
noted, however, that while a relationship between sediment Tithology and
pollen preservation is intuitively obvious it has rarely been convincingly
‘demonstrated perhaps, in part, due to the variety of factors operating on
a pollen grain en route-to deposition and subsequent to deposition. The
multitude of depositiona] environments through time and space in a coastal "
area exhibiting a migrating coastline, togéther with differential

susceptibility of different pollen types to different forms of degradation,
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must mitigate against such a simple relationship.

Correction factors ('R' values) first described by Iversen (1947 in
Andersen, 1973) and also by Davis (1963) have often been used in an attempt
to correct for differential pollen ﬁroduc@ivity and dispersal to facilitate
the use of pollen frequencies in reconstructing past vegetatioh assem-
blages and their change through time (Andersen 1970, Birks 1977 in Tooley
1981). Most work has been undertaken in mixed woodland using‘present day
measures of vegetational area and surface pollen frequencies. Several
problems are encounteréd.here whgn applying such factors to fossil pollen

spectra. :

- with a range of possible pollen source strengths and a range of
possible distances from the sampling site, the same recorded frequencies
can be m;de up of an infinite number of combinations of pollen source,
strength and distance. This means, in effect, that unless the distance and
strength of a pollen source are known, correction factors cannot strictly
be used to convert pollen frequency recorded at the sampling site into a-
measure of the abundance of the taxon which produced it in the contem-

porary vegetation (01dfield 1970).

- in reality Tittle such work hastbeen accomplished and the rep]ic-
ability of such correction factors in other geographic areas and different
enyironments, especially those which gave rise to peat layers intercalated
with marine facies in low-lying coastai areas must be questioned.

Accordingly, no correction factors are used in this study.

A11 pollen counts were proceésed using the computer program NEWPLOT
developed at Durham by Shennan (1980). Various options are available to
calculate and draw 95% confidence limits for taxa within and without a
basic sum, a factor which itself can be Varied.. This enables a wide range
of possible combinations. Iﬁ addition, pollen concentration va]ue; are

calculated again with upper and lower 95% confidence limits.
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Moore and Webb (1978) have shown the need to be aware of the importance :
of choosing the basic pollen sum with respect to the problem in question.

The use of pollen analysis in this study is threefold :

14

- as an independent ége determination to supplement and verify " °C

dating.

- as an indicator of continuous sedimentation, any hiatus in deposition

may'be represented by a marked change in the pollen spectra.

- to outline the environmental changes shown by vegetation communities

consequent upon transgression and regreésion.

The first use relies implicitly on the age connotations bf the regional
pollen rain whilst the third needs a treatment that will emphasize the

predomipant]y local and extra-local component.

In a coastal environment which has not been continuous]y.Wooded
during the Flandrian Age since it comprises an écotone a]ternate]j favouring
the extremes of marine and terrestrial regime, a basic sum is ﬁeeded that
will not over-emphasize the local component when the regional arboreal
component is small. A sum based on total pollen - in this case total land
" pollen + gfoup (%TLP + Group) - is therefore proposed. With pollen concen-
tration forming another Tine of evidence it is felt that sufficient material
is available to attempt to answer questions posed by the use of pollen

analysis in this study.

In certain parts of Scotland it has become accepted that the pollen
.zones defined by Godwin (]940) for England and Wales do not apply. Connot-
ations of synchroneity, climatic equivalence and a parallelism in vegetation
development inherent his scheme became established underpinnings contrary -
to the 6rigina1 intention. In order to consider more easily the obvious
regional differences found in periphera]gparts of fhe country and to avoid

misleading correlation, R.G. West (1970) advocated the adoption and use
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of the Assemblage Zone in pollen stratigraphy. Based entirely on the
presence and relative proportions of its constituent fossils it is indep-
endent of any of the assumptions that became inherent in Godwin's scheme.
This method, now widely used, has been of great value in illustrating the
patterns of regional difference in Flandrian vegetational history (Birks,H.H.

1970, 1972a, 1972b, Birks, H.J.B. 1973, Peglar 1979).

The approach provides a useful and fiexible method of correlation.
Local Pollen Assemblage Zones (LPAZ) defined solely with respect to locally
derived pollen may be correlated with a Regional Pollen Assemblage Zone
system (RPAZ) defined after inspection of other available pollen profiles
from the area showing similar successions and comparable assemblages
(Birks, H.H. 1970). A further stage in this biostratigraphic correlation
is for Regional Pollen Assemblage Zones to be tied to a formally designated
chronozone system comprising radiametrically dated pollen zone boundaries

at a type site (Hibbert et al. 1971, Hibbert and Switsur 1976).

However, the use of chronostratigraphy has been questioned by Lowe
and Gray (1980) who suggest the scheme does not adapt itself to the
essentially time-transgressive nature of vegetational change since being
isochronous surfaces, chronozone boundaries when traced laterally will be
out of accord with times of significant environmental change, one of the
original problems in Godwin's scheme. Similarly, there are problems in the

representivity of type sites or reference sections over large areas.

The type of study proposed for the Moray Firth area differs in some
respects to the ideal circumstances for pollen assemblage zone construction
and correlation. The type of site investigated is different in behaviour
with respect to pollen recruitment to the large lake and bog sites tradit-
ionally used to define Regional Pollen Assemblage Zones. In addition there
have been few pollen sites studied in the Moray Firth coastlands which

could provide a basis for the establishment of an RPAZ system. The procedure
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adopted here will be to define several LPAZ for each site incokporatjng-
changes in the whole pollen spectra since it is felt that the construction
-of a local-regional hierarchy for the Moray Firth is not merited at present.
A Local Pollen Assemb\ége Zone system is seen as having certain advahtages
in that it is flexible and allows for local variations which mdy be expected

in the area of diverse habitat under study.

The_zones,described in the next 6hapter. are considered to be of
“Tocal significance only and are numbered (ﬁot named) following H.H. Birks
(1970). Zone boundaries are placed where simultaneous changes appear to.be
taking place in a number of pollen types. The program NEWPLOT (Shennan

1980) in calculating 95% confidence ihterva]s provides an-admirable tool

for zonation in that two levels that exhibif no overlap of confidence
‘intervals in any particular taxon'(that is they are statistically different .

at the 95% level) are more likely to show real rather than random differences.

" 4,6 Diatom Analysis

Samples were treated with 30% warm hydrogen peroxide tolfemove organic
~matter. A random sample of distilled water and sediment were then dried

on a No.1 22 x 22 mm. coverslip and mounted in Microps 163 mountant. The
analyses were carried out on the same microscope as for pollen identifjcatibn,
routine cbunting was undertaken at 625x and critical identifications Were
carried out under oil immersion up to a magnification of 2500x. At.least

- 200 valves were counted at all levels. tNo absolute diatom analyses weré

carried out.

The main references used for identification were Cleve-Euler (1951-5),
Hendey (1964), Hustedt (1927-62) and van der Werff and Huls (1958-74) with

nomenclature following Cleve-Euler unless otherwise stated.

It is recognized that classification of species into life form classes

and especially salinity group{ngs will in some cases be arbitrary. There is
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no-general agreement on such classification, in many cases authorg-are at
variance concerning specific.a11ocations. Overall there is a shortage of
information on the ecological tolerances and preferences of most taxa even

though there have been great advances in the numbers of autecologicé]

studies (Battarbee 1979).

There are two salinity classifications in use at present. Hus tedt
(1927-62) developed the Halobian system in which there are five groupings
ranging from polyhalobous through mesohalobous, halophilous, oligohalobous
indifferent to halophobbus. The salinity classification proposed by van
der Werff and Huls (1958-74) has been used for this study. They identified

seven groupings according to the chloride ion concentration in water -

Marine (M) " >17,000 mg. C17/1
Marine-Brackishv(MB) | 10,000 - 17,000 mg. C17/1
Brackish-Marine (BM) ~ 5,000 - 10,000 mg. C17/1
Brackish (B) | 1,000 - 5,000 mg. C17/1
Brackish-Fresh (BF) 500 - 1,000 mg. C1 /1
Fresh-Brackish (FB) 100 - 500 mg. C17/1
Fresh (F) < 100 mg. C17/)

Diatom frequencies can be expressed as a percentage of the total
»valves counted or special sums can be constructed as in.pollen analysis,
for example Kjemperud (1981) uses total valves - Fragilaria spp. as a basis
for calculations. Since all fossil diatoms exhibit the property of

" thanatacoenosis and are essentially allochthonous, having been transported
and redepositéd subsequent to death, there is perhaps some merit in con-
structing a basic'sum of benthonic valves in the underlying hope that this

will more readily reflect the environmental conditions of deposition.

Eronen (1974),among othefs, has noted that the large fluctuations in

individual curves may well répreSent many factors, including primary
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productivity, differential deposition and survival and perhaps also reflect
the mosaic of microhabitats that are potentially available on a salt marsh
surface within a very Timited area. . Stress is.therefore to be laid on the
interpretation of overall changes in the assemblage rather than on individua]

curves.

Van der Werff and Huls (1958-74) have proposed a qualitative approach
based on the number of species present within each salinity class and
represented as a percentage of total species in an attempt to overcome

irregularities in individual diatom curves. This method gives no weighting

to frequency of occurrence of individual species as once a species has

been identified, further occurrences are ignored.

There is no agreed method of representing either individual species

or classes of species. Shennan (1980) has drawn attention to the variety

~ of ways information can be enumerated and presented in a qualitative or

- quantitative way. In sea-level studies diatomfana]yses have often

provided evidence for succession or retrogression in assemblages consequent
upon an increase or decrease in the marine effect. When so 1little is

known about the autécology and community ecology of littoral and marine

~diatoms and so many permutations of representation are available, great

care must be taken in the objective presentation and interpretation of

diatom data.

In this study several different methods of representing diatom counts

. will be used. A1l diatom counts are given in Appendix II. The computer-

drawn diagram shows individual species calculated as a percentage of total
valves with unknown valves and species outside the sum. The species are
arranged from left to right following the seven salinity classes of Van

der Werff and Huls and within each class according to life form c]ass_i.e.
benthonic, epithytic and p]gnktonic.- Within each of these secondary classes

the taxa are arranged alphabetically. In addition, a summary diagram is
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presented for eéch site showing diatom data in six ways. The fiﬁst.four
sections show taxa according to salinity class with a basic sum calculated

as % total valves, % benthonic + epiphytic valves, % species and % benthonic +
epiphytic species. fhe Tatter tWo show taxa summed according to life form
class with a basic sum calculated as % total valves and % total speéies
respectively.  This departs from the treatment given by Shennan (1980)

since it is considered that removal of'fhe planktonic element only will give

a better approximation to environmental conditions’during depositioh of the
sedihent. Zonation of the diatom diagrams has been carried out in exactly

the same manner'as for pollen.

- 4,7 Grain size analysis

The procedure adopted invelved standard dry sieving and sedimentation ™
- techniques as described in the British Standards Institution Haﬁdbook

(BS 1377:1967). The technique tends to amplify the amount of coarse silt
in the fraction since it is determined by sut'traction from the amount of
material retained on sieves above 0.075 mm. (fine sand + coarser material)
added to the amount of medium silt + finer material calculated by sedim-

entation. In reality this means it encompasses the size range 0.02-0.075 mm.

The amount of material needed, 30-50 g. may also mask important
changes, for example sampling a laminated sediment is of little use due to

.the averaging effect.

The data are shown in simple percentage frequency - depth diagrams

incorporated in the site summary diagrams.

4.8 Radiocarbon Dating

It is probably the case that rot enough attention has been paid in
sea-level research to the errors involved in radiocarbon dating and the
inferences that can and cannot be drawn from the final date. This section

will consider the uncertainties in radiocarbon dating and in barticu]ar
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their effect on sea-level index points.

4.8.1. Variations in ]4C/]2C ratio

14 12

Variations fhrqugh time and space in the proportions of " C to ~C

in atmospheric carbon dioxide first suggested by de Vries (1958) are now
well established as fact. Traditionally the method used to determine the
character of the changes in ratio which cause calculated radiocarbon

years to deviéte from calendar years has been to date samples of known age
such as those provided by a fixed tree-ring time scale. Suess (1970) |
provided a calibration curve that exhibited an oscillating course, though as
in seé-leve] studies thére is an alternative school of thought that consider
the 'wiggles' can be covered by experimental error, their amplitude often
being smaller than the limits of error of many laboratories. Clark (1975)

']4C activity

for instance suggests that the relationship between specific
.and calendar years is best described by a smooth curve. The direction and
rate of change in the relationship is. still not agreed upon. Pearson

et al. (1977) state that although -

'it is 19 years since the de Vries report there is still no
satisfactory experimentally-derived calibration curve that
can be used unamb1guous]y to convert rad1ocarbon ages to
calendar dates' (p. 25)

Their precise and exhaustive work on a 1,200 yr. section of a

2,990 yr. floating tree ring chronology derived from sub-fossil.oaks in
Northern Ireland does not show any of the 'wigg]es' predictéd by Suess

for the time period investigated. Suess (1980) has recently confirmed the
existence of short-term low amplitude oscillations in specific ]4C activity
with time and using Fourier analysis suggested there were cyclic, non=- . .
. random features to the variation, including a 200 yr. component. In
addition, the oscillations were found to exhibit a steeper rise (c. 1%
in 20 yrs.) than fall (c. 1% in 40 yrs.) and to be largely independent of
geographic location.
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14

The causes of secular change in specific ~ 'C activity hawalso been

under intensive study and work has tended to concentrate on two main aspects,

variations of the rate of 14

C production in the atmosphere and reservoir
changes within the global carbon cyé]e. Stuiver and Quay (1980) suggest
that modulation of the cosmic ray flux arriving in the upper atmosphere

by changes in the magnetic properties of the solar wind and the interaction
‘closer to earth of the incoming cosmic fay flux and the earth's geomagnetic
field can between them best explain changes in the'atmospheric ]4C

record - wfth climatic change having only a secondary effect. Siegenthaler
| et al. (1980) however emphasized the influence of changes in the global
carbon cycle, prompted by climatic change, to explain the variations in the
]4C record. The three main carbon reservoirs of the ocean, atmosphere and
biosphere have undoubtedly bgen greatly affected by climatic change on

the glacial-interglacial sca]é. They conclude that during phases of rapid
climatic variation, such as during thg Late Devensian - Flandrian transition,

rates of change of 14

C 1n the atmosphere of the order of 1% per century
may have been caused by rapid changes in the ocean circulation pattern.
During more stable times, however, other changes in the carbon reservoir

system are unlikely to explain fluctuations such as the Suess 'wiggles'.

Empirical evidence, for example, by Oescheger et al. (1980) provides .
supporting evidence in that detailed ]4C analyses from peat profiles in
'the Wachseldorn area of Switzerland point to a compression of the ]4C
time scale during the Younger Dryas caused perhaps in part by variation in
the ]40/]26 ratio. Similarly, the datiﬁg of the Late Devensian - Flandrian
boundary in Scotliand has shown a great variation in ages even from such a
small geographical area as Rannoch Moor (Lowe and Walker 1980) in'sp{te of

a consistent sampling strategy again suggesting a contributory factor may

well have been variations in the 14C/]ZC ratio.

In sea-level studies few dates have been determined for the period
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]4C activity through time

18,000 B.P. to 10,000 B.P. and changes in specific
have rarely been taken into account. However, for Flandrian index points,
where close sampling of radiocarbon dates indicates an age inversion, then
perhaps in addition to the many other possible causes, variation in the
14C/]2C ratio may be.a factor. In eastern Scotland at least tw0'sites,'-
Fullerton near Montrose (Smith et al. 1980) and Silver Moss, East Fife
(Morrison et al. 1981) dating of the 'middle' peat layer above a marked

~ grey si]ty fine sand layer and below the traditional 'carse clays' has shown
age inversion with depth on closely spaced samples. While accepting the
“views of Pearson et al. (1977) above, it is interesting to note thaﬁ the
computer-drawn diagram of Suess (1980, fig. 3) showing variations in the

]40 level during the past 8,000 years has a pronounced maximum

atmospheric
at c¢. 7250 B.P. falling tb a minimum at c.6750 B.P. with oscillations

at ¢.7075 B.P. and c. 6850 B.P., the absolute change of which appears to
be as great as any since, save for the recent man-induced variations such
as the Suess effect. The age of the inverted determinations lies between
6880 £ 110 B.P. and 7310 = 100 B.P. and the effect of such a rapid fall in
]4C content during this period would be to make 61der samples younger and

younger samples older.

4,8.2. Isotopic Fractionation

| The different isotopes of carbon have different masses, ]4C has a
mass 15% greater than 13¢ (Ogden 1977) and will therefore be absorbed
differentially by living matter so that most living tissue is deficient in
14 13 in the

13C by

C with respect to the atmosphere. Using the ratio of ]ZC to

'PDB limestone standard, most terrestrial material is deficient in

13 14

c.24-35%.and knowing the relationship between "“C and " 'C it is an easy

matter to use a correction factor to account for differential isotopic

fractionation. It is customary for dating purposes that all ages should

13

be adjusted or normalized to a & °C value of -25%..
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In sea=level studies this normalization will mean a considerable

]3C values for commonly

adjustment. Olsson (1979) provides a table of §
dated samples and their mean age correction required. Marine shells need
a correction factor of c. +400 years; foraminifera c.+380 years, Brackish
water shells c.+260 yeérs, peat c.-30 years and gyttja c.-15 years. In
addition, salt marsh_p]antg such as Spartina sp. operate on a different

14C preferentially

carbon+fixation cycle (C4) and will take up the heavier
so that if dated the result could be too young by 150 to 300 yrs. compared

to wood samples (Stuckenrath 1977).

Use has often been maderf the stated 613C value to differentiate

between aquatic and terrestrially synthesized carbon. The arguments of

]30 value of

Sutherland (1980) are relevant in a coastal context. A §
-27.2% as at Barnyards 3B (Hv 10.010) does not suggest a lack of carbon

from salt marsh taxa. The value is an average and could include :a proportion
of salt marsh plants which would tend to produce a young age. Theoretically

a dated index point could contain 50% terrestrial material with a §]3C

value of -34% and 50% salt marsh material at -15% which would give a §
value of 24.5% which is well within that generally accepted for the range of

terrestrial material.

4.8.3. The Reservoir Effect-:

Due to the slow mixing rate of the oceans,‘marine organisms fix
carbon that can be up to 400 years old in the case of the North Atlantic.
With marine molluscs it has often been suggested that the correction for
isotopic fractionation (c.+400 yrs.) and the reservoir effect cancel each
other out and should be ignored. Thié is a bad practice and as 0Olsson
(1979) suggests the two corrections should be kept separate, although being

roughly equal but in opposite senses.

In the context of a salt marsh peat the species that fix carbon
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through the C4 Cyc]e could also be drawing on carbon in water supplied by
tidal inundation that has a slight reservoir effect. Dating an admixture
of terrestrial and salt marsh peats could involve differential reservoir
effects since once péat begins to form above the tidal range the plants
that form it would use fresh water with little reservoir effect. In
sampling material to produce index points, therefore,care should be taken
not to sample across stratigraphic bouﬁdéries since these may incorporate

material from different carbon exchange reservoirs.

4.8.4 Contamination

A1l obvious macro fossil contamination was removed from the samples
and coring equipment was cleaned before each sampling run. The larger
visible pieces of Phragmites and woody detritus were removed by hand sorting )
to minimize the risklof contamination by younger or allochthonous material.
With Phragmites Streif (1972) haé reported age différences of 845 : 210
14C years between the rhizome and matrix fract%ons and van de Plassche.

(19803 has noted a similar younging effect of c.400 years.

Alternatively contamination by small amounts of very old carbon '
cannot be ruled out, especially when the sediment is to some extent inorganic.

Baxter et al. (1980) indicate:

'the need to consider natural fossil carbon contamination as a
potential and significant source of error in dating
sediments'. (p. 36).

However, their work was carried out in the Clyde Sea area where many
coal seams outcrop along the coast and in the catchment. The Moray Firth

area is devoid of coal measures save for a small deposit near Brora.

Finally Sutherland (1980) has mentioned other sources of contamination
that could affect ]4C determinations on index points, including sediment
mixing, bioturbation, percolation of humic acids and the ‘hard water' effect

where submerged aquatics fix old carbon in a freshwater lake, the old



-106-

carbon coming from calcareous groundwater seepage or simply the reservoir

_ efféct of a water body.

4.8.5 Thickness of sample

Sample thickness Was kept to a minimum to reduce the averaging
effect of including older with younger organic material. Sutherland (1980)
has shown that since radiocarbon decay is exponential it tends to weight
the 'average' age towards the younger end of the sample. Obviously the
sedimentation rate of organic material is-important here, the higher the
| rate the less the younging effect. Similarly, compaction may well affect
this factor and will tend to weight the averaging effect to the o]dér |

_portion of the sample.

The maximum sample thickness used in this study was 0.06 m. which
afﬁer'removal of obvious contamination, younger roots and allochthonous
material usually gave a wet weight of 50-75 g. -While this is not recognized
as ideal it must be noted that often the (prdaiseworthy) effort in achieving
small sample thicknesses (Walker and Lowe 1979, Lowe and Walker 1976, 1980,

Morrison et al. 1981) is not rewarded by a corresponding accuracy of result.

4,8.6 Laboratory error

Few ‘laboratories quote errors otﬁer than those resulting from the
_ random process of radioactive decay which usually includes the sﬁm of
background, standard and sample errors. Indeed Pardi and Marcus (1977)
suggest that quoted standard deviations may underestimate the actual |
physical measurement errors quite considerably. Pearson et al. (1977)
investigated and corrected for eight signifjcant error sources in the
physical determination and their 25 yr. standard deviation on a]i
determined ages covered all errors in experimental procédure. Somé
errors such as background variation with barometric pressure could have

caused an error of up to IOQ years. Care should therefore be taken in
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accepting the standard deviation given with each date as a measure of the
absolute accuracy of that date. One way to overcome this would be to use -
' rep]icéte sampling with different laboratories but the cost of such an

~ exercise would be prohibitive.
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CHAPTER 5

'SITES INVESTIGATED

5.1 Barnyards

The Barnyards site is located at the head of the Beauly Firth 20 km.
east of Inverness and 0.5 km.. north of Beauly itse]f. It Ties north-west
of the Kirkhill ridge on the ]arger‘section of the Beauly carse which
rises from the Beauly river at c.2 m. to ¢.10 m. at which altitude the
Flandrian marine deposits wedge out against a marked break in slope. No
detailed work has been published on the Flandrian stratigraphy of thg area.
Wallace (1883) reported the discovery of mussels and other marine molluscs
in gravels at Wester Lévat and thind the schoolhouse at Beauly. Eyles
et al. (1946) made reference to a trial pit excavated for brick-ciay in
the Beauly area on Barnyards Farm. The stratigraphy was recorded as

follows:-
Brown clay (including topsoil) c 6 ft. (1.83 m.)
Grey clay c 5 ft. (1.52 m.)
Peat ' c 1 ft. (0.3 m.)

To the north 1ies the Muir of Ord outwash terrace mapped by Ogilvie
(1923) and J.S. Smith (1968) which terminates to the south and east between
Tomich and Tarradale in a prominent erosional notch, the backslope of which
" rises in altitude from c 10 m. to ¢ 23 m. Exposures in the terrace prove
its disial'end to be comprised mainly bf sand, and a relict sand bar,
presumably derived from the outwash projects southwards from Tomich

towards Beauly reaching a maximum aititude of c.9 m.

To the south at Balblair an impressive delta is graded to a sea- -
level at c. 26-28 m. Exposures of foreset.bedding capped by topset
bedding in Balblair Quarry, together with an ice contact slope to the
south west in Balblair wood,suggest an ice marginal delta prograding into

the Beauly Firth at an altitude of 26-28 m. and fed by a glacier f]owihg
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Fig. 5.1 Barnyards site map
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down the Beauly gorge (Synge and Smith 1980).

The Beauly Firth itse]f 1s.a complex estuary. The dominant fea;ure
to the east is the outflow of the rivér Ness which not only flows eastwards
to the sea, but also westwards, at f]ood tide, into the inner Beauly Firth.
West of a Tine from Charlestown to the outlet of the Caledonian canal
the estuary has a reversed water qirculétion with upper water moving
westwards and deep water moving slowly eastwards (Craig and Adams 1969).
Freshwater input to the Beauly Firth is therefore quite considerable and

can be from two directions.

The configuration of the firth is also important to tidal movements.
At the Kessock narrows the constriction can often produce surface tidal
streams of 4 knots on ebb and flood tides. Tidal range measured at
Inverness is 4.1 m.. (springs) and 1.9 m. (neaps) with MHWS reaching 4.8_m.0.D.
(Admiralty Tide Tables 1981). It is not known if tidé] range increases
" eastwards towards Beauly. In the Tay estuary, %or example, a fall in

tidal range is recorded in the inner eétuary (Williams and Nassehi 1980).

5.1.1 Barnyards stratigraphy

21 boreholes were put down, all except two, BYl and BY6 in a transect.
normal to. the break in slope and 0.8 km. in length. The locations of the
boreholes aré given in figs. 5.1 and the stratigraphy is shown diagram-
matically in figs. 5.2 and 5.3. The majority of the transect shows a
¥Y1,2 profile with a Tower marine‘c1astic sequence overlain by a splitting-
up sequence capped by an upper clastic sequence. BY14A, BY14B and BY15
show a Y1, {} profile, BY16-a Y1,12, BY17 a Y1,10 and BY18 an X1,18
profile. It is not known however if part of the clastic cover sequence in

BY16 or the intercalated silty clay layer in BY17 relate to a marine event.

In 5 boreholes, BY13B, 14B, 15, 16 and 18 the basal deposit

encountered comprises pink silt, sand and gravel, some gravel being quite
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Fig. 5.2 Barnyards stratigraphy.Boreholes
| BY 8 to BY 18
.

-Fig. 5.3 - Barnyards stratigraphy: Boreholes
BY2 to BY7 '
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coarse - up to 40 x 25 x 20 mm, at BY14B. It is considered to represent

the surface layers of a till deposit, the colour and composition of which
are derived from the local 01d Red Sandstone conglomerate, The till

surface slopes sharply south-eastwards away from the break in slope with

a gradient of 39.6 m./km. (based on only 4 boreholes). If projected this
would result in a depth of the boulder clay surface of ¢ -25 m. 0.D. at BY2.

bver]ying the till is a complex series of grey marine clays, silts

- and sands up to 5 m. thick in BY13B. In this borehole the sequence |

. comprises three units, 67 cm. of light grey silty clay overlain by 72 cm.
grey silty sand and succeeded by 361 cm. of grey silts and clays, a

finer - coarser - fingr succession that is repeated elsewhere in the area
(e.g. at Moniack). -Above thé ti1l at BY14B, 15 and 16 only the latter

two units are represented, the coarser grey silty sands with the finer

grey silts and clays succeeding them. Bareholes BYZ to BYI3A only penetrate
the upper unit of the ;uccession. More detaiied analysis of the stfatigraphy
at BY3B including particle size analysis revealed a grey sandy silt with
laminations of lighter grey silty sand. It is not known if such 1ahinations
are present‘elsewhere-at Barnyards within this unit since the method of
sampling precludes thg confident identification of thin laminae because

the gouge sampler tends to destroy finer structures.

Above the ghKU sequence rests a widespread layer of peat encquntered
in all boreholes except BY1, 2 and 18. In general it thickens in a
landward direction ranging from 4 cm. at BY5 to 129 cm. at BY14B and BY15,
while the altitude of the regressive overlap varies from 1.94 m. at
BY3B to 8.76 m. at BY14B, a slope of 6.32 m./km. (based on 17 boreholes).
The composition of the peat layer also var{es along the transect
and an ecological. gradient is apparent. At BY3B where the layer'is
17 cm. thick it comprises a well-stratified Phragmites peat with little

internal variation. At BY14B the peat layer is 129 cm. thick and comprises
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three distinct units, a lower monocotyledonous peat 10 cm. thick overlain by
a well humified peat including wbody detritus of 68 cm. in turn overlain

by another monocotyledonous peat 52 cm. thick. It is usual for the tran-
sition zone between the underlying grey &arine sequence and the 1ower'peat
to be extremely thin. At BY3B the trangition is marked over lcm, hbwever

at BY14B the zone is more gradual with an intermixed peat and silty clay
stratum (stratum 5) perhaps representing a reworked peat ball (Greensmith

and Tucker 1973) beneath the lower peat proper.

.The transgressive overlap has a gradient of 7.43 m./km. (baséd on

. 17 boreholes) though this is undoubtedly affected.by a number of erosion
contacts. Evidence for erosion of this peat layer can be seen in a number
of boreholes. At BY7 the peat layer is c. 1 m. Tower than surrouqding
boreholes and has the charactef of a mixed organic and minerogenic deposit,
perhaps representing the fi1l of a small channel. Sﬁpporting evidence
comes from BY5, 6 and 8 which'éhows a marked th%nning of the peat layer

to 6, 4 and 6 cm. respectively with an increased minerogehic component
within the peat at BY6. The existence of a former channel in the area of
these boreholes is inferred. At BY14B the top of the lower peat is clearly
eroded with a large p{ece of gravel, 55 x 40 x 26 mm. resting uﬁconformab]y
on thé peat surface. As this borehole is near the shoreline of the clastic
deposit between the lower and upper interfingeping peat layers, increased

erosive activity is expected.

The altitude 6f the transgressive overlap varies from 2.11 m. at
BY3B to 7.88 m. at BY14B, a rise of 5.77 m. As ‘the peat layer exhibits a
marked decrease in thickness seaward a linear regression for both
transgressive and regressive overlaps was performed with distance from

BY18 as the independent variable.

The solution of the equation for the 1imit of biogenic sedimentation

when T = R is +2.18 m. 0.D. at a distance of 744 m. from BY18. BY3B, the
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site chosen for further analysis is 750 m. from BY18 and the thin peat -
layer is at 1.94 - 2.11 m. 0.D. close to the extrapolated limit of

biogenic sedimentation. The regression equations comprised:-

TC = 7.708 + -0.00743 Dist r = -0.98 n = 17
RC = 6.883 + -0.00632 Dist r = -0.98 n = 17
BC = = -0.99 n = 4

8.26 + -0.0396 Dist r

Overlying the lower peat and underlying the upper peat at Barnyardé
is a succession of marine clays, silts and occasionally sand. The
succession is characteristically divided into three facies units at
Barnyards. Directly above thg lower peat, apart from localities erodedffy :
later channe]]ingland'wave aéfivity are grey silts and clays which range
in thickness from 57 cm. at BY13B to.199 cm. at BY7. Particle size
analysis at BY3B (fig. 5.8) shows them to be composed of_g.SO%'goarse
silt, 15% medium silt, 10% fine silt and 25% clay. The second unit of
these interfingering clastic deposits is found only in boreholes BY2,
3A, 38, 4, 5, 6, 7, 8, 9 10 and perhaps 12 (figs. 5.2 and 5.3) where
coarser sandy silts and silty sands overlie the finer greyer si]ts and
clays. Whether this unit represents an erosive event is diffjcu1t to
ascertain since the gouge samper used makes the identification of erosion
.contacts difficu]t, however, the upper and lower boundaries do show a

markedly gentler gradient rising.from 4,73 m. at BY2 to 6.27 m. at BY12.

Above this coarser layer lie finer orange and yellow iron-stained
silts. This iron-stained unit can be up to 220 cm. thick as at BY3B
and often contains iron concretions of fine gravel size. It is
interesting to note that where an upper pedt overlies the marine clastic
sequence in boreholes BY14A, 14B, 15 and 17 there is no trace of iron-
staining which suggests that a condition'of permanently high groundwater
tevels occurred. The division of this marine clastic sequence into an

upper orange-brown iron-stained layer and a lower grey unoxidized layer
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suggested by Eyles et al. (1946) above has also been reported from the
carse clays of the Forth Va]]ey (D.E. Smith 1968).

In three boreholes BY14A, 14B and 15 an upper peat layer overlies
.the marine clastic deposits and completes the gqhA sequence in these
boreholes.- The peat 1a)er vafies in thickness from 22 cm. at BY14A_
to 122 cm. at BY15, thé altitude of the regressive overlap yarying_
from 8.65 m. at BY14A to 8.70 at BY15. 1In BY14B there is a lower monocot.-
peat with Phragmites of underlying a woody detrital peat and overlain |
by a monocotyledonous peat. The layer is not present in BY16, hefe
a dark grey silty sand and gravel is overlain by a dark grey silty clay
which may.point to the total erosion of the peat by channelling. It is
not known if.these minerogenic units forming the upper clastic sequence
relate in whole or part to a marine event. Similarly the thin silty
clay unit interfingering with peat 1ayefs at 10.5 m. in BY17 is”of'unknown
origin though for the present it has been classed as terrestrial which

makes the profile a Y1,10 type.

Above the upper peat in boreholes BY14A to 17 and 1ying -unconform- -
ably omr it is a colluvial deposit. This unit is variable in composition
though comprising orange and brown silty sand and gravel up to 95 cm.

thick at BY14B.

5.1.2 'Bargxards 3B

The Barnyards 3B site was chosen for further micropa]aeontd}qgical
analysis since it_is situated near the seaward limit of lower peat |
accumulation. A large diameter core of 48 mm. was retrieved using a
modified Livingstone sampler and levels were selected for pollen, diatom,
particle size, loss on ignition and radfocarbon analyses. The strat-.

igraphy of the core comprised
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cm. m,0.D. Description
0- 92 4.95 - 5,87 Not sampled.

9. 92 -120 4.67 - 4.95  Yellow brown sandy silt with iron-staining.
Ag2 Gal Lfl nig. 1 strf. 2 elas. 0 sicc.3.

155.5 4.315- 4.67 Yellow brown silt with iron-staining
Ag3 Lfl Ga+ As+ nigl strf, 2 elas. 0 sicc.3.1.s.0.

8. 120

7. 155.5 - 191 3.96 - 4.315 .Yellow brown silty sand with iron-staining
Ga2 Lf1 Agl Ast Lfrnig. 1 strf. 2 elas.0
sicc.3. 1.s.4.

- 6. 191'- 220 3.67 - 3.96  Yellow brown and grey silt with iron-staining.
: Ag2 Lf1 Ga+. Asl nig. 2 strf.2 elas. 0 sicc.2.1.s.0.

5. 220 - 248 3.39 - 3.67 _Grey silt with occasional iron-staining.
' . Ag3 Asl Lf+ nig.2 strf. 2 elas. 0 sicc.2 1.s.0.

4. 248 - 376 2.11 - 3.39  Grey silt. Ag3 Asl Dh+ Ga* nig.2. strf.
2 elas. 0. sicc. 2 1.s.0.

3. 376 - 393 1.94 -.2.11 “'Well humified dark brown peat. Sh 3 Th? (Phra.) 1
Ag+ As+ nig. 3 strf. 3 elas. 1 sicc. 3 1.s.0.

2. 393

402 1.85 - 1.94 Grey sandy silt. Ag3 Gal As+ Dh+ n1g. 2 strf.
' 2 elas. 0. sicc. 2 1.s. 3/4.

1. 402 - 440 1.47 - 1.85 Laminated sands and silts with occasional

root channels. Ag2 Ga2 Sh+ As+ Th®+ Dh+ nig.2.
strf. 2 elas.0 sicc. 2 1.s.0. _

5.1.2.1. BY3B_Pollen

35 levels were analysed for pollen between .355 and 430 cm; at 1 cm.
intervals throughout the 17 cm. thick peat layer and into the clastic

layers above and below at 5 and 10 cm. intervals. Low numbers of pollen

grains were encountered in stratum 2, the grey sandy silt directly beneath

the peat layer. However, these levels are included in the pollen diagrams

(figs. 5.4 and 5.5) since the large 95% confidence intervals on the counts
. are indicative of the uncertainty involved. The diagrams have been

divided into 5 local pollen assemblage zones, numbered from the base upwards

and with the prefix BY3.

Pollen counts are tabulated in Append%x I.
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Zone BY3B1 . 430 - 393.5 cm.

The pollen of Eg;glg_and Gramineae dominate the zone with Betula
rising to 49.7% at 420 cm. Gramineaé is characterized by a continuous
curve of c. 15% with no significant changes throughout the zone. The mean
value of Pinus rises from 0.7% at 430 cm. -to 12.5% at 395 cm. though again
" there is no significant change. Coryloid, Salix and Cyperaceae are present
in low percentages and Filicales risesthrqughout the zone from 11.2% at

430 cm. to 58.9% at 394 cm. The sporadic occurrence of-Uimus, Picea,'Ainus '

and Myriophyllum alterniflorum points to reworking under marine conditions.

Concentration values are uniformly Tow, the total being higher in the lower
three levels but never exceeding 50 grains x 10%/cm®. The uppér boundary
is placed at the significant rise in Gramineae from 19.6 to 34.2% and a.

significant fall in Filicales from 58.9% to 8.2% and with increases in the

concentration of Betuia;'Pinus, Coryloid, Salix, Gramineae and Cyperaceae

pollen.

Zone BY3B2 393.5 -'391.5 cm.

Gramineae, Betula and Pinus are the dominant taxa with a high

Chenopodiaceae value of 11.3% at 392 cm. Gramineae reaches 34.2% at

393 cm. Total concentration increases through the zone from 49;9 to -
122.2 grains x 103/cm®. ‘The upper boundary is placed at the rational limit
of the Coryloid pollen curve, a significant rise from 2.2% to 25% and from

12.3 to 100.0 grains x- 10%/cmS.. -

~ Zone BY3B3 391.5 - 384.5 cm.

Coryloid and Gramineae pollen are the most abundant taxé in the
zone. Coryloid values reach 41.9% at 390 cm. and then fall throughout the
zone to 24.9% at 385 cm. The Gramineae curve undergoes a complementary
rise from 14.9% at 391 cm. to 26.2% at 385 cm. but with no significant

change from level to level. The concentration of -Coryloid falls throughout
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Fig. 5.5

-121-

Barnyards 3B, %TLP + Group
Barnyards 3B, Pollen concentration.
Horizontal scale should read 'Taxa Axes

in 10 x 10%°grains/cm® units'
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the zone from 54.0 to 15.2 grains x 10%/cm® between 390 cm. and 385 cm.

Pinus, Salix, Cyperaceae, Chenopodiaceae and Filicales are present in

consistent, if low, percentages. ‘The upper boundary is p1aced'where'I

| Coryloid concentration fa11s from 15.2 to 5.2 grains x 103/ cms.

Zone BY3B4  384.5 - 367.5 Cm.

Gramineae pollen rises from 29.7% at 384 cm. to 49.2% at 372 cm.
but f]uctuates markedly from level to 1eVe1. Coryloid falls more evenly
ffom 27.6% to 14.1% between 383 cm. and 370 cm. The upper boundary ‘s |
. placed at a rise in Pinus pollen froﬁ 5.9% to 15.6% between 370 cm. and

~
365 cm. '

Zone BY3B5 367.5 - 355 cm.

Gramineae, Pinus and Cbry1oid are the dominant taxa with Pinus

recording a maximum of 23.8% at 360 cm. Salix is present in low percentages.

5.1.2.2.. BY3B Diatoms

16 levels were prepared and counted for'diatoms between 365 cm.
and 430 cm. The sampling interval comprises 5 and 10 cm. intervals in the
lower minerogenic 1ayer; 1 cm intervals from 395 to 392 cm. and 2 cm.
intervals into the upper minerogenﬂ:]ayef. The diagram produced (fig.5.7,
see also the summary diagram fig. 5.8) was divided into six local diatom

assemblage zones. Diatom counts are tabulated in Appendix II.

Zone BY3BD1 430 - 415 cm.

The zone comprises only one level and it is dominated by

Achnanthes delicatula, 43.6% and Opephora martyii (21.5%). The upper

boundary is placed at a significant fa]] in both these taxa and a rise

is Paralia sulcata from 7.7% at 430 cm. té 22.4% at 420 cm. The zone is

characterized by fresh-brackish and brackish water taxa.
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Fig. 5.6. Barnyards 3B Diatoms, %Total Valves

Fig. 5.7 Barnyards 3B_Diatom-summary diagram
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Zone BY3BD2 415 - 397.5 cm.

Paralia sulcata rises throughout the zone from 22.4% to 63.4% at

400 cm. Opephora martyii and Achnanthes delicatula disappear from the

spectrum and Podosira stelliger increases to 13.8% at 400 cm. The zone is

dominated by marine-brackish and marine taxa. The upper boundary is placed

where there is a significant rise in Diploneis interrupta a brackish
benthonic species from 14.5% at 400 cm. to 76.5% at 395 cm. There is also

a significant fall in both P. sulcata and P. stelliger at the same level.

Zone BY3BD3 397.5 - 392.5 cm.

D. interrupta dominates the zone,characteristically brackish and low

in species divérsity. It reaches 89.9%'of total valves at 393 cm. P.sulcata
continues to fall throughout the zone and at 393 cm. the fresh and fresh-

brackish taxa Pinnularia subcapitata and Navicula pusilla appear. The upper

boundary is placed at a significant fall in D. interrupta from 89.9% to

32.8% and a complementary rise in P.subcapitata from 1.0% to 24.7% and

 N.pusilla from 3.0% to 24.7%.

Zone BY3BD4 392.5 - 392 cm.

The zone comprises only. one spectrum dominated.by P.subcapitata,

N.pusilla and D. interrupta. Navicula peregrina also rea;hes 7.0%. 'The

" zone is predominantly fresh and fresh-brackish.

Zone BY3BD5 380 - 375 cm.

N. pusilla rises through the zone to 29.1% at 376 cm. though with no

significant change from level to level. D. interrupta and Diploneis

smithii are constant at c. 34% and c. 13% respectively while P.sulcata rises
from 4.9% at 380 cm. to 15.3% at 376 cm. The ?one contains taxa attributable
to fresh,braékish and marine forms in the ratio of 28 = 46 : 26. Although .

there are no significant changes in taxa the upper boundary is located
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where the curve for D. interrupta falls and N. pusilla and P.sulcata rises.

Zone BY3BD6 375 - 365 cm.

N. pusilla reaches a value of 34.5% at 372 cm. and is the most
abundant taxon of the zone with P. sulcata reaching 26.3% at 372 cm.

D. interrupta and D. smithii are consistently present and again it is a

mixed zone containing fresh, brackish and marine forms.

5.1.2.3 BY3B Particle size

Nine samples bulked from 5 cm. lengths of core were prepared for
particle size determination and are shown diagrammatically in fig. 5.8.
Twelve loss-on-ignition determinations were carried out: below and above
the peat layer and are also shown in fig. 5.8. The results of'both

analyses are'given in Appendix III.

Paftic]e size analysis showed a tendenéy for field observation using
the Troels-Smith scheme to overemphasizé the presence of sand. For-
instance between 420 cm. and 395 cm. the largest sand fraction wasl10.3%
at 400-405'cm. Stratum 1 however has been described as Ga 2 Ag 2 implying
50% presénCe of sand. Overall the particle size analysis shows the
minerogenic layers to be dominated by the silt sized fraction with clay
content increasing towards the regressive overlap. An interesting note is
that in BY3B the ghKO or upper clastic sequence, strata 4 - 9 the equiv-
alent of the traditionally term.'carse'clays' contains only 24% c]ay at

365-370 cm, the remainder made up of the silt fraction.

Loss on dgnition resu]fs show the lower marine deposits to be
deficient in organic content, the %loss only reaching above 2% at
393-5 cm. The upper marine clastic sequence however shows a loss of

12.5¢ at 365-370 cm.
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Fig. 5.8 Barnyards 3B Summary  Diagram.

Pollen preservation curve,

A = Corroded
= Degraded
C = Broken
D = Folded
E = Well Preserved

Diatom summary curve, shading as for
fig. 5.7
Pollen summary curve, shading as for

fig. 5.4.
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14

5.1.2.4 BY3B '%C Dating

A 0.05 m. thick sample of Phragmites peat from the regressive overlap

14

was submitted for ''C assay. Full details are given on I.G.C.P. sea-level

computer forms in Appeﬁdix IV. The most relevant data comprised however -

Lab. code Hv. 10010

Depth ‘- - 388 - 393 cm.
Altitude - 1.94 - 1.99 m. 0.D.
Age 9200 ¥ 100 B.P.

-5.1.3 Barnyards 14 B

‘A second site was chosen at Barnyards near to the break in slope
where Flandrian marine deposits wedge out. In addition the upper peat is
sporadic in occurrence on the Beauly carse. At BY14B the upper peat is
51 cm. thiﬁk and the lower peat 129 cm. thick. Even though thé trans-
gressive overlap of the lower peat is clearly eroded it was felt that
further analysis of the site could giQe infofmation on the initiation
of the 'Boreal period' regression and the culmination of Flandrian hariﬁe
deposition in the area. A borehole was put down usfng a_modified
Livingstone sampler and a 48 mm. diameter core was retrieved. The strat-

“igraphy, as described in the laboratory, comprised:-

cm. m. 0.D. Description

0 - 48 9.74 ~ 10.22 Not sampled.
20. 48 - 58 : 9.64 - 9.74 Brown sand and gravel, small patches of

iron mottling, some organic content,
roots, Ga4, Gg (maj.)+ Sh+ Lf+ Ag+
Th?+ nig. 3 strf. 0 elas. 0 sicc. 3.

19. 58 - 74 _ 9.48 ~ 9.64 _Mottled brown and yellow silty sand.
Sand lamination at 64-65 cm. Upper
boundary diffuse. Ga3 Agl Sh+ Lf+
nig. 2 strf. 1 elas. 0 sicc. 3 1.s.0.

18. 74

92 - 9,30 - 9.48 Brown-yellow laminated micaceous sand,.
: siltier towards upper boundary. Small

pieces of organic material, possibly
charcoal. Ga4 Ag+ Lf+ Sh+ nig. 2-strf. 2

elas. 0 sicc. 3 1.5.0. . -

Q



17.

16.

15,

14.

13.

S e,

1.

10.

9.

92 - 93 kS)

93(5) - 114

114

141

146
158

183

199

222

234-

an.

- 141

- 146

158

- 199

- 222

- 234

286

183.

7.36
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Description

‘Ye11ow-grey silty clay. Small diagonal

band over 1 c¢cm. Some material reworked

-.from peat below. As3 Agl Sh+ Lf+ nig. 2-

Strf. 3 elas. 0 sicc.3 1.s5.0.

Dark brown well humified monocot. peat
with traces of sand. Upper boundary

an erosion contact, diagonal and sharp.
over 0.5 mm. Sand lamination at 110 cm.
Sh3 Th®1 Ga+ nig.3 strf. 2 elas. 1

sicc. 3 1.s.4.

Dark brown well humified monocot. peat
with some included woody detr1tus. Sh2
Th?2 DC+ nig. 3 strf. 1 elas.

sicc. 2+ 1.s5.0.

Dark brown well humified monocot.peat.
Some included silt and Phragmites
rhizomes. Sh2 Th? (Phra.)l Th% 1

Dh+ DI + Ag+ nig. 3 strf.2 elas. 1
sicc. 2 1.s.0.

Not sampled.

Mid grey organic clayey silt with
herbacepus detritus. Dark banding of
totally humified organic material (or

" perhaps. FeS?) Upper boundary not

m.0.D.
9.20 - 9.30
9.08 - 9.29
8.81 - 9.08

8.76 - 8.81
8.46 - 8.76
'8.39 - 8.64.
8.23 - 8.39
8.00 - 8.23
7.88 - 8.00
-7.88

sampled. Ag2 Asl Dhl Sh+ nig. 2 strf.2:
elas. 0 §icc.2+ 1.s.0.

Mid grey organic clayey silt with
included herbaceous detritus and traces
of micaceous sand. Coarse silt/fine
sand lamination 2 mm.. thick overlain by
thin band of totally humified organic
material at 191 cm. Ag2 As2 Sh+ Dh+

Ga+ nig. 2 strf,2 elas. 0 sicc.2+ 1.s5.0.

Light grey micaceous silty sand with
included herbaceous detritus. Upper
boundary diffuse Ga3 Agl As+ Dh+ nig2
strf.1 elas. 0 sicc.3- 1.s.0.

Light grey micaceous sand and gravel.

Some included herbaceous detritus.

One piece of coarse gravel 55 x 40 x 26mm.
resting unconformably on peat surface.

Ga3 Gg (maJ )1 As+ Dh+ nig.2 strf.l

elas. 0 sicc.3 1.s.0.

Dark brown well humified monocot.
peat. Upper boundary an erosion
contact. Sh3 Th?1 nig.3+ strf. 0
elas. 1 sicc.3 1.s.4. -
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cm. m.0.D. ' Description

-'7.36 Dark brown well humified monocotm'

8. 286 - 346 6.76
: peat with woody detritus. Upper

boundary diffuse. Sh2 Th*1 CI11 nig.3+

strf.0. elas 1. sicc. 3 1.s.0. A

346 - 352 " 6.70 - 6.76 Not sampled.

8. 352 - 354 6.68 - 6.70 As 286 - 346.
7. 354 - 363 6.59 - 6 .68 Dark brown well humified monocot. peat.

Upper boundary.diffuse. Sh3 Th21 DI+
nig.3 strf.O elas.] sicc.2+ 1.s.0.

6. 363 - 375 : 6.47 - 6.59 ° Light grey silty clay with traces of
: - included herbaceous detritus. Upper

boundary sharp over 1 cm. As 3Agl Dh+
nig. 1+ strf. 2 elas. 0. si¢c.2+ 1.s.1.

5. 375 - 382 6.40 - 6.47 * Intermixed peat and silty clay. Has
the apgearance of reworked material.
Sh2 Th#1 Asl Ag+ nig.3- strf.0
elas. 1 sicc.2+ .1.5.0. '

. 4. 382 - 446 5.76 - 6.40 Light grey sticky clayey silt, Upper
, boundary diffuse. Ag3 Asl nig.2- strf. 2
~elas.0 sicc.2+ 1.s.0. ’

3. 446 - 463 5.59 - 5.76 Light grey sand and fine gravel. Gravel
: _ subrounded + subangular. Ga3 Gg (maj.)l
nig.2- strf.0. elas.0 sicc.2 1.s.0.

2. 463 - 483 5.39 - 5.59 Light grey sand and traces of fine’
. gravel. Upper boundary diffuse.
Ga4 Gg(maj.)+ nig.2- strf. 0 elas.0
sicc. 2 1.s.0. '

1. 483 - 538 4.84 - 5.39 Pink sand and gravel, including
_ quartz. Coarse gravel 40 x 25 x 20 mm.
at 502-504 mm. Ga3 Gg(maj.)l nig.2
strf. 0. elas.0 sicc.2 1.s5.0.

5.1.3.1 BY14B Pollen

36 levels were coupted for pollen between 525 and 80 cm. 3 levels,
525, 485 and 445 cm. contained virtually no pollen. The pollen diagrams
(figs. 5.9, 5.10) and summary diégram (fig.5.11) have been divided into
10 local pollen assemblage zones numbered from the base upwards. Because
of a low polien count,_the spectrum counfed at 405 cm. has not been
included in the zonation scheme. On the bo]]en diagrams (fig.5.9,5.10)

Corylus should read Coryloid.




-135-

Zone BY14B1 380 - 362.5 cm.

Coryloid, Gramineae, Cypefaceae and Betula are the most abundant .
taxa though each f]uétuates throughéut the zone. Total bo]]en concen-
- tration is Tow at c. 27 x 10° grains /cm® for the zone. The upper boundary
is placed at a significant increase in total concentration to 45.0
grains x 10%/cm® at 362 cm. Although most taxa show change through the

zone boundary, none is significant at the 95% level.

Zone BY14B2 362.5 - 335 cm.

The polien of Cyperaceae, Gramineae and Betula are the most abundant
taxa. Cyperaceae reaches 31.1% at 355 cm. but fluctuates above and below
this level. Gramineae remains constant.at c¢.20% throughout the zone.
Juniperus reaches a maximum of 19.0% at 360 cm. but falls to 3.9% at the
boundary which is placed at a'significant increase in'Betula from 3.9% at
340 cm. to 38.7% at 330 cm. and a similar increase in concentration from
1.7_to 29.8 grains x 10%/cm®. Cyperaceae falis from 20.9% to 9.2% and

Gramineae from 13.1% to 4.2%.

Zone BY14B3 335 - 305 cm.

Coryloid and Betula dominate the zone. Coryloid pollen rises from
17.6% to 31.8% through the zone while Gramineae and Cyperaceae do not occur
above 10%. Total concentration f]uctdétes from 77 to 11.4 to 63.3
grains x 10%/cm®. The upper boundary'is located where there is a signif—
icant fall in the Betula curve from 24.8% to 313Z and a complementary rise

in Coryloid from 31.8% to 61.7%.

Zone BY14B4 305 - 246 cm.

The zone is characterized by high frequencies of the pollen of
Coryloid (c.33-63%). Betula declines and does not rise over 4%. Gramineae,

Cyperaceae and Salix are present in small percentages. The upper-bodhdary
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Fig. 5.9 Barnyards 14B, %TLP + Group

N.B. Corylus should read Coryloid

Fig. 5.10 Barnyards 14B, Pollen concentration.:
Horizontal scale should read ‘Taxa

Axes in 10 x 103 grains/cm3units'.
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is located at a Tevel where there is a significant decline in Coryloid
pollen froﬁ 25.3% to 8.5%, at a significant rise in Filicales from 46.5%
to 70.8% and 72.7 t0.101.7 grains x 10%/cm® between 252 and 240 cm. The
Timit also records the rational 1imi£_of the Pinus curve where it rises

from 1.4 to 4.7%.

Zone BY14B5 246 - 217 cm.

Filicales, Coryloid and Pinus are-the main components of the pollen
spectra with Filicales.declining from 70.8% to 38.1% between 240 cm. and
-234 cm. Pinus rises from 4.7% to 14.9% over the same interval and the
Coryloid curve remains constant at c.15%. Pollen concentration reaches a
max imum for the zone'of 202.4 grains x 10% /cm® at 236 cm. of which |
Filicales represents 124.8:grains x 103/cm®. Gramineae, Cyperaceae,

Betula and Salix are present in low percentages. The upper boundary is

- placed where a significant rise in Pinus occurs from 14.9% to 52.2%.

Fi1ica1es falls from 38.1% to 8.7% and the Cyperaceae curve disappears.

Zone BY14B6 217 - 143 cm.

Pinus reaches a maximum of 53.2% and 138.3 grains x 10*/cm® at

- 170 cm. Gramineae rises from 4.3 fo 28.3% fhrough the zone and tﬁe
Coryloid curve remains cdnstant at c.10%. The empirical 1imit of Alnus
occurs within the zone at 170 cm. The upper Timit is placed where there
is a significant rise in Alnus and Filicales and with a significant fall

in the Pinus curve.

Zone BY14B7 143 - 115 cm.

The pollen of Pinus and Alnus dominate the zone with Pinus dec]ining
throughout to 12.3% at 120 cm. Alnus however reaches'a maximum of 42.6%
at 120 cm, its disappearance at 130 cm. may be seen as an artefact of a
low count. The Gramineae curve reaches a peak of,37;5% at 130 cm. and

Cyperaceae reappears as a continuous curve. The empirical limit of
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| Quercus lies in the zone at 120 cm. The upper boundary is located where there

is a significant fall in Pinus and Alnus and a significant rise in Gramineae

and Cyperaceae.

Zone BY14B8 115 - 94 cm.

Gramineae reéchés 29.3% at 110 cm. and falls to 20.8% at 95 cm.
while Cyperaceae rises in the same interval from 17.9% to 43.5%. The Alnus
and Cory]oid curves are constant at c.12.5% and c.10% respectively. Total
pollen concentration is high reaching 151.9 grains x 103/cm at 100 cm.
The upper 1imit of the zone 1is located at a s1gn1f1cant rise in the C9y101d
curve from 8.6% to 46.9% and a. fall in Cyperaceae from 43.5% to 3.5%. Total

pollen concentration also falls to 77.6 grains x 10%/cm®.

Zone BY14B9 94 - 80 cm.

The pollen of Alnus, Coryloid and Gramineae dominate the zone with
Alnus reaching 29.4% at 80 cm. and Coryloid 46.9% at 93 cm. Concentration
values are low however with the total concentration at 80 cm. only .

18.4 grains x 10%/cm3.

5.1.3.2 BY14B Diatoms .

14 samples from above and below the lower peat were prepared for
diatom analysis. A1l those beneath the lower peat at 364, 370, 390, 410,
430, 450, 470, 490, 510 and 530 cm. contained no diatoms or fragments of
diatoms. Similarly two samples above the the lower peat at 220 cm. and 230 cm.
contained ngither entire valves nor fragments of diatoms. At 160 cm.
however the systematic traversing of the slide revealed only one diatom

attributable to c.f. Asterionella formosa, a fresh-brackish water epiphyte,

and at 234 cm. a similar procedure re&éa1éd only one valve attributable to

c.f. Fragilaria lapponica, a fresh-water epiphyte. No further diatom

analysis was carried out.
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Fig. 5.11 Barnyards 14B, Summary-Diagram.

Pollen summary curve shading as for
fig. 5.8. PoIleﬁ preservation curve notation
- as. for fig.5.8. Particle size summary
1.- Gravel, 2 - Coarse sand, 3 - Medium sand,
4.7 Fine sénd, 5 - Coarse silt, 6 - Medium silt,

7 - Fine silt, 8 - Clay. .
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5.1.3.3 BY14B Particle size and loss on ignition .

34 samples each usually bulked from 5 cm. lengths of core between
525 cm. to 365 cm. and 230 cm. to 220 cm. were prepared for particle size
‘determination and are shown in fig.5.11. The results are tabulated in

Appendix III.

Strata 1 to 3, 538 cm. to 446 cm. are predominantly sand and gravel
though with a peak in the silt fraction between 460 cm. and 490 cm. Above
446 cm. strata 3 to 6 show a markedly different particfe size distribution
comprising the coarse silt to clay fraction. Stratum 5 has the abpearance of
anlintermixed minerogenic and biogenic deposit; most probably a peat'ba11.
Peat ba]ls'are more often found in association with transgressive overlaps,
as at M4B thdugh perhaps a renewed period of downcutting during a regressive
phase may erode and rework peat growing on a recently abandoned surface
elsewhere in the vicinity. Loss on ignition determinations for' this stratum -
reach 28.5% between 375 cm.. and 380 cm. Below 385 cm. the organic content
is low, never exceeding 1% and above the 'peat ball" values fall again. -
Indeed the samplie directly beneath the regressive overlap of the Tower peat
has only 3.29% organi¢ content even though the medium and fine si]t.and c]ay,;

fraction comprise 71% of the deposit.

Only two samples were analysed directly above the Tower peat ét
220-225 cm. and 225-230 cm. The particle size analyses show the Qravel
and fine sand fractions represent 70% to 75% of the deposit confirming
the 1§ck of a transition zone and the erosive nature of the transgressive

overlap in this borehole. Organic content only reaches 2.25% and 2.19%

14

- 5.1.3.4 BYI14B C Dating

Two samples were submitted from BY14B to the University offBirmingham,
Department of Geo]ogita] Sciences for ]4C assay and the results are expected

in November or December 1981. The stratigraphic relations of the samples
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are shown in fig. 5.2 and full details are given on I.G.C.P. sea-level

comupter forms in Appendix IV. The more important data comprises -

Depth - 141 - 146 cm. " 358 - 363 cm.
Altitide - 8,76 - 8.81 m.0.D.  6.59 - 6.64 m.0.D.
Thicknes; - 0.05 m. 0.05 m.

Components - innghz(Phra.)l Sh3 Th21 D1+

The first sample 141-146 cm. was submitted to date the regressive
overlap of the uppef peat. The exact boundary was not sampled since 146
to 158 cm. was not refrieved in the coré. The date may not be too much
in error since the lowermost pollen spectrum in the upper peat at 146 cm.
shows the presence oflchenopodiaceae and the'Stratigraphy has inclusions

of silt and Phragmftes rhizones.

The second sample submitted from 358 - 363 cm. is on the regressive
overlap of the lower peat. Although no diatoms are present in the lower

minerogenic layers and pollen preservation is bad, it is considered that

at least strata 4 to 6 relate to a marine event since the characteristic
fining upwards of grain size, presence of a peat ball and Chenopodiaceae

pallen mitigate against a terrestrial origin.

5.2 Moniack

The Moniack site is located to the south-east of the Kirkhill ridge
2 km. south-west of Kirkhill itself. Field mapping at a scale of 1 : 10,000

enabled the construction of fig. 5.12.

The most impressive morphological feature in the area is the large
al]uvia1 fan deposited by the Moniack Burn which falls from 41 m. south of
‘Reelig House to 12 m. at the locality of borehole M12 and covers an area
of approximately 1.1 km2. 500 m; to the south-east of Moniack Castle there

are a series of esker ridges and dead-ice hollows. The eastern esker is
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Fig. 5.12 Moniack site map, showing location of boreho1es_‘

Beauly carse

' Undifferentiated Late Devensian marine? deposits

Fluvioglacial ridge

Alluvial fan

Boundary of alluvial fan uncertain
Crag and tail features’
Dead-ice hollows

Eskers

- Sampling site

Surface peat

Meltwater channel

Small channel formé
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180 m. long and 10 m. high, its north-east side having been cut and sharpened
by subsequent erosion of the Moniack burn. Two small exposures prove the
fan to be composed predominantly of sand with some subrounded gravel and
cobbles. The system can be traced south-westwards discontinuously for
.250 m. to Knockbain Farm where a larger exposure confirms a composition

of sand with some gravel.

Above Milifiach there is a linear ridge trending SW-NE which may be
the continuation of the much Targer ridge.which runs from Easter Moniack
through Drumreach to Drumchardine. Ogilvie (1923, 393) described this
impressive linear ridge 1.5 km. long and 25-27 m. 0.D. as a kame or.
drumlin “flattened by surf”. One small exposure on the north-western side
of the feature was recorded as showing a brown sandy till. To the east of
the linear ridge and bounded by it is a depression which Ogilvie considers
a drained lake. The fact'that the Moniack fan terminates at the’'depression

in a marked break slope does suggest a water body causing subsequent erosion.

To the west of the'Moniack'fan is an area of surface peat approx-
imately 0.8 km? in extent divided into two separate basin forms by the
eastern of two imposing crag and tail features. The western cragrises 40m.
to reach 60 m.0.D. and sections in Balchraggan Quarry show it to be
composed of a complex series of schists. The eastern crag is a smaller,
more complex double feature rising 25 m. to 38 m.0.D. - here the schists

contain intrusions of pegmatite.

5.2.1 Moniack stratigraphy

47 boreholes were put down, 44 in the two basins to the west of the

Moniack fan and 3 to the east. Ogilvie (1523) suggested that:--

"{t is doubtful if the sea at the 25 to 30 ft. level
passed the Moniack fan" (p.393) '

yet the results, figs. 5.13, 5.14, 5.15 and 5.16 show a complex stratigraphic

sequence of glacial and marine clastic, terrestrial organic and terrestrial
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clastic units, which suggests marine penetration to 10 m. 0.D. in MI.

For ease of description the two sub-basins will be-treated separately,
the north-western one, less affected by the Moniack fan will be considered

first.

Boreholes M1 to 12 and M19 to 25 (figs.5.13 and 5.14) show essent-
ially a Y3 profile type with a lTower clastic sequence, intercalated peat
layer and upper clastic sequencé overlain by an organic cover sequence.
Problems are caused however by the intercalation of alluvial fan maﬁeria]
in M6, 7, 8/24, 10, 11, 12, 25, 26 and 27. The correlation 1lines between

boreholes should therefore only be seen as a preliminary attempt.

The basal clastic sequence in M5A, 9, 12, 20 and 25 usually consists
of a grey silty sénd, 31 cm. fhick at M5A or a grey sand and rounded gravel,
168 cm. thick at M9. Above this coarser unit there is a finer facies of
grey silty clay or clay silt, for example 30 cm. thick at M9. This may well
correlate with the Tatter two stages in the internal variation found within
the lower clastic sequence noted at Barnyards (finer = coarser ~ finer

at BY13B) and elsewhere at Moniack (e.g. M36, fig. 5.15).

Above the lower clastic sequence is a widespread intercalated peat
layer present in all boreholes save for Mi6, 17, 18, 26, 27 and 28. The
"lTower, regressive contact shows a gradual slope seawards from 7.48 m.0.D.
.at Ml to 4.33 m. at M3, a distance of 0.88 km. although-this masks marked
undulations in the contact. The peat layer 1tse1f shows marked variation
though probably more in response to local conditions than an overall
regional ecological gradient. At M20 there is a basal layer of yellow=brown
well humified bryophyte peat perhaps reflecting enhanced groundwater levels
at the foot of a slope, At M 8/24 and M9 a small depression in the sub-
peat surface‘suggests the possibility of organic deposition in a small

basin form. Indeed within the peat at M8/24 there are two thin layers of



Fig. 5.13

Fig. 5.14

Fig. 5.15

. Fig. 5.16
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Moniack stratigraphy, M1 - M12
Moniack stratigraphy, M16 - M28
Moniack stratigraphy, M39 - M42

Moniack stratigraphy, M28 - M33




Mi0 N M12

M9

M8/24

MSE Mé M7

MLA M4LB MSA

M2 M3

M1

©

*n2

.t

-
"
“
5

L3

Sgaadadadadedasad L.
1dad adaadd s,
Ad3i323

PRy

[ i
LTATAVSS -.-.-._.aaa
] 34

243202

3333333332,
Y

j).u.u.j.a aa..:.u

T e e e

E__.

_._.1;:

FEEETE
1= -.‘.a.aadu.lauuuJJ-I-IJJJJ.‘.IJJJJ-!

= =37
390933533399335333 4439

I5T3T3 7.

...u.u.u.u et
.'.....‘.u.l.u.u.a-l.u Sdddadadaad sty
Y

2232329

17°+

ne

[

[ 53

Norizental scale

A

Vorticat scole

+3




M27 M28

-151-

- ” ~ = e o o ~ - v ~
ks * v * * + * * rY P p

G dod ddadadar === le s atardr oo

R N e e I A DIV I I

N e R hd e R AL LE A0 L)
e i it ie i (e DT Py Py A I PO g Ry I

M26

M2S

M21 M22 M23 M8/24

M20

M16 M17 M8 M19

WHe

13+

<12
Qe I J g w gy
)

ip y2d 4=
2.

TIIo aad - d o’
[ R e
—duudaada e
= PP iege g i DY
e b L ) T b o o o L IS A Lo e i
0 FREEE)Y) G3aadadadidad

.u.:a.l.a.u.ua.a.uJ
v I g e e

P ErEr P FFFFFFEN .
o Se g ]

FFErrEr]

22

12+

- &
o
°
=~
‘—l EL! ddd dddsdd T uddd s ddd g
F3332333333033345034543 - 33434007
13333533932335322543433 493 2d-4a o
2y 2dddo ST v -
K]
o
N "
®
L3
L
~
«
3
ol =
TV ST U =T T T =TI TIITIT T Td L™ JJJ-IJ-I T l-l l l—l T l.l
= jodddddddddsddd ud JJ-‘) Bt
=t l{JJJdJJ-‘JJJ.‘JJ.‘J-‘J
= dddadd
T T=S=TE=oS T 1o AN TR LT AT A 7 TR
1 -1 ‘ln \"n\ J_I J:JI‘JJI'-uII
TN S2od5514 by
1 Uy F i e ST
=3 =
dadadads
Vdadsdad
et e}
+ + + + + + +
= e L ~ o L -
-

Vertical scale



ML2

L3

M30

M35

M36

M37

M38

M39

3
-
=

Rd1

1

2
*

+1

"2

-152-

o

10

-9

«0

*7

-6

S

b

49

LA LR ST B
- '

0
EE A iy

e

3
9

TSIV T

v d g
3

ZI3dadIaaa3 73
723335355550535050
2pasiyidaas

1"we

170

1”e

100

9o

[ X3

SOm

Horizental scale

s

(XY

ertical scale

i)
2a224 "

FEFFEEF e

. dad b
Ry Y

4o

3a




-153-

E*

[ R4

L+

[ B4

L1134

e

t134

€+

1N+

Sie

€EN

ZEW

\
i

LEW

0EW

dddddadadadddsddad
FEFYF)

2
]
W
n
M
3
nd
Y
h
1
u
n
M
M
3
3
Y
1
4
H
v
!
i
A

Vudidomt dodddsddddddanddd .

©

BEIW

Prrat A sdadidadadad
v sdadadadadad

i

IT=o U dadad dadad=ds
dsdododididadadsd
dddddosd s b dad bt da

V6IW

*s

.9

LILELINT STYFI ¥Y

ey s

wy i [

31028 104u02 0

™ R | 8

b

-0

2

*E

o

i1



-154-

light brown organic silt, the resﬁ]t of deposition in a small water.body
at this location. They are present also in M23 but are too thin to be
shown in fig.5.14. wpody detrital peat at M2 and M19 and M20 suggest

more wooded habitats on the slopes surrounding the basin, supporting the
idea of considerable lateral variation in habitat during the time of Tower

peat formation .

The transgressive contact'of the lower peat falls from 9.95 m. at
Ml to 5.53 m. at M7 though from M7 to M12 it rises again to 6,13 m. A
simple least-squares linear regression was perfbrmed on the altitudes of
the transgressive and regressive cohéacts in 12 boreholes with distance from
a point 10 m. south-west of Ml as the independent variable. The regression

equations were:-

TC 8.80 + .- 0.00392 D r = -0.85 n = 12

RC = 6.91 + - 0.003300D r = -0.86 n = 12

and the solution for T =R, the point at which biogenic accumulation ceases
was -3.19 m. 0.D. at a distance of 3.049 km. seaward from MI. However,
Moniack is a semi-enclosed site and thg constriction afforded by the
Moniack fan serves to decrease the overal{ gradients of the contacts.
Indéed the seaward gradient for both overlaps is rough]y half that for

Barnyards, a more exposed site.

Above the Tower intercalated pe;t'1ayer is a single clastic sequence
of blue-grey silty clays:in boreholes MSB to M12-and MIS to M26. There is
variation within this clastic sequence similar to that found at Barnyards.
In M20, 21, 22, 23 and perhaps M8/24 (fig. 5.14) a prominent silty sand
layer is recorded between 6.95 m. (M20) and 7.61.m.(M8/24). 1In the

‘M1-12 transect'(fig. 5.13) the altitudinal variation in the silty sand unit
is greater and it is not knownif such coarser layers in M4B, M5A, M8/24,

M9 and M11 relate to the same event.
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In borehole M20 the silty sand unit provides an erosiQe contact with
the lower peat. However, boreholes M4B and M5A form a Y3, 4 profile
type with two interfingering c]astiC'uhits separated by a thin peat layer.
In both these boreholes the Tower of these clastic deposité comprises the
lateral equivalent of the silty sand unit found in M 20-24 above. The
thin (c.16 cm{)'interfingering 'middle-peat’ present is comprised of
Phragmites rhizofies with other monocotyledonous rootlets in a matrix of
totally humified material. Above the peat Tayer the blue-grey silty clay
unit is present through Ml to M4A forming an upper clastic sequence in these
Y3, 3 profile types. Made ground at Ba1chhaggan Quarry'(fig.s.lz) denied

the possibility of recording a Z type profi]e landward of M1.

Above the blue-grey silty clay unit is a widespread thick, peat
layer. In boreholes M1 to M5B and M19 to M22 it forms an organié cover
sequence (qhoD) and these boreholes exhibit Y3, 3 and Y3, 4 profile tybes.
In boreholes nearer to the alluvial fan, from M6 to M12 and M23 to M27
clastic units of non-marine origin provide interfingering sequences within
the upper peat. The transition from the underlying blue silty clay to the
upper peat is gradual, over c. 50 cm. Woody defrita] peats occur wiihin
the layer in boreholes M1, M2, M4A, M5B, M20 and M21. The maximum thickness
is 355 cm. at M3.

Boreho]és M6 to M12 and M23 to M27 are greatly affected by the inter-
calation of terrestrial clastic material which‘interfingers with organic units
generally at altitudes above the marine blue-grey silty clay sequence. 1In
M6, M7, M23 and M8/24 there is only one interfingering c]astic.sequence and,
these boreholes exhibit Y3, 6 type profiles. In M10, M12, M25 and M26
however there are two and these boreholes represent Y3, 7 and Y3, 9 profi]es.
In M2 and M25 the lower of the two terrestrial clastic layers, a grey-
blue silty éand has completely eroded the peat layer that ;sually rests

above the blue-grey silty clay sequence. Taken together, the évidende of
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intercalation of terrestrial alluvial fan material in the upper parts of
many boreholes suggests renewed fluvial activity at or slightly after the

culmination of the blue-grey silty clay sequence.

The second and smaller of the two basins is today entire1y enclosed
by the eastern crag and tail feature to the north-west, thé Moniack alluvial
fan to the east and the higher ground of Cabrich to the south-east and
south-west. Surface a]titude§ in the central parts of the basin are
generally 1-2 m. higher than the larger north-western basin (figs.5.]5
and 5.16). Boreholes M33, M41 and M42 are Y1, 13 and 14 type profiles
with multiple intercalations of terrestrial clastic and organic layers
while M38 and M39 are X4, 15 type profiles. The remainder show intercal-
ations of marine clastic sequences and peat while boreholes nearer to the
Moniack a]fuvia1 fan also contain terrestrial clastic interfingering sequences

at altitudes above the .position of the marine units.

The Tower c1astfc sequence (qhKU) seems:to exhibit a succession of
finer and coarser units as in boreholes M29A, M36 and M§7. The upper, finer
grey silty clays and clay silts that predominate as the upper unit in the
Tower clastic sequence of the north-western basin (figs. 5.13 and 5.14) are
not distinguishable in the secondary basin. The lowermost stratum recorded
in M37 comprises a -blue-grey silty clay with laminations of grey-white
sand indicating arhythmic deposition. Above this unjt is a tenacious blue-
grey silty clay, the correlative of a sfmi1ar unit at M29A and M36. This
silty clay unit is extremely stiff and compact, difficult to penetrate
even with a-percussion drill attachment. In M29A comminuted shell fragments
of undetermined origin were recovered from stratum 2. Above this unit
there is generally a coarser deposit of grey siity sand ‘and sometimes

"gravel, 225 cm. thick and containing shell. fragments in M30 but also found
in M29A, M29B, MBO, M31, M32, M35, M36, M37, M41 and M42 - reaching a

maximum altitude of 7.17 m. at M37.
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Above the grey silty sand and gravel layer is a widespread well humified
peat layer often dry and crumblty. The trénsition from the lower clastic
sequence to the peat layer is variable in thickness and character. .In Sore-
holes M29B, M31, M35, M36 and M37 there is a gradual transition zone of
brown organic silts and clays while in M29A, M30 and M32 the transition is
.abrupt over 1 cm. at M32. The regressive contact falls in altitude from
7.33 m. at M37 to 5.60 m. at M30 though it is not known if the lower clastic
units in M41 and M42 relate to a marine event.. The thickﬁes§ of the peat

layer also varies from 38 cm. at M29B to 240 cm. at M30.

In certain boreho]és, M29B, M31 and M32 the peat layer is éhcceeded by
a thin intercalated clastic layer - not exceeding_f9 cm. at M29B.. In M29B,
a larger diameter borehole,this unit is itself comprised of three parts, a
lower dark grey organic silt overlain by a grey sandy silt wHich is in turn
overlain by a grey-brown ofganic silt. In M31 such detail was not observed, .
the unit comprising an 18 cm. thick grey organib silt. No such layer was
recorded in M30 though bad sampling through the lower peat sequence may

have resulted in the layer not being observed.

A similar layer has been recorded between 8.00 m. and 8.19 m. at
M36 and also in M37 (fig. 5.15) though in these boreholes the altitudes are
generally higher and there is no intercalated peat layer between ‘it and the

blue-grey silty clay of the upper clastic sequence.

If the correlations shown on figs. 5.13 to 5.16 are correct then
"there is evidence at Moniack for a thin grey silty sand layer, proved at
M4B to be of marine origin, 1ntérca]ated between peat in boreholes M4B,
M5A, M29B, M31 and M32 and within the blue-grey silty clay sequeﬁce in
boreholes M8/24, M9, M20, M21, M22, M23 and perhaps M26, M36 and M37.

Given in tabulated form the unit shows a vertical range of 152 cm.
using only the upper surface values and has a mean thickness of 25 cm.

Asterisks denote uncertain correlation.
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- TABLE 5.1
Borehole © base top
m o 5.95 - -  6.12
MAB 6.87 - 7.28
MsSA 6.50 - 6.8
M29B 6.93 -  7.06
M31 . 6.8 - - 7.1
M32 7.94 - 8.09
M8/24 7.38 - 1.8
M9 o 7.21 - 7.2
M20 6.95 - 7.0
M21 ' 6.89 - 6.9
M22  6.66 - 6.73
M23 ~ 6.50 - 6.9
M26* 7.90 - 8.33
. M36* 8.00 - - 8.9

M37* 7.65 - 8.3

In boreholes M29B, M31 and M32 there is a peat layer above the thin
grey silty sand unit, 142 cm. thick in M31. The transgressive contact of this
peat falls from 9.59 m. at M32 to 7.29 m. at M29B where stratigraphy and

diatoms prove the contact is erosive.

Overlying the interfingering peat’ sequences in M29B, M30, M31, M32 and

| M35 and above the grey silty sand unit in M36 and M37 is a b]ue-gréy silty

"clay unit 205 thick in M29B. There is little internal variation in the unit
within each borehole though it changes laterally, in M30 and M31 there is a higher
organic content. Diatom analysis from M29B shows this unit to be predominantly
of marine origin. In M41 however the lateral equivalent of this unit is a
grey-brown silty sand. Diatom samples taken in the field at this level proved

entirely fresh and fresh-brackish forms including Tabellaria fenestrata,
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Anomeoneis serians, Cymbella ventricosa, Pinnularia mesolepta, Diatoma -

c.f. hiemale, Navicula pusilla, Stauroneis smithii, Eunotia sp., Gomphonema

sp. and other'Pinnu1§ria sp. confirming the Tithologic evidence for a
difference between the two layers. As such the clastic layer between
8.33 m. and 9.59 m. in M41 is attributable to an alluvial or other fresh-
water habitat. Similarly all other clastic units above this in M41 are

non-marine in origin.

Above the blue-grey silty clay unit in M35 and M36 there is an

- organic cover sequence of 462 cm. and 442 cm. respectively showing a

lower woody detrital peat and an upper well humified monocoty]edbnous
peat. In boreholes M29A to M33 the upper peat is intercalated by a series
of clastic units, three in M29B which diatom analysis (figs.5.19 and 5.20)
shows to be of fresh and fresh-brackish origin. In M4l diatom analysis
from all clastic layers contain ffesh and fresh-brackish forms indicating
that all the clastic horizons above the blue-grey silty clay sequaence
which reaches a maximum of 9.57 m. in M37 (above the upper line in
figs.5.15 and 5.16) are either alluvial fan deposifs or s]opéwaSh.. The
coarser sandy silt stratum in M37 between 9.57 m. and 10.77 m. may well

be such a colluvial déposit. The surface sequence in M29A, M30, M41

and M42 comprises 150 cm. orange brown sand and gravel in M42, a silty
sand and gravel in M41 and grey sandy silt in M30 - it is the surface

expression of the Moniack alluvial fan.

5.2.2 M29B

M29B (fig.5.12) was chosen for further analysis since the complex
stratigraphy, 6 organic layers and 6 minerogenic layers needed further
explanation. The borehole was also considered typical-of those nearer
to the Moniack a11uvia1.fan and know1edgé of the influence of this feature
is an “important factor 1f the detailed history of'marine clastic, terres-

trial clastic sedimentation is to be evaluated at the Moniack site. The
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sample was taken using a 48 mm. diameter modified Livingstone sampler and

the stratigraphy described in the laboratory comprised

cm. .m.0.D. . Description
0-99 12.33 - 13.32 not sampled.
31. 99 - 108 12.24 - 12.33 . Dark brown to black well humified

monocot, peat with traces of silt
and sand and with woody detritus.
Sh2 Th?1 D11 Ag+ As+ nig. 3+ strf. 2
elas.1l.sicc. 3. '

30. 108 - 163 11.69 - 12.24 "Lighter brown fibrous monocot. peat
and Phragmites rhizomes. -
Sh1 Th?2 Th%(Phra.) 1 nig. 3

strf. 1 elas.2 sicc. 2 1.s.0.

29. 163 - 176 11.56 - 11.69 Dark brown well humified monocot.
peat with woody detritus. Traces
of carbon also present. Sh2 Th22
D1+ anth.+ nig. 3+ strf. 1 elas.2
sicc.2 1.s.0. "

28. 176 - 188 11.44 - 11.56 Brown monocot. peat. Wood at
183 - 184 cm. Sh2 Th?*1 D11 nig.3
strf. 2 elas. 1 sicc. 2 1.s.0.

27. 188 - 211 11.21 - 11.44 Dark brown, crumbly, well-humified
monocot. peat. Wood (Pinus?) at
203-204 cm. Sh3 Th?®1 D1+ nig.3+
strf. 0 elas.l sicc. 2+ 1.s.0.

26. 211 - 216 11.12 - 11.21 Finely laminated brown and dark
' brown organic silt. Sh2 Ag2 As+
nig.3 strf. 3 elas.0 sicc.2 1.s.0.

- 25. 216 - 224 11.08 - 11.12 Light grey sand flecked with dark
brown organic material. Ga4 Sh+ Ag+
nig. 2 strf.0 elas.0 sicc.2 1.s.3.

24, 224 - 242 10.90 - 11.08 Light grey silty sand with some
herbaceous detritus and dark brown
organic staining. Ga3 Agl As+ Dh+ Sh+
nig.2- strf.0 elas.0 sicc.3 l.s.1.

23. 242 - 254 10.78 - 10.90 Grey silty sand. Wood at 244 cm.
' Increasing organic content.
Ga3 Agl As+ D1+ Sh+ nig.2+ strf.0
elas.0 sicc.2 1.s.1.

22. 254 - 258 10.74 - 10.78 - Yellow grey sand. Traces of
. carbonized material. Ga4 Ag+ anth.+
nig.1+ strf.0 elas.0 sicc.2- 1.s.1.



21.

20.

19.

18.

17.

16.

15.

14.

13.

12.

258

270

285

296

3N

333

393

398

441

472

270

285

296

31

333

393

398

441

472

51

m.0.D
10.62 - 10.74
10.47 - 10.62
10.36 - 10.47
10.21 - 10.36

9.99 - 10.21
9.39 - 9.99
9.34 - 9.39
8.91 - 9.34
8.60 - 8.91
8.21 - 8.60
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Description

Grey organic silt with traces of
sand and carbonized wood.

Ag3 ShI As+ Ga+ anth.+ nig.2+
strf.2 elas.0 sicc.2 1.s.1.

Dark brown detrital peat with some

silt. Betula sp. fruit and leaf
fragments at 284 cm.

Sh3 D11 Dh+ Ag+ nig.3 strf. 1 elas.Zsicc.:
1.s.1.

Light grey silty clay with black
banding of totally humified organic
material. Agl As3 Dh+ Sh+ anth#+
nig.2~ strf. 2 elas.0 sicc.2 1.s.0.

Dark brown monocot. peat with some
herbaceous detritus and Phragmites
rhizomes. Hippuris vulgaris seed at
296 cm. Sh2 Th*1 Th*(Phra .)1 Dh+
nig.3 strf.2 elas.2 sicc.2 1.s.1.

Dark brown detrital peat. Potamogeton

‘natans seed at 311 P.c.f. alpinus,
"Juncus sp. seeds at 330.

Sh3 D11 Dh+ nig.3 strf.2 elas. 1
sicc.2 1.s.0.

Grey brown clayey silt with traces

of mica. Some root channels and
carbonized herbaceous material. Betula
sp. fruit and Juncus effusus type

seed at 333 cm. Carex rostrata seed

at 334 cm. Ag3 Asl Ga+ Sh+ Dh+ Th3+
anth.+ nig.2+ strf.0 elas.0 sicc.2
1.s.0.

Grey brown clayey peat.
Sh3 Dh+ Th2l As+ Ag+ D1+ nig.3-
strf.2 elas.l sicc.2 1.s.1.

Grey s11ty c]ay with monocot. rootlets.
As3 Agl Th?+ nig.2 strf.2 elas.0
sicc. 1.s.0.

Light grey clay silt with traces
of mica. Fines upwards, some organ1c
staining at top of layer.

Ag3 Asl D1+ Ga+ Sh+ Dh+ n1g.2

strf.1 elas.0 sicc.2+ 1.s5.0.

- Light grey silty clay with herbaceous

and woody detritus. As3 Ag1 Ga+ Dh+
D1+ nig.2- strf.1 elas.0 sicc.2
1.s.0.
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10.
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606

617

626

631

639"
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7.01

6.93

6.87
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6.27

- 7.92

- 7.29

7.26
7.15

- 7.06

-7.01

- 6.93

- 6.87

- 6.82
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Description

Light grey silty clay. Woody
detritus, poss1b1y tree roots present.
As3 Agl D1+ nig.2 strf.1 elas.0
sicc.2 1.s.0.

Light grey silty clay, with woody
detritus. As3 Agl D1+ nig.2 strf.2
elas.0 sicc.2 1.s.0. -

Dark brown, dry, very well humified

monocot. peat. Sh4 Dh+ Dl+ nig.3+
strf.2 elas.1 sicc. 2+ 1.s.2.

not sampled.

Dark brown, dry, crumbly monocot. peat.
Sh4 Dh+ D1+ nig.3+ strf.2 elas.l
sicc.2+ 1.s.obscured.

Grey brown organic silt with traces

" of mica. Transition zone.

Sh1 Ag3 Ga+ As+ Dh+ nig. 2+ strf.0
elas.0. sicc. 2 1.s.0.

Grey sandy silt. Ag3 Gdf Sh+
As+ Dh+ nig. 2. strf. 0 elas.0
sicc.2 1.s5.0. B :

Dark grey organic silt with some sand
and organic staining. Monocot roots
present. Ag3 Shl As+ Ga+ Th?+ Dh+ .
nig.2+ strf.1 elas.0 sicc.2 1.s.0.

Light brown organic clay with organic
staining. Seeds of Menyanthes
trifoliata and Carex sp. (2) at 649 cm.
Sh1 As3 Dh+ nig.T+ strf 2 e]as 0

sicc. 2 1.s.0.

Dark brown well humified monocot. peat,

silty inwash at 673-675 cm. Juncus articul-

""atus type seed at 685 cm. Sh3 Th*1 DI+
. nig.3 strf 2 elas.1 sicc.2 1.s.0.

- 6.44 Light grey organic clay with laminations
of darker organic material. Laminations
diffuse. Bryophyte remains (Fontinalis?)
at 690 but widespread throughout the
layer. T As2 Sh1 D1+ Dh+ nig.2+
strf.2 elas.0 sicc.2 1.5.0. -

705 - 718 6.14 - 6.27 Light grey sand and gravel with some

herbaceous detritus in the upper part of

the layer. Ga2 Ag+ Gg(m1n)1 Gg(maj)l Dh+

nig.2- strf.0 elas. 0 sicc,2 1.s.0.

Base not reached Further samp]es down
to ¢ 825 cm. were not retained in the
sampling chamber.
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5.2.2.1 M29B Pollen

14 samples were counted for pollen between 270 c¢m. and 685 cm. The
results are shown in figs. 5.17 and 5.18 and the diagrams zoned into four |
local pollen assemblage zones.  The counts are tabu]afed in Appendix I.

On figs. 5.17 and 5.18 Corylus should read Coryloid.

~

Zone M29B1 685 -‘670 cm.

The zone comprises only one level, at the base of the Tower peat.
Pollen concentration is high at 160.6 grains x-10%/cm® but this is almost
entirely composed of Cyperaceae at 87.2% TLP + Group and Gramineae with

8.4%. The upper limit is located at the significant fa]] in the pollen

of Cyperaceae from 87.2% to 19.2% and rises in Betula, Pinus and Coryloid.

Zone M29B2 670 - 620 cm.

The zone consiéts_bf counts either side.of the clastic sequence,
strata 5 to 7 and is dominated by Coryloid which reaches 38.1% at 625 cm,

Cyperaéeae:and Gramineae. Equisetum reaches 27.4% at 620 cm.

Zone M29B3 395 - 290.5 em.

The zone:éomprises six levels, the Towermost, 395 cm. within the
thin peat layer 6ver1ying the marine silty clays. The other five are
at the base and top of an organic horizon, strata 17 and 18 which is
underlain and overlain by non-marine clastic sequences, strata 16 and
19 respectively. Alnus and Gramineae dominate the zone, the former
reaching 38.6% and 29.1 grains x 10°/cm® at 395 cm. though falling to
6.9% at 296 cm. Gramineae has consistent, high per cent values of c 45%
" in the three levels at the base of stratum 17 though it too-fa11s to
| 21.1% and 15.9% at the top of stratum 18.- Pinus rises consistently |
through the zone from 3.7% at 395 cm. to 11.6% at 296 cm. Equisetum

too rises, reaching 43.9% at 296 cm. Total concentration is high,.
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Fig. 5.17 Moniack 298, XTLP + Group.
N.B.'Corzlus should read Coryloid

Fig. 5.18 Moniack 298, Pollen concentration
Horizontal scale should read "Taxa Axes

in 10 x 10%grains/cm® units.
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334.7 gfains x 103/cm® at 395 cm. The upper boundary is placed at the
significant rise in Salix from 1.14 at 296 cm. to 63.8% and 150.8

grains x 10%/cm® at 285 cm.

Zone M29B4  290.5 - 270 cm.

The zone compr1sed of three levels - two at the base and one at
the top of stratum 20, a dark brown detrital peat over’'and under1a1n by
non-marine c]ast1c units - is dominated by Sa11x which reaches 63.8% at

285 cm. but falls to 5.4% at 270 cm. Quercus, Alnus and cOryloiq rise

at 270 cm. to 14.6%, 17.1% and 17.1% respectively.

5.2.2.2 M29B ‘Diatoms

32 levels were analysed and coqnted for diatoms, at 690 cm, 700 cm.
and 710 cm. in stratum 1, 630 cm, 635 cm, 645 cm, and 649 cm. through
strata 4 to 7, 11 levels at 20 cm. intervals through strata 10 to .14,

7 levels through stratum 6 at 10 and 20 cm. intefval;, 3 levels, 286 c¢m,
290 cm, and 294 cm. in stratum 19, one at 269 cm in stratum 21 and the

remainder at 216 cm, 230 cm and 240 cm.

In a1l Tevels traversed below 600 cm. diatoms were absent or too
few to count. At 649 cm. and 645 cm. only a few fragments attributable to
Pinnularia sp. and Cymbella sp. remained. At 294 cm. diatoms were present
though sparse and all were fresh and as all were fresh and fresh-brackish
forms the couﬁt was discontinued. At 240 cm, 230 cm and 216'cm. again
. diatoms were rare, often only fragments encountered, the few species

identffiable were fresh or fresh-brackish taxa.

The remaiﬁing 21 levels between.600 cm. and 269 cm. are shown in

ffgs 5.19 and 5.20 and are zoned into 3 local diatom assemblage zones.

)

Counts are tabulated in Appendix II.
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Zone M29BD1 600 - 450 cm.

Marine and marine-brackish forms dominate the zone most notably

Paralia sulcata and Gramnmatophora oceanica var. macilenta. P.sulcata is

consistent in showing high values from 84.5% at 600 cm. to 62.2% at

460 cm. G. oceanica var. macilenta, a marine-brackish epiphyte rises

from 4.7% at 600 cm. to 18.9% at 500 cm. and falls subSequent]y to
12.0% at the end of the zone. Another consistent curve is that of

Nitzschia punctata, a brackish-marine benthonic form which reaches 6.7%

at 570 cm. Numbers of species recorded at each level is also consistent
through the zone (fig.5.20)'ranging from 13 at 600 cm. and 460 cm. to a
max imum of}20 at 500'cm. The upper 1imit is placed where there is a

significant fall in the curves of P.sulcata and G.oceanica var. macilenta,

a termination of the curves of many marine and marine-brackish forms
'formerly showing sporadic occurrence and at the significant rise in the

curve Gf Dip]oneis'interrupta from'4.4% at 460 cm. to 89.8% at 440 cm.

Zone M29BD2 450 - 396.5 cm.

- Diploneis interrupta, a brackish benthonic form reaches values
of 89.8%, 91.5% and 95.5% for the three levels included in this zone.

The only other notable contribution is from Paralia sulcata which is

present in much reduced numbers at 3.4%, 2.0% and 1.0%. The number of
species recorded also fai]s to only 4 at 400 cm. The upper boundary is
placed at 396.5 cm. at a marked change from brackish to fresh forms.

With the exception of sqoradic counts of Caloneis formosa and Nitzschia

punctata no brackish to marine forms occur above zone M29BD2. The zone

boundary also coincides with the midd]e.of a thin peat layer, stratum 15.

Zone M29BD3 396.5 - 269 cm.

The zone is dominated b& frésh-and fresh-brackish taxa even
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Fig. 5.19 Moniack 298, Diatoms, % Total Valves

Fig. 5.20 Moniack 298 Diatom summary diagram.
Shading as for fig. 5.7.
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though the counts cover threeseparate clastic sequences interrupted by
. organic layers. The zone is characterized by large numbers of species

occurring in low percentages. Tabellaria fenestrata reaching 66.2% at

340 cm, Synedra U1na‘ri§ing to 14.6% at 290 cm, Gomphonema angustatum,

Cymbella ventricosa, Navicula radiosa and Eunotia pectinalis are the

dominant forms. There is Tittle internal variation save in thq'decline

- of T.fénestrata from 44.4% at 334 cm. to only sporadic occurrences above

that level.

5.2.3 Moniack 48

The M4B borehole was chosen for-further micropalaeontological
analysis because the.grey.'si1ty sand horizoh, mentioned in §ection 5.2.1
here fber’an intercalated sequence with the lower peat. In M4B it is
37 cm. thick." The stratigraphy_of the core, taken with a Russian sampler

- and described in the laboratory comprised:-

cm. . m. 0.0, Description

0 - 280 8.79 - 11.59 - Not sampled

10. 280 - 289 8,70 - 8.79 - "Dark brown detrital peat. Dhl1 Th?]
L ShZ DI+ nig.3 strf.2 elas.l sicc.2 1.s.0.

9. 289 - 305 8.54 - 8.70 Grey-brown organic clay. Diploneis
' ““interrupta and other brackish diatoms
at c. 295 cm. Sh2 As2 1so+.. Dh+ '

nig.2 strf. 1 elas.0 sicc.2 1.s5.0.

8. 305 - 419 .7.40 - 8.54 . . Grey-brown laminated organic clay
' : o ‘Diploneis ovalis at 320 cm. Sh1 Dh+
-As3 Lso+ Ag+ Th*+ nig.2 strf.l
elas.0 sicc.2 1.s.0.

7. 419 - 431 7.28 -7.40 Dark brown monocot.peat with
S ' - Phragmites rhizomes. Sh2 Th“2 Dh+
ThZ{Phra.)+ nig.3 strf.2 elas.]
sice.2 1.s5.0.

6. 431 -.435  7.24 -'7.28 . Dark brown monocot. peat with some
: I P . clay. Transition zone. Some Phragmites
rhizomes. Th2(Phra.)1 Th22 Sh1 As+

nig.3 strf.3 elas.l sicc.2 1.s.0.



. ' m.0.D. 3 Description
5. 435 - 442 7.17 - 7.24 - Grey silty clay with herbaceous

. detritus. Agl As2 Dhl Th%+ nig.2
strf.2 elas.0 sicc.2 1.s.0.

4. 442 - 467 6.97 - 7.17 Grey clay-silt with herbaceous
: detritus Ag2 A2Dh+ Th2+ nig.2-
strf.1 elas.0 sicc.2 1.5.0.

- 3. 467 - 468.5 6.905- 6.92 Dark brown totally humified peat.
: - (Peat ball) Sh4 As+ Ag+ nig.4-
strf.0 elas.0 sicc.2 1.s.0.

2. 468.5 - 472 6.87 - 6.905 Dark grey micaceous silty fine sand.
' : ' Marine diatoms Paralia sulcata and
"‘Grammatophora oceanica at-471 cm.
Ga2 Ag2 Lso+ nig.2+ strf.0 elas.0
sicc. 2 1.s.0.

1. 472 - 490 6.69. - 6.87 Dark brown well humified monocot.
.- . ~ peat with some Phragmites and
silt in the upper layers of the
stratum. Th2(Phra.)+ Sh3 Th?1 D14
Ag+ nig.3 strf.1 elas.1 sicc.2
1.s.3/4 erosion contact.

Stratum 3 directly overlying the si]ty fine sand of stratum 2 is
only 1.5 cm. thick and probably represents an eroded peat ball incor-
porated in the marine clastic sequence, Above stratum 3_the clastic
" units fine upwards changing“from a grey clay-silt to a silty clay. The
peat layer represented by strata 6 and 7 is only 16 cm:.thick'and is
succeeded upwards without break by a'grey-brown organic clay that is the

lateral equivalent of the blue-grey silty clay sequénce'of boreholes MB5A

- to M12.

5.2.3.1 MAB Diatoms

12 Samp]es were preparéd for diatom analysis, ten between 471 and
442 cm. in strata 2 + 4 and two, 400 cmi and 410 cm. in stratum 8. All .
contained sufficient diatoms to count aﬁd are shown in figs. 5.21 and
5.22,' Counts are tabulated.in Appendix II: 'The diatoms are divided into

3 local diatom assemblage zoneé;
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.Zone M4BD1 471 - 447.5 cm.

The zone is characterized by the dominance of the marine diatom

Paralia sulcata which rises to 48.5% at 445 cm. It is present in con-

sistently high values throughout the zone. Cocconeis scutellum, a

marine-brackish epiphyte rises from 7.2% at 471 cm. to 33.7% at 469 cm.
but falls subsequently through the zoné to 5.8% at 455 cm. Grammatophora

oceanica var.macilenta is the third main constituent of the zone reaching

23.8% at 465 cm. Numbers of species recorded is high - 28 at 471 cﬁ.
" There may be some justification for regarding the first three ]evé]s of
the zone as a sub-zone since at 471 cm, 470cm. and 469 cm. there is

“evidence for transition., Certain forms such as Amphora ovalis, Achnanthes

lanceolata, Tabellaria fenestrata and Navicula peregrina occur along with
other fhesh-brackish_to brackish species. Together with smaller values
for the three main marine and marine-brackish taxa mentioned above it does

suggest a inght'brackish—marine transition. fhe upper bodndary is much

clearer, placed at the significant riSe,in'NaViculaEperegrina and a fall in

‘Paralia sulcata.

Zone M4BDZ2 447.5 - 442 cm.

Navicula peregrina appears for the first time since 471 cm. at a
value of 25.3% and has values of 77.2% and 69.6% for the remaining levels

'5 in the zone. Paralia §u1cata-falls from 46.1% at 450 cm. to 35.4% at 445 cm.

over the zone boundary but the most significant fall is between the next
two levels to 4.2% at 443 cm. Other fresh-brackish to brackish forms such

as Amphora ovalis and Navicula radiésa-return and new ones such as

Epithemia argus appear.

. Zone M4BD3 410 - 400 cm.

The zone comprises only two levels and contains mainly fresh-brackish

to brackish forms. Fragilaria brevistriata dominates the lower spectr-um' .
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Fig. 5.21 Moniack 4B, Diatoms, % Total Valves

Fig. 5.22  Moniack 4B, Diatom summary diagram.
Shading as for fig. 5.7
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with 79.0%, the only other notab]e contribution is from Navicula

peregrina with 4.3%. The upper level contains Diploneis ovalis, 19.8%.

Nitzschia sigma, 6.6%, Nitzschia bitobata, 6.1% Diploneis smithii, 9.4%,

Grammatophora oceanica var. macilenta, 10.3% and Paralia sulcata at 16.0%

~and forms perhaps a slightly more saline spectrum.

5.2.3.2 M4B_'*C Dating

4 samples were submittéd from.M4B to thé UniVersity 6f Birmingham,
. Department of Geological‘Scienées for radiocarbon assay. Results are

-~ expected in November or December 1981. ‘The four samples, full details
of which are given in Appendlx IV on I.G.C.P. sea-Tevel computer forms
'and the positions of which are. i]lustrated by aster1sks in fig. 5.14,
comprised -

Depth (cm.) 283 - 288 419 - 424 426 - 431 472 - 477

Altitide (m.0.0.) 8.71 - 8.76 7.35 - 7.40 '7.23 - 7.28 6.82 - 6.87
Thickness (m) ~ 0.05 = - . 0.05 '0.05  0.05
. Components Sh2 Th21 * .~ Sh2 Th22 . Th22 Sh1 - - Sh3 Th? 1
. Dh1 . ‘ . Th?(Phra.)] '
Wet wt.' (g) 79 ' f: .76 63 .. 52

5.3 Arcan Mains

The Arcan Mains site is located in lower Strathconon, 3 km. east

of Marybank and 1 km. west of Arcan Mains itself (fig.5.23).

The site is small, measuring only 90 m?> and fourteen boreholes

- were put down in two transects across the small gully feature, 1 to 8 in

a north-south d1rect19n and 9 - 14 oriented east-west (fig. 5.23). Desp1te
the close sampling intérval great variation -is. seen in the stratigraphy.
Because of this the stratigraphic diagrams (figs.'5.24 and 5.25) will be

discussed in groups éf boreholes rather than systematically by sequence.



Fig. 5.23 Arcan Mains site map showing location

-

of boreﬁo1es,-_
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Boreholes AMI to 4 are all of shallow depth. Apart from a thin
surface péat in AM1 all- are dominantly minerogenic; sampling usually

';was'stopped by compacf'silty sand or séﬁd and gravel. All four boreholes

- f;are outside the central area of the gully and probably represent riverine

channel deposits. The vegetation, predominantly Juncus effusus,

:§ghagnum sp, Equisetum sylvatiia, Gramineae sp. and Carex sp., different

from the surrounding areas does suggest the possibility of former channels.

The central area of the gully now dominated by Salix sp. including

Salix cinerea and Salix caprea forms a Salix-carr with Eguisétum

| sylvatica, Filipendula ulmaria, Galium palustre, Stellaria palustris,

- Solanum dulcamara and Juncus effusus. This area shows the greatest con-

_'sistency in stratigraphy. Boreholes AM5, 6, 7, 10 and 11 all show a basal min-
' erogeni c sequence which exhibitsa coarse - finer succession. For |
‘ example in AM7 grey sand between 4.52 m. and 4.84 m. is succeeded upwards
”by at least 35 cm. of sandy silt. In AM]I.grey sand between 3.35 m. and
4.22 m. is overlain by 47 cm. of grey-brown organic silt. Above the basal
.clastic sequence in the céntra} area is an intercalated peat layer which
also shows great variation in altitude and composition Betwéen boreholes. -
In AM5 the peat layer is 71 cm. thick and is composed of a lower mixed
monocot. - bryophyte peat and an upper monocot. peat'with woody detritus.
At AM11 if ié 149 cm, thick, again comprjsingla lower bryophyte peat and
an upper well humified monocot. peat. At AM6 the peat sequence appears

to be divisible into three units, a lower well humified mbnqcot. peat, a

: - middle ye]]bw-brown bryophyte peat and an upper brown monocot. peat with

" woody detritus and sitt.

The Tower contact of the peat varies in altitude from 6.88 m.
" at AMIQ where it contains a significant silt component to 5.08 m. at
AM11 and 4.71 m. at AMﬁ.j.The upper contact similarly shows variation from

7.28 m. at AM5 to 6.70 m. at AMG. a difference of 58 cm. in 7.5 m.
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Fig. 5.24 Arcan Mains stratigraphy, AM 1 - 8 |

Fig. 5.25 Arcan MainSjstratigraphy.iAM-Q - 14
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_ Above the Tower peat sequence is a sandy silt unit. In boreholes -
_ AM5, 7, 10 and 11 it is overlain by an upper peat but in AM6 the peat .
is absent and it forms the cover sequence. This clastic unit containing

"marine diatoms at 7.81 m. in AM7 varies in thickness with little

o consistency between boreholes, though there is a broad similarity in

_ iﬂaltitude of the regressivé contact of the overlying peat in_boreho]eé
. AM5, AMIO and AMIT at 8.30 m, 8.39 m and 8.77 m. respectively. At AY7,
" the sampled site, th1s contact is at 9.00 m.

The upper peat'layer forms the upper organic unit in the th or
sp]itting'ﬁp sequence of the central guily-area It is composed of a
woody detr1ta1 peat at AM11 and shows little regularity in thickness - at
AM6 and AMIO there is a clastic cover sequence of grey sand>silt and '
clay. No diatoms were counted in this sequence and its origin must
.rEmain speculative bdt it.cou1d relate to'a riverine f1o§ﬁ deposﬁt..'

7. Floods were common before c. 1853 when the-embénkmgnt controlling the
course of the Conon was built'(Dayis 1979). ln'thé;e boreholes the upper
| peat is either completely eroded or contains a ;ignifidant'minerogenic,

component.

The margins of the gully, shown by boreholes AM8, 9, 12, 13 and
14 show no intercalations of peat and the clastic units in these boreholes
~ must relate to marine colluyial and alluvial deposition. Further

. differentiation of these deposits is not possible without further analysis.

E . 5.3.1 Arcan Mains 7

AM7 was -considered the best location to sample for further laboratory
“analysis since it-is-rEpresentative of the central gully area. The core
was taken with a 48 mm. diameter modifiedeivingstone'corer and the

“stratigraphy, described in-fhé 1aboratdny'comprised_f R
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cm. . m0.D. o Description
0-63 . 9.68 -~10.31 ‘Not sampled

19, - 63-65." 9.66 -.9.68 . Light brown crumbly organic silt
; v b - with occasional iron concretions and
- monocot. rootlets. Ag2 Asl Shl Ga+
Lf+ Th24D1+ nig.2+ strf.0 elas.]
sicc. 2.

18. 65-71 . 9.60 -'9.66 Dark brown well humified peat with
: ‘ ‘ : _ . crumbly structure. Sh3 Th*1l As+
nig.3 strf.1 elas.1 sicc.2 1.s.0.

7. 71 -8 . 9.60 - 9.43 ' Dark brown well humified peat with
. . : . crumbly structure and occasional
woody detritus. Sh3 D1+ Th?1 As+

nig.3+ strf. 1 elas.1 sicc.2 1.s.0.

16. 88 -128 - 9.03 - 9.43 - Dark brown well humified peat.
: Lo, . Sh2 D11 Th?1 As+ nig.3 strf.l
- - elas.1 sicc.2 1.s.0.

15. 128 - 131 - 9.00 - 9.03 - Dark brown well humified peat with
‘ o - .. some included silt and sand.
Transition zone. nger boundary
diffuse. Sh2 D11 Th*l Ga+ Ag+ As+
nig.3 strf.1 elas.1 sicc.2 1.s.0.

- 14. 131 - 236 . 7.95 - 9.00 .. . Light grey sandy silt with

s - . occasional herbaceous detritus and
root channels. ‘Wood at 194-206.
Gal Ag3 As+ D1+ Dh+ nig.2strf.0
elas.0 sicc.2 1.s.0.,

taminations at 238 and 246 cm. Root
channels present. Agl Ga+ As3 Thi+
nig.2- strf.3 elas.0 sicc.2 1.s.0.

13. 236 - 252 7.79 - 7.95 - Light grey silty clay with sand

" 12, 252 - 268.5 7.625 - 7.79 - Grey silty sand. Agl Ga3 Dh+ n1’g.2~

strf.0 elas.0 sicc.2 1.5.0

7.625 ~ Grey-brown organic silt. Short

Lo _ transition zones above and below a
thin organic band of totally
humified material. Agl As+ Sh2
Th31 D1+ nig.3- strf. 2 elas.2
sicc.2 1.s.1.

. 10.. 272 - 276.5 7.545. - 7.59 Transition zone. Grey-brown organic -
S L oo silt. Occasional herbaceous rootlets
LT ' and detritus. As2 Sh2 ° Ga+ Th%+
- S " Dh+ nig.2+ strf.1 elas.0 sicc.2- 1.s.0.



. ."'.: 9.:

4.

cm,
276.5 - 284

284 - 288

288 - 296

296 - 304

304 - 431

" 400 - 408

. 431 - 465 -

465 - 490

490 - 525

525 % 547
547 - 579

"m.0.D.

7.43
"7.35

1.7

'6.00

5.66

5.4]

5.06

- 4.84
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7.47 - 7.545

Description

Grey sandy silt. Rare fragments of
monocot. detritus. Upper boundary
gradual. Gal Ag3 As+ Dh+ Sh+ nig.2-

'» strf.2 elas.0 sicc.2 1.s.0.

- 7.47

-7.43 :

-17.27

- 6.00

-= 5.66

Grey-brown organic silt with-woody

-and herbaceous detritus. D1+ Sh2
. As2 Ag+ Ga+ Dh+ nig.2 strf.2 elas.]
" 'sicc.2 1.s5.0.

Grey organic silt with monocot.
rootlets and herbaceous detritus .
Ag3 Th21 Ga+ As+ Sh+ Dh+ nig.2-

| - strf.2 elas.l sicc.2 1.s.0.

~1.35

Transition zone. Grey-brown-organic
silt with Phragmites rhizomes at
297 cm. and black laminations of
totally humified organic material (Sh)
at 299 and 301 cm. More organic to
base. Sh3 Agl Th? (Phra.)+ ThZ+As+
Ga+ nig.3- strf.3 elas.2 sicc.2 1.s5.0

Dark brown well humified peat with’
occasional monocot. rootlets

wood at 333 - 38 cm, 329 - 31 cm,
354 - 58 cm, 410 - 12 cm. Th3®1 Sh3

- Ga+ Dh+ nig.3 strf.2 elas.2 sicc.2

- 1.s.0.

- 5.41

4.84

5.06 -..‘

Not sampled.

| Grey-brown silty peat. Transition

zone. Upper boundary diffuse.
Sh2 Agl D11 Dh+ Ga+ nig.2+ strf 2

- elas.2 sicc.2 1.s.0.

Grey organic silt with woody detritus.
Wood at 483 - 85 cm. D1+ Dh+ Sh2 Agl
Gal As+ nig.2 strf.2 elas.l sicc.2 1.s.0.

.Light grey sticky sandy silt with rare

monocot. rootlets. No visible structures.
Upper boundary a sharp erosion contact
running d1agona11y through 1 cm.

Ag3 As+ Gal Th2+ nig.1 strf.0 elas.0

sicc.2 1.s.3/4.

Possible contamination.

Grey sand with occasional quartz
grains Ga4 Ag+ As+ nig.2 strf,0

- elas.0 sicc.2+ 1.s.2.
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5.3.1.1 AM7 "Pollen

A standafd polien diagram for Arcan Mains already exists (Davis .
1979) and it was decided only to anaiyse'levels at the upper and lower

" contacts of the Tower peat qhdAthe lower contact of the upper peat.

12 levels were analysed for polien though at 500 cm. the pollen |
~ content was negligib]e.'vlt was not possible to zone the diagrams in the
._normal manner and the three 16ca1 polien assemblage zones described merely
~reflect the thréé sepérated areas of core analysed. The pollen diagrams
.. are shown in figs; 5.26 and 5.27 and the, pollen counts are tabu]at§d<ih

Appendix I. On figs. 5.26 and 5.27 Corylus should réad‘Coryloid;'

Zone AM1 491 to 485 cm.

_ Betula is present in consistently high va}ues ranging from 65.5%
. at 490 cm. to 76.1% at 485 cm. Other taxa present but in Tower bErcentaggs

are Pinus, Coryloid, Juniperus, Salix, Gramineae, Filipendula and '

Myriophyllum alterniflorum. Total Eoncentration va]hes increaée'from

75.4 grains x 10°/cm® at 490 cm.. to-121.0 grains x 10%/cm® at 486 cm. the

" greater part of which is confributed by Betula.

Zone AM2 302 - 301 cm.

This zone consists of only two levels.Coryloid and Gramineaé are
.the predominant taxa with 40550% and 18-20% respectively. COncentration
values are 71.6 and'87.9'grains'x ]03/cm3'and'00ryloid is the major '

'_contributor.

. Zone AM3 132 - 128 cm.

The most noticeable feature of this zome is the high concentration
"~ and percentage values of Alnus at 153 grains x 10%cm® and 43.2% at 132 cm. |
‘The Coryloid and Pinus curves fall from 132 cm. to 130 cm. perhaps

ref]ecting the change from minerogenic to biogenic sedimentation récorded



S e1mee

:'Fig. 5.26  Arcan Mains, %TLP + Group.
' N.B. Corylus should read Coryloid.

fFig, 5.27 . Arcan Mains, Pollen concentration,

N.B. Horizonta] scale should read

"Taxa Axesrjn 10 x 10° grains/cm® units®

Y
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.'at the boundary between strata 14 and 15. Also of note is the consistent,
;;1f low, value for the Tilia curve Though only reaching 1.7% at 130 cm.

its concentration is 6 0 grains X 10’/cm’, a h1gh value for such a

1-. norther]y site. "

5.3.1.2 AM7 Diatoms

Representati?e'samples were taken from the lower and upper clastic
- sequences at AM7 and prepared for diatom analysis. Strata 1 to 3
'contained no diatoms or fragments of diatoms. Strata 7 to 14 however
contained sufficient for counting and a qua11tat1ve scan revea]ed

) diatoms of fresh to fresh brackjsh aff1n1ty. Only in stratum 13 at

250 cm., 7.81 m., were diatoms of marine and brackish diatdms found

5.3.1.3 - AM7 Particle Size and Loss on Ignition

Eleven samples Wére bulked from'contiguous 1nterva1§, usua11y
5 cm., between 575 and 505 cm. and particle size analysis carried’
out. A éubsample of each was also taken for loss on ignition .
o determinat{bn, however none cbntained more than 1% organic confént;_ 

" The results, tabulated {n'Appendix III do show a fining upwards

.. sequence from 91% sand at 570 - 575 cm. through 56% sand 40 5%

silt at 555 - 560 cm. to 4.5% sand 75.9% silt, 19.6% clay at |
500 - 505 cm.

5.3.1.4 ~'AM7_1C Dating

.3'samp1es were submitted from AM7'fd¥ radiocarbon. assay. - Full
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details are given'in'Appendix IV on I.G.C.P. sea-]evg] computeb forms.

" The most relevant data comprised however:-

~lab.noi . Hv 10,012 T W 10,013 . Hv 10,014
-~ Depth (cm.) 126 - 131 303 -308 484 - 490
" Atitude (m.0.D.) 9,00 - 9.05 7.23 - 7.28 5.41 - 5.47

© Age (B.P.) i 75t a5 “7700t80 . s420 % 280
o Bel®y -26.7 - L -26.2 o v 20,2
.. Thickness m 005 0.06 - . 0.06

Comporents . ..~ szl sh3Th®l - * sh3 al Ag#
s ©© . Th*1 Ga+ Agt ..~ Ga+ Dl+. . DI+ Dh+
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CHAPTER 6

ENVIRONMENTAL EVIDENCE FOR SEA-LEVEL CHANGE

6.1 Introduction

The previous chapter provides new data from sites in the inner
Moray Firth area for changes in deposition within the coastal zone. This
zone is characterized by alternating biogenic and minerogenic sequences,
the changes between which are often implicitly accepted as evidence for
rises and falls in sea-level. The situation is far more complex

however - as Streif (1979) cowrectly states:

"Without a doubt, this zone is most sensitive to water-level
fluctuations, but the vertical changes of sea level are cnly
one component among a great variety of factors which influence
the paleogeographic tendencies of a retreating or prograding
coastline" (p.304)

The need to prove that the alternation of biogenic and minerogenic
sequences mirior a change in the contemporary sea-level is just as great
for the inner Moray Firth area as in areas showing less isostatic uplift.
isostatic recovery contributes only to the rate and direction of sea-level

movement, not to the relationship of depositional environment and sea-level.

Many researchgrs-engaged in outlining Flandrian sea-level changes
accept that a transgressive overlap is generally good evidence for a
positive movement of sea-level. However, especially in areas of Tittle
isostatic uplift, stability or subsidence difficulty often arises over the
interpretation of the regressive overlap representing a fall in sea-lavel.
It is essentially this debate that has divided studies into two informal
schools, those who accept evidence for short term, low amplitude oscillations
in sea-level (Fairbridge 1961, Tooley 1974, 1978b) and those who suggest
that all the evidence can be explained by a smoothly rising sea-level
{Jelgersma 1961).

Kidson and Heywerth {1373, 1979) suggest that the characteristic

interfingering of biogenic and marine clastic lavers is due to a
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continuously rising sea-level though the rate of change may vary. Local
sedimentation conditions are considered of major importance. The overiap
of a peat layer over marine facies is seen as the result of high biogenic
sedimentation rates superimposed upon a lower rate of sea-level rise.
Storm surges, local changes in the hydro]ogical'regime and other coastal
processes such as thé bufﬂd-up and break-down of coastal barriers are
considered adequate to explain the characteristic lithologic changes
encountered. This view is similar to that of Jardine (1975) in his
explanation of the regressive overlap of the upper peat in the Lochar

Gulf area of the Solway Firth (see Chapter 3).

Tooley (1978a, 1979) cites evidence from north-west England of
continuity in deposition and an inherent cyclicity in the removal and
replacement of marine gonditions as shown by pol]én, diatoms and chemical
ana]yseé to suggest positive and negative movements of sea-level. At

Downholland Moss 15, for instance, the successive pollen assemblages

"indicate an autogenic plant succession followed by a retrogressive
one, from saltmarsh plant communities to reedswamps and oak-
dominated fen, back through reedswamps to saltmarsh communities"
(Tooley 1979, 504)

When further micro and macrofossil analyses of the clastic layers reveal
an increasing followed by a decreasing marine influence
"the conclusion is difficult to avoid that the changes in water

quality and water depth were a consequence of actual changes in
the sea-level surface" (Tooley 1979, 504)

The debate has not attracted much attention in Scottish sea-level
research primarily because isostatic recovery in conjunction with the
eustatic sea-level has produced a series of raised and tilted beaches.
Once the succession of shorelines, in effect marine limits, has been det-
ermined it can provide an excellent 'sea-level indicator'- defined here as
any 1ithostrdtigraphic or biostratigraphic evidence used as an indicator

to the direction of sea-level movement. The investigation of the Flandrian
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shoreline sequence of the Forth by Sissons (1966), Sissons et al. (1966),
Kemp (1975) and Smith et al. (1978) provided detailed evidence for the
direction and relative timing of sea-level movements. When coupled to a

sea-level curve based on 14

C dated index points of known position in the
shoreline sequence it gives incontrovertible evidence for rises and falls

in sea-level (Sissons and<*Brooks 1971).

However where such a comprehensive stratigraphic succession has
not yet been developed the interpretation of regressive and transgressive
contacts in terms of sea-level movement must be argued from other sea-level

indicators.

In the Solway Firth area for example - an area comparable in
isostatic uplift to the Tay --the shoreline sequence has not been deter-
mined with the result that the sea-level curves produced (figs. 3.1, 2
and 3) have no 1imits set on the direction of sea-level movement save
for the original or derived altitude of the index point and its age. No
other sea-level indicators are used and consequently there is no consistent
model for the interpretation of transgressive and regressive overlaps.
Indeed as noted in Chapter 3 the same regressive contact at Newbie
Cottages provides evidence for a rise in sea-level and also the culmination

of the Flandrian rise in sea-level in the area.

In the inner Moray Firth area the supporting arguments of a shoreline
sequence, more strictly a marine 1imit sequence, have not been determined.
An alternative approach is therefore proposed using other Tithostrati-
igraphic and biostratigraphic sea-level indicators to interpret the peat-

clay transitions as vertical movements in sea-level.

In the remainder of the chapter the idea of indicative meaning
will be outlined. Indicative meaning (van de Plassche 1979, Shennan

1980) is the concept that plant and animal assemblages and geomorphological
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features in the coastal zone have a measurable relationship to sea-level.
It is an idea that is basic to all attempts at the reconstruction of
former sea-levels (Johnson 1931). " Some informal and formal models using
lithoétratigraphic and biostratigraphic sea-level indicators will be used
to develop an argument for vertical movements iﬁ sea-level. Finally the

data presented in Chapter<5 will be interpreted with the aid of these models.

6.2 Indicative range

Underpinning all reconstructions of former sea-level is the assumption
that geomorphological features or biostratigraphic assemblages have a
relationship to a contemporary tide level (indicative meaning). For
instance Scott and Medioli (1978) claim to be able to identify accurately
the position of former tide levels in a saltmarsh sequence to an accuracy

+ . ' . . - .
of -0.05 m. - in favourable circumstances - using foraminiferid assemblages.

In this study index points have been taken from Phragmites or other
monocotyledonous peats and it is the understanding of the indicative
meaning of former coastal plant communities that is essential for recon-

struction of former sea-levels.

The evaluation of former indicative meénings is based on the study
of contemporary indicative meanings. However there is a lack of contem-
porary sites showing a vegetation succession from low marsh through high
marsh to reedswamp and fen woods remaining free from anthropogenic
influence. Tooley (1978a) summarized the more relevant data but concludes

that:

"the altitudinal range of peat forming plant communities in the
intertidal zone makes the interpretation of boundaries and _
boundary zones between biogenic and minerogenic strata difficult"(p.21)

However, as Shennan (1980) suggests the question tc be asked is whether any
reliable estimate can be given of the range over which certain vegetation

comnunities occur with respect to.a reference tide level (the indicative
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range). The size of the indicative range will almost certainly be affected
by Tocal factors such as aspect, wave energy, freshwater input and soil
conditions but the error can be reduced by dnly using samples from levels
showing a change in the sedimentary environment frum saltmarsh to fresh-
water reedswamp or fen. This is because the transition between the zones
does not have an indicative range equal to the sum of both. Homogeneous

layers are therefore less useful in reconstructing former sea-levels.

Shennan (1980) using information from Kidson and Heyworth (1979),-
van de Plassche (1979) and Tooley (1978a) provides a table of indicative

range of commonly dated material.

TABLE 6.1
Indicative range reference
: . (cm) water level

Phragmites or monocot. peat '
directly overlying saltmarsh 20 m! - - 20 cm.
directly below saltmarsh ° 20 MHWST - 20 cm.
above fen wood peat i . 20 MHWST - 10 cm.
below fen wood peat 20 m - 10 cm.
middle of layer . : 70 infer from stratig.
Fen wood peat
directly overlying Phragmites or

saltmarsh deposit 20 cm. M!
directly below Phragmites or

saltmarsh deposit 20 cm. MHWST

Ml = HAT + MHWST/2

These proposed values for reference water level contain two factors,
a constant and a tidal factor which means the importance of the indicative
range is dependent on the tidal range. For example the indicative range

of a Phragmites peat below a saltmarsh deposit (i.e. at a transgressive
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overlap) is in effect at a former MHEST - 20 ¥ 10 cm. This will encompass
a greater proportion of the tidal curve in areas of low tidal range as
opposed to areas of high tidal range. This has important repercussions

in comparing sea-level curves from areas of differing tidal range and

much more research needs to be undertaken on relating indicative range

to proportions of the tidal curve (Shennan 1980). The proposed values

for indicative range (table 6.1) will be used as an aid to the con-

struction of a sea-level curve in chapter 7,

No published Flandrian sea-level &urve for Scotland includes an
explicit statement on the indicative range of the index points, nor which
reference tide level the curve is supposed to represent. Peacock et al.
(1977) and Peacock et al. (1978) do add error boxes for the altitudinal
error on the index points which do include implicit use of the indicative
range of certain marine molluscs. These curves are for the Late

Devensian (fig 3.1, 4, 5).

6.3 Lithostratigraphic and bﬁostratigraphic indicators of sea-level change

Once the Fé]ationship to a tide11eve1 of the feature to be uéed
in reconstruction has been assessed the next step is the interpretation of
the change in sedimentary environments in terms of sea-level movements.
In the inner Moray Firth the shoreline sequence (sensu Sissons 1976) has
not been determined and the assessment of tendency of sea-level movement'

depends on other sea-level indicators.

Shennan (1980} provides a lithostratigraphic model based on the
work of Streif. {1979) that is applicable in part to the successions found
in the inner Moray Firth. He considers that only through evaluating the
tendencies of sea-level movement using a number of indicators can vertical

movements, especially negative ones, be proved. Streif (1979) provides
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three situations which can individually reveal negative movements of the

watertable. These are:-

- fen peat layers which can occur within an intercalated peat layer
or in.a perimarine peat | '

- horizons of decomposition within fen pea£ layers

- soil horizons which cannot form below the water table nor below
mean high tide level and their occurrence on top of tidal flat and lag-

oonal sediments can indicate a fall in watertable.

. The evaluation of sedimentation rates is extremely important in the
assessment of sequence development, especially since it is acknowledged
that peat formation can keep pace with, and exceed sea-level rise in certain
contexts, as at Flanders Moss (Sissons and Smith 1965). An important
concept here is the equilibrium position of accretion and sea-level movement.
According to Kidson and Heyworth (1979) vertical accretion is Timited to
the top of the contemporary high marsh and this probably represents the
equilibrium position. Undoubtedly a prime factor in sedimentation rates and
the vertical and horizontal succession of vegetation zones is the rate of
sea-level movement. A change in the rate of sea-level rise would shift
the equilibrium position to the low marsh, the high marsh environment would
become narrower and if looked at in cross-section,coarser sediments would
be deposited nearer to the transgressive overlap of the organic layer
beneath. With the reverse, an increase in the rate of sea-level fall, the
equilibrium zone is within the high marsh and this causes the depositional

zones to wedge out in a seaward direction (Shennan 1980).

One possible method of evaluating sedimentation rates in both
minerogenic and biogenic Tayers is through pollen concentration techniques.
If pollen influx can be regarded as constant then change$ in pollen con-
centration should reflect changes in sedimentation rate. It is unlikely that

pollen influ x could ever be regarded in this study as ~constant, however,
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due to changes in the regional forest composition caused by inmigration of
new species and changes in local pollen production and preservation con-

sequent upon environmental change.

Pollen and diatom evidence for consistent change, in environment,
coupled with lithologic changes outlined above, constitute sea-teveil

indicators which taken t6gether give good evidence for sea-level change.

The Moray Firth area Has undergone considerable post-glacial uplift.
Shennan (1982) considers that iﬁ an uplifted area the registration of a
positive tendency of sea-level movement is more than a local phenomenon.
Since-isostatic uplift operates in the opposite direction only when the
rate of eustatic sea-level rise exceeds the rate of isostatic uplift
will a rise in sea-level be recorded. Similarly a fall in sea-level will

be amplified.

Therefore in an up]iffed area where a transgressive and regressive
overlap sequence can be shown to be transitional, if an age and altitude
range can be demonstrated along both contacts then factors of regional

significance can be identified.

The corollary is of great importance in correlation. In a sub-
siding area where a regressive overlap is suggested to represent a fall in

sea-level then this is Tikely to be an event of regional significance.

6.4 Interpretation of data in terms of sea-level movement

The remainder of the chapter will deal with interpretation of the
pollen diatom, stratigraphic and ]4C data presented in Chapter 5 in an
attempt to produce evidence for sea-leve] change. An attempt will also
be made to assess the scales at which these interpretations are valid.
Only brief account will be taken of the chronology of events. This will

be discussed fully in Chapter 7.
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6.4.1 Barnyards 3B N

The stratigraphy of the lower clastic sequence at BY3B comprises
two units, lower laminated grey sands and silts and an upper homogeneous
grey sandy silt. The presence of laminated units within the coastal
sequences has often been taken to indicate an intertidal environment

(Tooley 1978a). °

Certainly diatom zones BY3BD1 and 2 show a mixture of frésh,brackish

and marine forms such as Achnanthes delicatula - a brackish epiphyte,

Opephora martyii - a fresh-brackish epiphyte and Paralia sulcata - a

marine planktonic form, which would tend to support such a hypothesis.

Above 400 cm. the marine influence demonstrated by such diatoms as

P. sulcata, Podosira stelliger, Grammatophora oceanica var. macilenta,

Biddulphia aurita and Actinoptychus undulatus decreases and the diatom

spectra becomes almost monodominant with the rise of the brackish benthonic

form Diploneis interrupta. This brackish zone corresponds approximately to

stratum 2 between 393 and 402 cm. Pollen concentration in this stratum 1is
uniformly Tow and with a high percentage of Filicales spores it probably
indicates poor pollen preservation caused either by increased mechanical
destruction or a decreased tidal cover allowing oxidation. The good pres-
ervation of diatom frustules and gradual decrease in particle size support
the Tatter. A third interbretation could be that the stratum 2 represents
a small channel deposit or pipe fill, common on salt marshes in the area

today (Kesel and Smith 1978).

Pollen content is little help in interpreting environments of
deposition within the lower clastic sequence. The major component of the
tree pollen is Betula which is a characteristic feature of early Flandrian

pollen diagrams from northern Scotland.

The transition to the biogenic layer stratum 3 is sharp, over 1 cm,
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is in accord with the models of Shennan (1980) and Kidson and Heyworth
(1979) for the regressive overlap near the seaward extreme of biogenic

sedimentation under an increased rate of sea-level fall.

" A single diatom count from the base of the peat at 392 cm. includes

the fresh diatom Pinnularia subcapitata which is also an acidophile tol-

erant of habitats with a pH between 4.0 and 8.0. The occurrence of seeds

attributable to Juncus éffusus type and one to J.geradii suggest slightly

acid waterlogged conditions. J. géradii is an important component of the
upper saltmarsh and commonly found in estuarine-marine deposits of Flandrian
age (Godwin 1975). However the diatom spectrum at 392 cm. still contains

a large element of brackish and marine forms also.

The pollen data for BY3B2 supports the suggestion of an upper
saltmarsh - reedswamp environment since the. zone contains Gramineae in high
percentages, probably attributable to Phragmites, the rhizomes of which
are abundant in the stratigraphy. The marked rise in pollen concentration
through the zone is a remarkable feature of the site (fig.5.8). It is
probably due to an increase in polien production by reedswamp vegetation
but also perhaps to an increase in pollen preservation in the prevailing
waterlogged conditions allowing the regional pollen rain to be preserved

with the increased local pollen contribution.

The marked rise in Coryloid pollen at the beginning of zone BY3B3
is a further notable feature of the pollen diagram. It may represent a
slight Towering of the watertable allowing Corylus to colonize drier areas
in the vicinity, or alternatively it could be exp]aihed in climatic terms.
The Cory1ys rise is a widespread feature in British pollen diagrams and
has traditionally been used to delimit the Godwin zone IV/V boundary
(Godwin 1940bjand the F1b/c chronozone boundary (Hibbert & Switsur 1976).
Corylus is considered a high pollen producer in open conditions (Birks 1973)

and the high pollen frequencies recorded may suggest small amounts of the
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shrub growing in the local area.

There is supporting evidence for a slight fall in watertable. Seeds

attributable to Juncus effusus type are common to 389 cm. Filipendula,

Chenobodiaceae and Umbelliferae pollen decline at this level also. In
addition the appearance of desmids at 389 cm. péints to a slight Towering
of the watertable and a disappearance of brackish conditions. Kidson

and Heyworth (1979) suggest that desmids are useful indicators in defining
the upper Timit of standing brackish water. The interﬁretation is only
one of degree for thg continued high values of Gramineae through zone
BY3B4, together with the continued presence of Chenopodiaceae and the

appearance of the aquatics Potamogeton and Typha latifolia, illustrate

reedswamp conditions persisted throughout the formation of the peat layer.

The transgressive overlap is gradual above 376 cm. and diatoms
show little variation throughout zones BY3BD5 and 6 with a mixture of
fresh, brackish and marine forms suggesting little change in water depth
or salinity. Three particle size determinations show a lack of the sand

and coarser fractions suggest{ng a position high in the tidal range.

Strata 6 to 9 show a slight coarsening of the particle size dist-
ribution and a decrease in organic content reflecting an increase in water
depth. The existence of an iron-stained layer to a depth of c. 220 cm.

suggests a subsequent fall in watertable and by implication sea-level.

In conclusion the lithostratigraphy and bioétratigraphy of the
deposits recorded in BY3B suggests a graduai'decrease in water depth from
intertidal through saltmarsh to reedswamp formation. The entire peat
layer is probably attributable to deposition in a reedswamp environment,
perhaps with same sTight evidence for a lowering of the watertable but not
of sufficien@ duration or magnitude to allow fen woods to colonize the site.

Above the peat layer the transition to intertidal conditions and full



-205-

marine cover is gradual, without any discernible hiatus. A final fall in
watertable is inferred from the presence of the iron stained layer to a

depth of c. 220 cm.

6.4.2 Barnyards 14B

Although no diatoms were counted through the lower c1éstic sequence
at BY14B, strata 4 to 6 are interpreted as marine or estuarine in origin.
Particle size analysis (fig. 5.11) shows a predominance of the silt and
clay fraction and a tendency to fine upwards towards the regressive over-
lap. Stratum 5 is considered to be a reworked deposit consisting of
intermixed peat and silty clay. The presence of peat balls is not
uncommon in Flandrian marine sediments. At Innernethy in lower Strathearn
a similar peat band, 1 cm. thick, lies 18 cm. below the base of the main
peat bed. Its presence is taken to prove that the buried shoreline of the
estuarine deposits upon which the main peat bed rests is transgressive
in character (Cullingford et al. 1980). Greensmith and Tucker (1973)
consider that peat balls are a product of erosion on saltmarshes and
require only the existence of a peat seam or plant rich clayey-silt layer
within or at the surface of the marsh undergoing erosion, it does not
require a specific direction of sea-ieve] change. The pollen content of
stratum 5 is essentially the same as the lowermost levels of the main
peat layer suggesting little difference in age. It is considered here
that the reworked nature of stratum 5 represents a phase of channel cutting

during a period of sea-level fall.

The transition from the lower clastic sequence to the lower peat
layer is again-sharp, over 1 cm., which is contrary to the suggestion of
Shennan (1980) that the transition zone of a peat layer should be thicker
at landward sites under conditions of an increasing rate of sea-level change.

This could be taken as an argument for an initial rapid. rate of sea-level
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fall since in an uplifted area isostatic recovery would tend to increase
‘the rate of sea-level fall. Alternatively it could suggest an hiatus in

déposition.

Pollen in stratum 6 at 366, 364 and 363 cm. centains dd indication
of an hiatus. High.values of Gramineae, Cyperaceae and the sporadic
occurrence of Chenopbdiaceae is interpreted as evidence for a reedswamp
environment. The trahsition to biogenic sedimentation is marked by a
significant increase in total pollen concentration to 45.0 grains x .10%/cm®,
by an increase in the broken and fb]ded élasses of determinable pollen
(fig. 5.11) and the broken, folded and concealed classes of indétermihable
polien (fig.5.9). “The environment during the transition was probably——
one of reedswamp with Salix carr and Corylus on the surrounding drier areas

and slopes overlooking the site.

The Coryloid curve is considered to represent the presence of

Rl M s e -

Corylus rather than Myrica.

of extreme oligotrophy or eutrophy and is common in the area today

(Duncan 1980). Chesters (1931) reported the macrofossil remains of Myrica
from the basal layers of an oligotrophic peat overlying the "50' beach"

near Crinan. At Barnyards and Moniack however the pollen and stratigraphic
evidence suggests that suitable acid conditions preferrred by Myrica were

not present. Most peats encountered are considered eutrophic with no evidence

of ombrogenous peat development.

0f note also in the transition zone and basal layers of the lower
peat at BY14B is the Juniperus curve wﬁich'showé a peak of 19.0% éé
360 cm. Juniperus does not reach above 2% throughout the deposition of the
thin peat layer at BY3B and f%is is taken to suggest a distance decay
effect away from the source area of the Juniperus pollen which would

;{I
probably be Tocated on the driver slopes to the east of the sampling site.
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It could also be taken as evidence for the time-transgressive nature of
peat development at Barnyards. In pollen zones BY14B2 to 4 there is a
record of the rise in Coryloid pollen - again probably attributable to
Corylus - at the expense of Betula perhaps reflecting competition between

these species.

There is evidence for watertable fluctuations throughout the formation

of the lower peat. High Gramineae, Cyperaceae, Salix, Filipendula and

Potamogeton values suggest an environment transitional between reedswamp
and freshwater fen dominated by Salix with a high watertable during

zones BY14B1 and.2. Between 286 and 346 cm. the stratigraphy comprises

a monocotyledonous peat with woody detritus and this corresponds with the

disappearance of the aquatics Potamogeton and Myriophyllum alternifiorum

which suggests a s1ight Towering of the watertable allowing the Salix fen
to be colonized by Corylus. Additionél support is given by the low pollen
count at 319 cm. At first, this was considered an error in the pollen
preparation technique but an adjacent sample from 320 cm. also showed a
scarcity of pollen. Total po1ien concentration at this level is only

11.4 grains x 10%cm?>.

During zone BY14B4 the Coryloid curve reaches a consistently high
value of 33-63% but towards the top of the zone aquatics, such as Potamogeton

and Typha angustifolia returr with other indicators of waterlogged

conditions such as Equisetum and Filipendula. This suggests a rise in

watertable.

The transgressive overlap of the upper peat layer is clearly erosional
with a Targe piece of coarse gravel 55 x 40 x 26 mm, resting directly on the
peat. Pollen supports this conclusion : there are taxa indicative of a

rise in watertable but there is no suggestion of a return to reedswamp or

saltmarsh conditions.
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The intercalated .inerégenic layer which consists of a lower light
grey micaceous sand and gravel and fines upwards contains the highest total
pollen concentration recorded at the site, 259.9 grains x 10%cm® at
170 cm. Most is contributed by Pinus which reaches 138.3 grains x 10%/cm’.
High values of pine pollen in marine or estuarine deposits are a common

occurrence. Godwin (1975)° notes that:

"where estuarine clays occur between peat layers the clays
invariably yield high values for the percentage of contained
Pinus pollen, values greatly in excess of those in the
adjacent peat layers" (p.106)

Reasons given for the high Pinus frequencies include long distance
wind transport, surface drifting, differential destrucfion and the incorp-
oration of secondary pallen by the erosion of pine peat 1ayers; Pinus
pollen is well known for its buoyancy in water and this factor combined
with one or all of the above reasons probably contributes to the high
values encountered. There is evidence that Pinus immigrated into the
immediate area prior to the clastic sedimentation of stratum 10, indeed

the Tower boundary of zone BY14B is located at a significant rise in Pinus.

No diatoms were counted through the upper marine clastic layer of
the interfingering sequence at BY14BE and therefore statements of changing
water depth and salinity are not possible at present. The sequence does

show a marked fining upwards however.

The transition to the upper peat layer was not sampled but the
Towermost pollen spectrum of this peat layer does show high values for
Gramineae both in percentage and concentration, abundant Phragmites
rhizomes recorded in the stratigraphy, Chenopodiaceae pollen and inclusions

of silt. A Phragmites reedswamp environment is therefore inferred.
Zone BY14B7 contains a decline in Pinus and an increase in Alnus
pollen representation. The decline in Pinus pollen can in part be regarded

as due to the reversion to biogenic sedimentation eliminating the bias given -
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to Pinus pollen in marine sediments by its buoyancy. The expansion of
Alnus to form an Alder carr with Corylus hay also have contributed to the

decline by filtering out more Pinus pollen from the regional pollen rain.

It is intereéting to note that Alnus fills the niche that Salix
developed in the Tower peat, values of Salix afe only sporadic in the
upper peat. Evidence a]s; exists for a falling watertable. This is
suggested by the presence of woody detritus in the matrix of the peat, a
horizon with 1ittle pollen (total concentration = 8.7 g}ains % ]Oa/éms)

at 130 cm. and an increase in the corroded class of determinable pollen

(fig.5.11).

Above 130 cm. damper habitats and a rise in watertable are inferred

from sbores of Selaginella selaginoides, a clubmoss which occurs in damp

slacks along the present coast (Duncan 1980) and Equisetum. This inter-
pretation is supported by the pollen of the aquatics Potamogeton and

Myriophyllum spicatum.

The minerogenic layer overlying the upper peat at BY14B is inter-
preted as a colluvial deposit consisting of yellow-brcwn silty sand and

gravel with iron-staining and little organic content.

In conclusion environmental evidence suggests a decrease in water
depth with a gradual transition to reedswamp at the base of the lower peat.
Within the Tower peat there is an indication of a fall in Watertable with
the development of Salix-fen. There is also some evidence for destruction
of some pollen types perhaps by oxidation. Increased frequencies of
pollen of damp-loving and aquatic taxa suggest a rise in watertable towards
the transgressive contact though the erosive nature of that contact has
removed evidence, if any, for a return to reedswamp and saltmarsh

conditions.

The intercalated marine clastic Tayer shows evidence for a fining
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upwards sequence interpreted as a decrease in water depth.

The upper peat at BY14B contains evidence for an initial reedswamp
community succeeded by an Alder carr with Corylus and the woodland
epiphyte Polypodium which suggests a iowering of the watertable. Towards
the top of the peat the return of aquatic pollen and other indicators of

¢

damp conditions suggests a return to wetter conditions.

6.4.3 Barnyards - site interpretation

The Barnyards site provides some Véry good indicators of the tendency
of sea-level movement. The lower regressive contact is interpreted as
representing a fall in sea-level. The altitude of the regressive overlap
falls from 8.76 m. at BY14B to 1.94 m. at BY3B and an age difference of
c.400 years is inferred from one radiocarbon date at BY3B (9200 100 B.P.
Hv 10.010) and pollen evidence at BY14B (see Chapter 7);'_This variation
of age and altitude is.considered a good indicator of sea-level movement.
Consistent environmental change from an intertidal deposit to a reedswamp
is recorded at BY3B while at 39143 to landward, a reedswamp community

is succeeded by a Salix-fen with some evidence for a decomposition Tayer.

The transgressive overlap also shows a measurable age gradient even
though the contact is erosive at BY14B. The altitude of the transgressive
overlap also varies from 2.11 m. at BY3B to 7.88 m. at BY14B, a rise of
5.77 m, again supporting the evidence of a rise in sea-level. Further
indications are given by a rise in watertable at BY14B below the ercsion
contact and at BY3B a reedswamp environment changes to a saltmarsh

environment.

The upper regressive contact does not show a difference in altitude
or age though a fall in sea-1eve1_is inferred since the stratigraphy and
polien at BY14B show a reedswamp to Alder fen succession and at more
seaward sites the presence of iron-stained horizons in fhe_upper layers

of the upper clastic sequence strongly supports a fall in watertable.
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Because the site is on a relatively open coast and because of the
measurable age and altitude gradients on two of the contacts, the Barnyards
site is considered to contain evidence for regional changes in sea-level.

The detailed evidence outlined for the site will therefore be used as an

informal model to supplement the data from other sites in the area.

e

6.4.4 Moniack 298

M29B is a complex core since it comprises six biogenic Tayers and
six minerogenic layers, the lower three of which are considered to represent

marine events.

The lowermost pollen spectrum is at 685 cm. in stratum 3 at the
transition between the lower clastic sequence and lower peat. The
depositional environment of the Tower clastic sequence at M29B is uncertain
since no diatoms have béen preserved. However shell fragments presumed
to be of marine origin were found in a similar stratigraphic position in
the adjacent M29A borehole. Stratum 2 at M29B contains bryophyte remains
attributable to Fontinalis sp. at 690 cm. which suggests the presence of
éma]] pools or streams in the vicinity. The lowermost pollen spectrum
reveals a high total pollen concentration of 160.6 grains x 10%/cm?®
though nearly all is contributed by Cyperaceae. Pollen of Gramineae,

spores of Eguisetum and a seed of Juncus articulatus type all suggest

an open reedswamp area with pools of water and a vegetation cover of
sedges, grasses and rushes. No evidence for saltmarsh vegetation is

present, though the stratigraphy does not indicate a depositional hiatus.

Strata 4 to 6 have been correlated with the grey silty sand layer
in M4B (6.87 —'7.24m.) which contains marine diatoms. Two pollen counts
and spores of: Equisetum and Selaginella which suggest a high watertable
prior to clastic deposition. The stratigraphy of stratum 3 shows little

internal variation and gives no evidence for succession to fenwood
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environments, indicating reedswamp conditions persisted throughout.

At 649 cm. in stratum 4 seeds of Carex sp. and Menyanthes trifoliata
are indicative of freshwater 1ittoral habitats which could suggest only

strata 5 and 6 relate to a marine event.

The two pollen spectra above the inferred marine layers show a
return to an almost identical environment of open reedswamp with standing
fresh water, though the increase of Coryloid pollen to 38.1% may reflect

some colonization of Corylus onto the bog surface.

The clastic strata 10 to 14 contain abundant diatoms (figs.5.19
and 5.20). The transgressive overiap with stratum 9 is erosional. The
diatom assemblage in zone M29BD1 shows no evidence of transition with the

marine planktonic form Paralia sulcata reaching 84.5% of total valves at

600_cm. If the data are considered as a sum of total species then the
swamping effect of P.sulcata can be gauged. Even so there is a complete
lack of diatom species with an affinity to fresh and fresh-brackish water
conditions-and an interpretation of fully marine conditions during zone

M29BD1 is hard to escape.

The abrupt change to a brackish diatom assemblage zone M29BD2

dominated by Diploneis interrupta is correlated with a change in strat-

igraphy from a 1ight grey clayey silt, stratum 13, to a grey silty clay
with monocot. rootlets at 441 cm, 8.91 m. 0.D. As in zone BY3BD3 at

Barnyards Diploneis interrupta becomes almost monodominant. Other species

include Diploneis ovalis and Navicula pusilla, both indicative of an

upper saltmarsh environment (Round 1960). D. ovalis is also able to
withstands periods without water cover. The continued presence of

Paralia sulcata (¢ 1-3% total valves) suggests periodic marine inundation.

The isolation contact is a concept used by Fennoscandian researchers

~to denote the change from brackish to fresh conditions in lake basins
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consequent upon isostatic uplift raising the threshold of the lake basin
above the level of marine activity (e.g. Alhonen, 1971, Eronen.1974, Kjemperud

1981). However at M29B because of the dominance of Diploneis interrupta

when calculated as a percentage of total valves the fresh and fresh-
brackish zone is restrictgd. If a sum using % species is used the fresh
and fresh-brackish curve rises dramatically to c. 60% (fig.5.20).
Therefore whether or not an isolation contact is defined depends entirely

on the sum used.

A thin peat band, stratum 15, between 393 and 398 cw. (9.34-9.39 m.)
marks the return to biogenic sedimentation and provides evidence consistent
with a reduction in water depth and the removal of marine conditions. One
pollen spectrum from 395 cm. shows a high concentration of Alnus, Gramineae
and Equisetum. The proximity of the high ground of the eastern crag and
tail feature could have provided a suitable habitat for Alnus with reed-

swamp vegetation at the sampling site.

Above the thin peat layer is a series of three minerogenic and
three biogenic 1éyers. The minerogenic layers are totally dominated by
fresh and fresh-brackish forms and are interpreted as alluvial or lake
deposits. The Moniack alluvial fan provided a possible dam to the north
east and any water held behind it would also be enclosed by the high
ground of the eastern crag and tail feature and the high ground of Cabrich
to the south and east. Ephemeral shallow lake deposits could have
accumulated behind the alluvial fan until the outlet lowered the threshold.
An alternative explanation could be that the three minerogenic and three

biogenic layers represent a gradual filling-up process with renewed

clastic deposition caused by renewed activity of the Moniack alluvial fan.
The first non-marine clastic layer comprising stratum 16,
333-393 cm. is a grey-brown clayey si]t.énd includes certain diatoms

indicative of oligotrophic conditions such as Pinnularia gibba, P.meso]épta;
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Eunotia pectinalis, Tabellaria flocculosa and Frustulia rhomboides which

can indicate dystrophic conditions. A seed of Carex rostrata at the

transition to the overlying peat suggests a shallow aquatic envircnment

with standing or s]oW]y flowing water.

The overlying peat layer strata 17 and 18 contains rhizomes of
Phragmites and high Gramineae polien frequencies, Potamogeton pollen and

seeds attributable to P.natans and P.c.f. alpinus, an Hippuris vulgaris

seed and pollen of Typha angustifolia all suggesting an open reedswamp area

with shallow pools.

Two further clastic and biogenic layers overlie strata 17 and 18
but the processes of formation and environments of deposition are similar
to the first example. One feature worthy of note is the development of

salix fen during zone M29B4 largely at the expense of Alnus.

In conclusion the paucity of biostratigraphic evidence for the
basal peat at M29B allows no firm conclusions to be made concerning the
transition to the lower peat. - The peat itself was probably formed entirely
by reedswamp communities and there is tittle evidence for watertable fluc-
tuations. Strata 5 to 6 at least are considered to be marine in origin by
analogy with M4B, however bad diatom preservation precludes any positive
conclusions on changes in water quality and depth. The peat layer above
shows a return to reedswamp cenditions with 1ittle differentation in
habitat discernible. The transgressive overlap to the marine clastic
sequence of strata 10 to 14 is erosional with the superposition of marine

sediments directly on peat.

Diatoms through this layer show marine conditions obtained to
c.440 cm. above which the increase in brackish taxa and a change in the
stratigraphy is interpreted as a decrease in water depth and salinity.

The peat layer marking the return to terrestrial sedimentation is only
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thin yet suggests the environment of deposition was that of a reedswamp.

Above the marine clastic layers lie three biogenic and three clastic
layers, the latter are interpreted as shallow lake deposits formed behind
the dam afforded by the Moniack fan. Subsequent changes in watertable

movement and sedimentation regime are not considered to have a marine cause.

e

6.4.5 Moniack 4B

—_——

No pollen was counted for MAB so information is only available from
diatom counts through the minerogenic layers and from the stratigraphy.
Stratum 1 contains evidence for a reedswamp environment with abundant
Phragmités rhizomes recorded. The contact.wfth the over]ying clastic layer
is however clearly erosional with stratum 2, a dark grey micaceous silty

fine sand containing the marine diatom Paralia sulcata in frequencies of

25-30%. There is a suggestion of transition however with fresh-brackish

and brackish forms including Amphora ovalis, Navicula radiosa, N.peregrina,

N. digitoradiata, N. elégans, Caloneis formosa and Diploneis interrupta in

the Tower levels of zone M4BD1. Although redeposited at MAB certain of

these forms, including Navicula peregrina, N. radiosa, N. elegans and

Achnanthes lanceolata were found living by Round (1960) exclusively on

the higher parts of the vegetated saltmarsh.

The decrease of fresh-brackish and brackish forms coincides with

increases in marine and marine-brackish diatoms including Paralia sulcata,

Grammatophora oceanica var. macilenta, Cocconeis scutellum and Rhabdonema

minutum, the latter three species of which were considered by Edsbagge
(1965) to favour the west coast living as attached forms down to 15-20 m.

water depth. An increase in water depth through zone M4BD1 is inferred,

M4BD2 is dominated by the brackish water species Navicula peregrina

which reaches 77.2% total valves. With the reappearance of the fresh-

brackish species Amphora ovalis and Navicula radiosa together with the
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persistence of the marine planktonic form Paralia sulcata, an upper salt-

marsh environment with both freshwater and marine influences is inferred.
The supposition of decreasing water depth and a transition from saltmarsh
to reedswamp is supported by a decrease in particle sfze and an increase

in organic content between'strata 4 and 5, stratum 6 contains abundant

Phragmites rhizomes. .

There is little evidence of vegetation succession within the thin
(16 cm) Phragmites peat of strata 6 and 7. The transiiion to minerogenic
sedimentation is gradual and the two diatom counts at 400 and 410 cm.
that comprise zone M4§DB do show a gradual increase in marine and marine-

brackish species.

6.4.6 Moniack - Site Interpretatioh

The overriding difficulty with Moniack as a site for the inter-
pretation of sea-level changes is that it lies landward of the marked
constriction provided by the Moniack alluvial fan. Changes in sedimen-
tation regime from biogenic tq minerogenic could therefore be caused by
the periodic build up and breakdown of barriers to seaward. Due to
difficulties in sampling only a small number of borings were put down
through the surface of the fan and these were all towards its edge. Con-
sequently the exact nature of its extent through time is not known.

However certain suggestions can be made:-

(1) In all the deeper boreholes the Tower peat layer of the splitting
up sequence appears to be intact save for M26 where it has been eroded

by subsequent marine action.

(2) In all boreholes save for those nearer to the alluvial fan,
M12, 26, 41 and 42 the blue grey silty clay unit above the lower peat is
also undisturbed. In MI2 and M26 only the upper part of this unit has

been eroded by alluvial or colluvial action. In M41 and M42 however
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diatoms sampled in the field suggest all the clastic layers are non-

marine 1in origin.

(3) In certain boreholes clastic material of non-marine origin is
present only at altitudes above the regressive overlap of the blue-grey

silty clay unit e.g. M6, 7, 8/24, 10, 11, 29A, 29B, 30, 31 and 32.

The evidence points therefore to a renewal of activity on the
Moniack alluvial fan contemporary with or slightly after the culmination |
of marine conditions. It is suggested therefore that prior to this time
the Moniack fan had not completely blocked the entrance to the Moniack
site, however what effect the variation in wfdth of constriction had on
pa]aeotida1 range is.unknown. Boreholes M43, 44 and 45 to the east of
the fan show little consistency in stratigraphy and do not help resolve

the problem.

The regressive overlap above the lTower clastic sequence does show
evidence for a measurable fall in altitude over and above differences
contributed by post-depositioﬁa1.pfocesses. It falls from 7.48 m. at
M1 to 4.33 m. at M9 tﬁough nearer the Moniack alluvial fan it rises again
suggesting local control over sedimentation. The contact is transitional
and therefore in an uplifted areca must have an age gradient. This suggests
a fall in sea-level, though the gradient of the contact is half that of
the lower regressive contact at Barnyards. This suggests local factors

contributed to the formation of the overlap.

The transgressive overlap of the lower peat rises from 5.53 m. at
M7 to 9.95 m. at M1, a difference of 4.42 m. Even though some contacts
are clearly erosional, as diatoms show at M29B, the gradient is taken
to represent a time-transgressive sea-level rise over the land surface

of regional significance.

Within the blue-grey silty clay sequence at Moniack there is
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evidence for a grey silty sand layer, the top of which ranges from

6.12 m. at M11 to 8.09 m. at M32. 1In places it is intercalated with
peat Tayers as at M4B and MbA. At M4B diatoms show an initial erosive
phase followed by gradual decrease in water salinity and depth and a
transition to a thin Phragmites peat layer. It is considered to have
been formed rapidly and probably represents a temporary increase in the
rate of sea-level rise. The fact that the peat laver overlying it at
M4B is composed entirely of Phragmites with no evidence for a fall in
water-table confirms that the deposition of the grey silty sand layer

took place within a period of more gently rising sea-level.

The regressive overlap above the marine blue-grey silty clay
sequence is transitional as diatoms and pollen indicate at M29B. The
overlap falls in altitude from M1 to M4A but seawards of M4B the overlap
rises and continues with 1ittle altitudinal change. This is taken to
suggest that local conditions of sedimentation contributed to the form-
ation of the overlap. As an index point this overlap would therefore

only be of local significance.

6.4.7 Arcan Mains 7

One full pollen diagram exists from Arcan Mains (Davis 1979)

and selected curves are shown in fig. 6.1 using pollen counts by Davis.

No micro or macrofossil evidence is available from the lower
c]astic-sequence at AM7 and its depositional environment is therefore
unknown. Pollen from stratum 3, zone AMI shows little variation in
composition. High Betula values with Juniperus, Ericaceae and Calluna
suggest a birchﬂmniper heath type of vegetation on the slopes surrounding
the site with waterlogged conditions present at the site itself. This

is demonstrated by pcllen of Filipendula, Myriophyllum spicatum,

M.alterniflorum, Potamogeton, Typha latifolia, Equisetum and Sphagnum.
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Fig. 6.1 Arcan Mains Pollen Diagram after Davis (1979).

Only selected curves shown.
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The transgressive contact of the lower peat is. transitional and
Paragmites rhizomes suggest a reedswamp environment. Diatoms through
the overlying clastic layer reveal marine conditions obtained only
during the deposition of strata 12 and 13 with a long transition of frésh

and fresh-brackish species above and below 250 cm.

The transition to %he upper peat layer is also transitional and

contains abundant Alnus pollen with Filipendula, Gramineae and Salix

suggesting an Alder carr with Betula, Ulmus, .Quercus and Tilia growing

on the surrounding slopes.

6.4.8 Arcan Mains - site interpretation

The site is a poor one for the évaluation of tendency.of sea-level
movement. The stratigraphy shows little consistency between boreholes.
Only within the central area of the gully are there deposits less affected

by subsequent erosion.

The lower regressive contact at AM7 may not relate to a marine
event since no indication is given by pollen, diatoms or stratigrapny of

a marine depositional environment.

The transgressive contact of the lower peat is transitional and
can be correlated between boreholes AM5, 6, 7, 10 and 11 suggesting a

consistency within the central qully area.

The marine horizon is extremely thin, only c. 10 cm. at AMN7. This
is in accord with the suggestion of Shennan (1980) that transition zones
should increase in thickness landward under conditions of a rising and

falling sea-level.

The upper regressive contact is also transitional and can be

correlated between boreholes AM5, 7, 10 and 11.

With regard to the Barnyards model the transgressive contact at
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Arcan Mains could represent a regionally significant event. The signif-
icance of the upper regressive contact is unknown however and more
stratigraphic and micropalaeontological work needs to be undertaken before

local influences on sedimentation can be assessed.

6.5 Conclusion

The data presented in this chapter contains consistent evidence
for changes in watertable and sedimentary regime consequent upon rises
and falls in sea-level. The three sites investigated are variable in

quality in the registration of regional events.

Barnyards, with its more open location and consistency in litho-
stratigraphy and biostratigraphy seems to offer the best possibility

for evaluating regional from local effects:

The stratigraphy of all three sites is basically similar in that
it records two peat layers separated by marine clastic layers. Below
the lower peat at Barnyards and Moniack there is a further series of
marine strata whilst at Arcan Mains the depositional environment of the

lower clastic sequence has not been determined with certainty.

At Moniack a third peat intercalated with marine strata has been
described. The regional significance of the-grey silty sand layer
that underlies it is not certain, yet a similar sand layer occurs within
the marine c]agtic cover sequence at Barnyards (BY 2-10) at similar
altitudes. At Moniack, this layer seems to represent a minor trans-

gressive event within a period of general sea-level rise.

The general consistency of stratigraphy suggests events of regional
significance have an influence at all sites with.local conditions

modifying the sequences in detail.
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CHAPTER 7

FLANDRIAN SEA-LEVEL CHANGES IN THE INNER MORAY FIRTH AREA

In the previous chapter the environmental evidence for sea-level
change at each site was given in detail. This chapter provides chron-
ological and altitudinal information in the form of a provisional time

depfh (or rather time-altitude) graph.

7.1 Barnyards

The rational rise in Corylus pollen is traditionally considered
as the zone IV/V boundary (Godwin 1940b). Newey (1966) and Brooks (1971)
use the Corylus rise as an aid to the dating of the Main Buried Beach
and Shoreline of the Forth. The Corylus rise occurs near the base of the
peat layer overlying the Main Buried Beach at West Flanders Moss, Bield
and the Homesteads sites and is one criterion used to suggest an approx-
imate age fof the shoreline of c. 9600 B.P., a second criterion being a
]40 date of 9640 ¥ 140 B.P. for a cpmparab]e feafure in the Tay estuary.
However, the Corylus rise is demonstrably diachronous in northern-Scotland.
Birks and Mathewes (1978) suggest a date of c. 8730 B.P. at Abernethy
Forest while at Loch of Winless in Caithness the rational Corylus rise
occurs in the lower half of zone LW3 which is dated 10300 - 9340 B.P.,

though the 14

C dates may be slightly old due to hard water error

(Peglar 1979). Smith and Pilcher (1973) give nine dates on the rational
Corylus limit which range from c. 7735 to c. 9550 B.P. for 9 sites-in the
British Isles. However, most of the nine sites used to delimit the age
of the rational rise in Corylus are located in Northern Ireland and
north-west England with only cne site Bigholm Bufn in Galloway, from

Scotland. Recent work (Birks unpublished) does suggest a time transgressive

immigration of Corylus north and eastwards throughout the British Isles
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supporting the earlier hypothesis of Deacon (1975) that refugia of
Corylus existed to the south and west of the British Isles during the
last glacial period. The inferred time-transgressive immigration of
Corylus suggests'that use of the rational Corylus limit as an aid to
dating sites without a radiocarbon chronology could introduce an age
error band wider than previously suggested for the Main Buried Shoreline

(Newey 1966, Brooks 1971).

At Barnyards the rational Corylus limit marks the lower limit of
zone BY3B3 at 391.5 cm, only 2 cm. above the regressive over1ap with the
lower clastic sequence. Theradiocarbon date of 9200 I 100 B.P.

(Hv 10010) is therefore verified by the pollen evidence and records a

falling sea-level at this time.

Correlation of pollen assemblage zones from BY3B and BY14B, given
in table 7.1 below, does suggest an age gradient for the lower regressive

'overlap at BY14B estimated in chapter 6 at c.400 years.

TABLE.7.1.

BY14B BY3B
9
8
7
6
5

5

4 4

- 3

3 9200 ¥ 100 2

2 1
1
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At BY14B the frequency of Junipérus pollen in the basal layers
of the lower peat reaches 19.0% in BY14B2 and together with the rise
of Coryloid concentration during BY14B3 and 4 it does suggest an earlier
age for peat initiation on the lower clastic sequence at the more
landward site. ‘

This has recently been confirmed by a provisional ]40 date for

the base of the lower peat at BY14B of 9610 I 130 8.7, (BIRM 1123, R.E.G.
Williams, pers. comm.). This indicates although the two dates atﬂ
BY14B and BY3B are not significantly different at the 95% level, there

was a period of falling sea-=level of more than 400 years' duration.

The date of the beginning of the following rise in sea-level is
not known though pollen evidence at BY3B suggests the peat layer was
formed in less than c. 1000 yrs. since there is no indication of
significant change in the regional pollen rain throughout the whole
of peat formation. A rise in sea-level is therefore inferred by

c. 8200 B.P. at BY3B.

At BY14B, the more landward sampled site,there js evidence for
the immigration of Pinus into the local area prior to the marine clastic
sedimentation of stratum 10. Birks (1970) and Birks and Mathewes
(1978) note a rise in Pinus pollen at Abernethy Forest dated at
c. 7225 B.P. while 0'Sullivan favours a gradual immigratidn_of'fjggE
into the Grampians between c.8000 B.P. and 6600 B.P. At Coire Bog, Ross
and Cromarty, Birks (1975) has dated a pine stump within the peat
profile at a level corresponding to the Alnus rise and Pinus decline.
The date, 6980 I 100 B.P. (Q887) is quite comparable to that suggested
by Birks and Mathewes (1978) and 0'Sullivan(1975. In coastal areas of
Caithness, however, Pinus appears not to have reached high percentages

(Birks 1977). Other Flandrian pollen diagrams from the Moray Firth do
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show high fréquencies of pine before the alder rise supporting immig-
ration into the area at this time (Kingsteps Quarry, Knox 1954, ﬁhitehi]]s
near Alness, Durno, pers. comm.). Dating is therefore imprecise but
suggests marine clastic deposition under a rising sea-level at BY148
between 8000 B.P. and 6600 B.P., - with a date of 7200 B.P. considered

a good estimate. A provisional 14

C data for the base of the upper
regressive overlap at BY14B yielded an age of 5510 t 80 B.P. (Birm 1122,

R.E.G. Williams pers. comm.).

The rise in Alnus pollen to 42.6% in BY14B7 is a feature common
to many Flandrian pollen diagrams. In the eéstern Grampians 0'Sullivan
(1975) has dated the Alnus rise to between 5600 and 5900 B.P. however
in other less suitable areas Alnus never constituted a major part of
the vegetation (Birks 1970). The age for the regressive overlap at
BY14B is verified by pollen evidence but may be slightly young since
the exact location of the overlap was not sampled, there being a 12 cm.
gap between successive cores.

]40 determinations

In conclusion, pollen, stratigraphy and three.
on regressive overlaps show a fall in sea-level initiated at 961Q 1130 B.P.
and lasting until some time after 9200 ¥ 100 B.P. and ending before
c. 8200 B.P;.the subsequent rise in sea-level has not been dated but
pollen analysis from the erosive transgressive overlap at BY14B suggests
an age of c. 7200 B.P. The initiation of the subsequent fall is cansidered

to be somewhat before 5510 ¥ 80 B.P.

There is additional stratigraphic evidence for sea-level change within
the: Tower clastic sequence at Barnyards but it is unsupported by polien,

diatom, or 14

C analysis. At BY13B (fig.5.2) the lower marine clastic
sequence lies between the upper layers of a glacial till and the regressiye

overlap dated between ¢.9600 and 9200 B.P. The whole of the lower clastic
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sequence is therefore considered chiefly of Late Devensian age. It
shows a tripartite finer - coarser -+ finer succession with 67 cmqllight
grey silty clay overlain by 72 cm. grey silty sand and succeeded by

361 cm. of grey silts and clays. It is not knownif the coarser

stratum is transitional with the layer beneath or above. The change

in Tithology could be suggested as representing a change in sedimentary

environment within the Late Devensian perhaps reflecting a rise in sea-

level followed by a fall.

Above the peat layer in boreholes BY2 -~ 10 is a thin layer of silty
‘sand entirely within the upper marine c]astié sequence. Again, no pollen
or diatom evidence is available from this layer but it indicates an
interval of coarser marine clastic sequence. An age bracket of
¢.8200 B.P. to ¢.5500 B.P. is suggested baéed on pollen eyidence at

1 14

BY3B and the provisiona C date at BY14B for the upper regressive

overlap.

7.2 "Moniack:

At Moniack the regressfve overlap of the peat layer overlying the
marine lower clastic sequence has not been dated but polien from the base
of this peat at M29B shows the rational rise of Coryloid curye within
zohe M29BDZ and a lack of Juniperus pollen. A similar age to peat
initiation at BY3B is assumed - ¢.9200 B.P.

At M4B four provisional ]4C dates provide a time control (R.E.G.
Williams pers.comm.). The transgressive overlap of the lower peat
directly beneath the dark grey micaceous silty sand of stratum 2 is dated
at 743q 1170 B.P. (Birm 1127) This age is considered slightly old
for fhe dating of the silty sand layer since the contact is erosional.

A provisional data on the regressive overlap of the thin Phragmites
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peat of strata 6 and 7 gave an age of 7270 T o0 B.P. (Birm 1126).' As

| argued in chapter 6 this contact cannot be interpreted at present as a
fall in sea-level since there is no independent evidence from other sea- -
level indicators such as a measurable age-altitude gradient or environ-
mental succession within the'overlying'peat layer which could suggest a
fall in sea-level. It is considered that the regressive overlap could
equally represent a period of reduced sea-level rise after the deposition
-of the sand layer allowing peat growth to keep pace. The two dates are
not significantly different at the 67% level though the means do show

an increased age with depth. This does suggést the marine silty sand

was deposited between 7430 and 7270 B.P. The weighted mean of the two
dates is 7310 ¥ 80 B.P. but an age nearer to 7270 B.P. is preferred since

the transgressive over]ap is erosional.

- A sample from the transgressive overlap of the thin Phragmites
peat layer of strata 6 and 7 gave a provisional ]4C_age of 7100 ¥ 120 B.P.
(Birm 1126, R.E.G. Williams, pers. comm.) which again is not significantly
different from Birm 1126 at the 67% level or Birm 1127 at the 95% leyel
yet the means of the determinations are consistent with stratigraphy.
At M29B the corresponding transgressive overlap is erosional since
diatom zone M29BD1 directly overlying the peat is fully marine in

character.

The upper regressive overlap at the base of the organic cover
sequence at M4B gave a proyisional ]4C age of 4260 ¥ 90 B.P. As noted
in Chapter 6 the overlap shows a rise in altitude from M6 to M10
(fig.5.13) and. Tocal sedimentation factors were suggested responsihle
caused by the renewed actiyity of the Moniack alluvial fan contempor-
aneous with or slightly after the deposition of the marine blue-grey
silty clay sequence. The radiocarbon date tends to confirm this hypothesis,
being ¢.1000 years later than at the other two sites in the. area -

Barnyards and Arcan.
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14

In conclusion, pollen from M29B and four " 'C dates from MAB give

time control to the changes in sea-level suggested in Chapter 6.

A fall in sea-level is indicated at ¢.9200 B.P. by pollen evidence
from M29B. The age of the jnitiation of the following rise in sea-level
is unknbwn but three dates at M4B on the transgressive overlap below the
silty sand layer and botﬁ contacts of the overlying thin peat layer - not
significantly different at the 95% level - indicéte a rise in sea-level
between c.7400 and 7100 B.P. at M4B. The stratigraphic eyidence may
also provide evidence for different components éf the rise, an initial
rapid rise followed by a reduction in the rate of rise, or perhaps a
fall, allowing peat growth to extend seawards. The final fall in sea-
level from the site is considered to have taken place some time before

4760 ¥ 90 B.P.

7.3 "Arcan Mains

14

in sea-level. The base of the lower peat of AM7 is dated at 5420 ¥ 280 B.P.

0f three "'C dates for Arcan Mains, two give eyidence for change
-(Hv;10014) It is not known if the lower clastic sequence relates to a
marine episode since there are no equivocal indicators of an intertidal
or saltmarsh deposit. The age determination is, nevertheless, clearly
erroneous. Regional pollen spectra at this leyel in zone AMI

(figs. 5.26 and 5.27) shows high Betula frequencies with some Juniperus:
suggesting an early Flandrian date. The reason for the erroneous date
is unknown, it is considered unlikely that significant contamination
oc;urred during sampling or in the removal of detrital material in the

laboratory.

The transgressive overlap of the lower peat is dated at 7700 ¥ 80 B.P.
consistent with pollen evidence for high Coryloid pollen frequencies and

low Pinus and BetuTa values. The overlap is transitional with fresh and
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fresh-brackish diatoms in the clastic interfingering sequence. Marine or
marine-brackish conditions are apparent only at ¢.250 cm. and ar;
represented by a thin layer corresponding approximately to stratum 13.
The long transition to marine conditions suggests that clastic deposition
was initially fresh and caused by a rise in the watertable produced by

a rise in sea-level. The date is therefore indirect evidence for sea-

level rise at this time and gives a maximal age for the arrival of marine

conditions at the site.

The upper regressive overlap is dated at 5775 I B.P., an age
supported by pollen evidence from figs. 5.26 and 5.27 and from the
diagram by Davis (1979) which shows the predominance of Alnus, a fall

in Pinus-and with Ulmus, Quercus and Tilia in consistent percentages.

Despite the lack of consistent stratigraphic control at the site the
date is considered to be good evidence for a fall in sea-leyel at this

time.

7.4 Summary Chronology of Flandrian Sea-Level change in the inner Moray Firth

detos |
There is insufficient evidence to construct aﬁreg;gnal chrono-
logial scheme of sea-level tendencies (Shennan 1982, Tooley 1982).

However, certain broad conclusions can be drawn.

Between 9600 and 9200 B.P. the area was dominated by a falling
relative sea-level. This fall in sea-level continued after 92C0 B.P.
but a more exact statement of the minimum sea-level reached cannot be
made. A date from dgrived plant material of 8748 I 100 B.P. (SRR 1068,
Peacock et‘al. 1978) from 13.5 - 13.96 m. depth in Cromarty bore C2
suﬁports the Hypothesis of a low sea-level after 9200 B.P.

A rising sea-level is inferred by c. 8200 B.P. which is an estimate

14

of the age of the transgressive overlap at BY3B. Provisional ' 'C dates

of 7430 ¥ 170, 7270 ¥ 90 and 7100 ¥ 120 B.P. from Moniack are considered
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TABLE 7.2

Summary Chronology of Positive and Negative Tendencies

Years BP. Positive
Tendencies

5000

6000 "MAIN POSTGLACIAL

_____ 1 SHORELINE'

7000

80C0

L -

9000

, '"MAIN BURIED
l | SHORELINE'

1QQ00

Negative
Tendencies

e e

e e
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to represent the regional rise in sea-level, while the date of
7700 ¥ 80 B.P. from Arcan is thought to give evidence for a rise in the

water table consequent upon a rise in sea-level to seaward.

The culmination of the rise in sea-level can only be dated between
7100 ¥ 120 B.P. and 5775% 85 B.P. with respect to dates at Moniack and
Arcan Mains, though an estimate of the age is given as 6100 - 6400 B.P.
After this date relative sea-level in the region fell towards the
present. It is not known if any minor stillstands or rises in sea-
level interrupted the'general fall. Table 7.2 summarizes the chronology

of positive and negative tendencies for the Moray Firth area.

7.5 ‘A Time-Altitude Graph of Flandrian sea-level changes in:the
" 1nner-Moray Firth-

The inclusion of altitudinal information incorporates a further
error into the reconstruction of former sea-levels since the accuracy
of the altitude determination is dependent upon the accuracy in deter-
mining present a]titude,'original altitude and the relationship of an

index point to its contemporary sea-leyel.

In assessing the accuracy of present altitude, errors can occur
in the measurement of depth, levelling to a benchmark and the accuracy of

the benchmark related to 0.D.Newlyn.

(a) Measurement of depth is dependent upon the ability to locate
boundaries between strata accurately, the type of equipment used in

boring and the angle of the borehole from the vertical.

(b) Levelling between borehole and benchmark in this study is generally

considered to be accurate to f0.05 m.

(c) The accuracy of a benchmark is dependent upon its distance from
Newlyn and on the order of the benchmark (see Chapter 4). For inter-site

comparison benchmarks are considered accurate relative to each other to
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¥0.01 m. whereas for inter-regional comparison the error can be yp to

30.20 m. for Scotland relative to 0.D. Newlyn (Eady 1976).

One of the greatest errors inherent in evaluating the altitude
of an index point is the degree of post-depositional consolidation that

has occurred. According to Tooley (1978a) all

"sediments undergo consolidation, the rate of which is a
function of time, drainage and load" (p.16)

Jelgersma (1961) considers that the great variety of unconsolidated
deposits in the coastal zone can mean consolidation may vary from 0 to
90%. If such large factors are correct then compaction can be a serious
error in assessing the altitude of formation of the peat which constitutes

an index point. Indeed van de Plassche and Preuss (1978) state :

“"Compaction is a very troublesome factor in sea-leyel height
“reconstruction and should be reckoned with as soon as the
soft rock material underlying the sea-level indicator does
not (consist of 100% sand). Samples that have been lowered
as a result of compaction can only be used if the amount of
lowering and the error interval can be reliably estimated
or calculated. Relative sea-level curves based upon index
points that have been subject to compaction for which no
reliable correction can be applied are of very little use
for the Sea-Level Project" (pp.2-3)

There have traditionally been two ways of overcoming the problem.
One 1s only to use basal peat dates (c.f. Jelgersma 1961) - however
Shennan (1980) has argued that this route produces tﬁe possibility of
biased sampling. An alternative is to compute correction factors for

consolidation of peat.

Cullingford et al. (1980) Bave applied correction factors for
peats at transgressive overlaps by comparing the mean dry bulk density
of uncompacted monocotyledonous peat to the fossil peat and assuming
that the fossil peats before burial had a comparable bulk density to

the uncansolidated peat and that the amount of subsequent compaction is
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directly proportional to the increase in bulk density. Using this method

their estimated range of compaction varied from 40 to 68%.

Apart from the great variability in peat étructure, the fact tha?
consolidation is time-dependent militates against the use of a single
correction factor. - In this Etudy no such factors are allowed for and it
is recognized that this may be an important source of error. However six
of the nine radiocarbon dates used in the time-a]titudengraph are on
regressive overlaps where consolidation, although a problem will be of
a smaller magnitude since the underlying predominantly minerogenic layers
will compact less on application of load froﬁ above than a peat layer

of comparable thickness.

For an index point to be used on a sea-level curve or time-altitude
graph an explicit statement of the relationship of the sample to its
contemporary reference tide level is needed. A table showing the indicative
range of commonly dated materials and their reference tide levels was
given in Chapter 6 (table 6.1). In this section the secondary component
of indicative range, the accuracy of the reference tide level will be

discussed.

Table 7.3 summarizes tide data for the twenty secondary parts

around the Moray Firth, the locations of which are shown in fig. Z.l,A.
For inter-site comparison only the correction factors derived from the
inner Moray Firth sites are needed to reduce the reference tide levels
to MHWS or MTL. If correlation between areas is the aim then comparable
correction factors have to be calculated for these areas also. If
relationship to 0.D. is needed then the mean and standard deviation of
the tide-level has to be used. An indication of the variability of tidal

range around Scotland is given in fig. 7.1,B.

Changes in palaeo-tidal range are a potentially great source of
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TABLE 7.3

Moray Firth Area Tide Levels (M.0.D)

HAT' M2 MHMS  MHWN  MTL  MLWN  MLWS  LAT!
Aberdeen 255 2.3  2.05 1.5 0.225 -0.65 -1.65 -2.25
Peterhead  1.99 1.8 1.6 0.9  0.0256 -0.7. -1.7 =2.32
Fraserburgh 2.1  1.91 -1.7 0.9 - 0.075 -0.7 -1.6 -2.18
Banff 1.62 1.46 1.3 0.6 =-0.25 -1.1 -1.8 -2.45
Whitehills 2.3 2.13 1.9 1.1 0.35 -0.3 -1.3 -1.77
Buckie 2.49 2.25 2.0 1.1 0.300 -0.5 -1.4 -1.91
Lossiemouth 2.49 2,25 2.0 1.1 0.30 05 -1.5  -2.05
Burghead 249  2.25 2.0 1.1 0.30 -0.5 -1.5 -2.05
Nairn 2.74 2.47 2.2 1.2 0.375 -0.5 -1.5 -2.05
McDermott  2.61  2.36 2.1 1.2 '0.425 -0.4 -1.2 -1.64
Fortrose 2.55 2.30 2.05 1.156 + + + +
Inverness* 3,17  2.86 2.55 1.45 0.50 -0.45 -1.55 -2.11
Cromarty* 2.74 2.47 2.2 1.3 0.45 -0.4 -1.3 -1.77
Invergordon* 2.86 2.58 2.3 1.4  0.475 -0.4 -1.4  -1.9
Dingwall 2.86 2.58 2.3 1.5 + + + +
Portmahomack 2.49 2.25 2.0 1.2  0.35 -0.4 -1.4  -1.9]
Meikle Ferry 2.86 2.58 2.3 1.3  0.375 -0.6 -1.5  =-2.05
Golspie 2.43 2.19 1.95 1.05 0.25 -0.55 -1.45 -1.98
Wick 210 1.9  1.69 0.9 0.29 -0.31 -1.21 -1.65
Duncansby 1.73 1.56 1.39 0.69 + + + +

Head : -
All data n =17 Inner Firths * n = 3
HAT 2.48 ¥ 0.37 2.92 1 0.2
M 2:.23 ¥ 0.33 | 2.63 ¥ 0.20
MHWS 1.99 ¥ o0.20 | 2.35 ¥ 0.18
MHWN 1.12 ¥ o0.20 1.38 ¥ o0.07
MTL 0.28 ¥ 0.18 | 0.475 ¥ 0.025
MLWN -0.52 T 0.19 - -0.42 % o002
MLWS -1.46 ¥ 0.16 -1.42 ¥ 0,13
Correction factors - Inner Firths * n =3

HAT - MHWS 0.57 ¥ 0.04
M - MHS 0.29 ¥ 0.02
MHWS - -MIL 1.88 ¥ 0.16
M - ML 2.16 ¥ 0.18
HAT - ML 2.45 ¥ 0.20
MHWN -  MIL . 0.91 ¥ 0.05

+ data not available. These secondary ports are ignored in further treatment

| HAT + LAT are extrapolated values

2MI = HAT +  MHWS
7
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Fig. 7.1 Tidal Range around Scotland.

7.1A Secondary ports used in table 7.3.

Spring tidal range shown in metres.

7.1B Spring tidal range around Scotland
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error in the construction of sea-level curves and their correlation
between area. In this study a constancy of palae ntidal range is

assumed.

7.5.1 Graph construction

A provisional time-altitude graph for the inner Moray Firth area
contains nine radiocarbon dated index points, the erroneous Arcan Mains

date, Hv10014, 5420 I 280 B.P. is not included in further analysis.

Each index point is plotted with respect to MHWS for the inner
Moray Firth using the relationships of indicative range and tide-levels
shown in tables 6.1 and 7.3. Included in the altitudinal error is a
consideration of the following sampling errors, identification of
boundary, measurement of depth, angle of borehole and sampling density
(cf. Shennan 1980). Since the angle of borehole produces an unidir-
ectional error the total sampling error equals +0.40 m. - 0.36 m. The
width of each box is representative of a range of |6 around the mean
14

C date. Also included on_the diagram (fig.7.2) is an assessment of

the tendency of sea-level movement represented by each index point.

For example index point 2 is from Barnyards 3B, Hv 10010 dated
at 9200 ¥ 100 B.P. It has a present altitude of 1.94 - 1.99 m.0.D.
Total sampling error of +0.40 - 0.36 m. gives an altitudinal range of
1.54 - 2.35 m. In addition the indicative range of Phragmites peat
at a regressive overlap gives a final range of 1.33 - 2.38 m. A table

of details of age and altitude of index points used is given in Table 7.4

No sea-level curve is drawn joining the error boxes because of the
poor spread of data points. Little information is available on the age
or altitude of the initiation of the main Flandrian rise in sea-level
nor its culmination. However, the highest altitudinal 1limit of Flandrian

marine deposition is c. 9m. for Barnyards and 10.05 m. Moniack.
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Fig. 7.2 Sea-Level index points for'the inner
Moray Firth area showing tendency of

sea-level movement.
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In addition consolidation is not taken into account and this could
mean that the time course of MHWS 1lies some way.above that shown in
fig. 7.2. The evaluation of new data to enable a curve to be drawn is

an aim for future research.

TABLE 7.4
Index point Altitude (m) Age B.P. Site
1 5.98 - 7.03 9610 ¥ 130 . Barnyards *
2 1.33 - 2.38 9200 * 100 Barnyards
3 6.93 - 7.94 7700 % 80 Arcan
4 6.52 - 7.53 7430 170 Moniack *
5 6.57 - 7.62 7270 ¥ 90 Moniack *
6 7.05 - 8.06 7100 ¥ 120 Moniack *
7 8.15 - 9.20 5510 ¥ 80 Barnyards *
8 8.39 - 9.44 5575 I 85 Arcan
9 8.10 - 9.15 4760 % 90 Moniack *
14

. * denotes provisibna] C data (R.E.G. Williams, pers.comm.)

7.6 Flandrian sea-level change in the inner Moray Firth area

The course of MHWS is suggested to have fallen from between 5.98 -
7.03 m. at 9610 130 B.P. to 1.33 - 7.38 m. at 9200 % 100 B.P.
both dates coming from the regressive overlap of the lower peat at
Barnyards. Although the dates are not significantly different at the 95%
level it is assumed an age difference of c. 400 years exists between
these two points. This gives a maximum rate of fall of 3.17m./100 yrs

and a minimum }ate of 0.56m./100 yrs.

" The minimum altitude of: the early Flandrian fall in sea-level is

not known but Peacock et al. 1980 suggest a figure of -6m. 0.D. based on

14

marine faunal studies of the Cromarty C2 borehole. Their "'C date
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from derived plant debris at 8748 ¥ 100 B.P. could give a broad estimate
of the age for this minimum. Morphological evidence for an early
Flandrian Tow sea-level includes the impressive incised gullies between

Jemimaville and Cromarty noted by J.S.Smith (1963).

Because of a lack of data points no reliable conclusions can be
made concerning the initiation of the Flandrian rise in sea-level nor
of the rates of rise involved. However, if the fnterpretation of the
transgressive overlap at BY3B is correct thén an age of ¢.8200 B.P.

and an altitude of c. 2 m. 0.D. may provide an estimate.

Index point 3 from Arcan Mains is considered to represent a rise
in watertable prior to the arrival of marine conditions at the site and
its age of 7700 ¥ 80 B.P. may be slightly early for the initiation of
marine conditions. Index points 4 and 5 from Moniack 1ie either side
of the grey micaceous silty sand layer. Both are shown as indicating
positive tendencies since there is insufficient evidence as yet to
interpret the regressive oveg]ap of the thin peat layer above the

sand as a fall in sea-level.

The culmination of the Flandrian rise is suggested to have taken
place at c. 9 m., the altitudinal Timit of the Flandrian marine sediments
at Barnyards, at c. 6100 - 6400 B.P. The altitude may in fact be a
little higher since colluvial deposition precluded the confident ident-
ification of the 1imit at Barnyards. The altitude at Moniack, some 1 m,
higher is taken to represent local enhancement of the altitude of MHWS

through the constricted nature of the site.

The fiha] fall in sea—leye] is registered at Arcan Mains (index
point 7) and Barnyards (index point 8) at 5775 ¥ 85 B.P. and 8.15 8.39 -
9.44 m. and 5510 < 80 B.P., 8.15 - 9.20 m.0.D. The Moniack index point (9)
is thought to reflect local conditions caused by the renewed activity of
the Moniack a1luvial fan and may reflect a delay in peat growth. Further

research is needed to clarify this problem.
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CHAPTER 8 .
INTER-REGIONAL CORRELATIONS

- 8.1 Introduction

In correlating betweeq areas of differing tectonic history.the
wide variety of processes acting on a local and regional scale and over
differing time periods makes meaningful altitudinal comparison difficult
on all but the very broadest scale. The most hopeful avenue for present
research correlating between areas of different tectonic history is that
of the chronostratigraphic correlation of periods of positive or negative

tendencies of sea-level.

In comparing the chronology of sea-level change between areas
of different tectonic history the registration of events will differ in
their duration and intensity with short period, high amplitude events
offering the best possibility of recognition in all areas. However,
meaningful correlation can only be attempted if similar features are
compared. For example, the adoption and use of terms such as trans-
gression and regression by different workers in slightly different
senses has important repercussions for the correlation of schemes produced

for each area (Shennan 1982, Tooley 1982).

In previous research in Scotland it has been implicitly accepted
that the country as a whole has acted uniformly with respect to the
eustatic factor and that if former tidal range can be regarded as
constant then differences in index point altitude can be explained with
reference to differential glacio-isostatic recovery. Previous attempts
to correlate within Scotland have tended to use schemes of measured and
named shorelines such as the sequence outlined for south-east Scotland
(Sissons 1976) and their chronostratigraphic connotations rather than

time periods of inferred rise and fall in sea-level. The use of
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shoreline studies is of great valué_in the following ways:-

(1) providing information on the post-formational tilting of such

features across Scotland (e.g. Sissons 1966).
(2) providing a method of relative dating.

(3) that it allows approximate absolute time limits to be placed
on undated shofelines from areas devoid of datable material -
with reference to well defined sequencés from other areas

(e.g. Gray 1974).

(4) that such a scheme provides good altitudinal limits for the

construction of sea-level curves.

However, it is suggested that this method is of less use in
correlation between areas of differing tectonic history where such
shorelines are absent or have not been traced. The construction of
regional chronologies of positive and negative tendencies from all
available evidence, including data from shorelines, will allow more
flexibility for inter-regional comparison including the use of stat-
istical techniques. It will also produce a less parochial view of sea-

lével study.

This is essentially the same kind of argument proposéd in pollen
analysis for the adoption ahd use of local and regional pollen assemblage
zones once the limitations of the Godwin zonation scheme were realized.
Like the Godwin scheme, shoreline sequences are an excellent tool for

explanation within the area in which they occur.

However because no chronological scheme of periods of transgressive
and regressive overlap has been outlined for Scotland and since insuff-
icient data haJé been collected for the inner Moray Firth area for anything

/4

other than a preliminary outline, a further 1nterést1ng technique of
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chronostratigraphic correlation, histogram analysis, will be discussed
in section 8.2. This has direct relevance to the problem of synchroneity

or diachroneity of shorelines.

' Following this section, a]titudina]lcomparisons will be made for
Scotland in section 8.3 - aséuming a constancy of palaeg}tidal range
at the present stage of research. This leads on tc the construction
of a preliminary isostatic curve for the inner Moray Firth area and its
comparison with two other published isostatic curves for Scot]and
(section 8.4). The final section contains a brief review of the timing
of sea-level change in areas of different tectonic history, and comments
on the use of shoreline studies in correlation.

]4C data
14

8.2 Statistical evaluation of

The statistical evaluation of ~'C data by means of histogram
analysis offers an interesting tool for the consideration of regionally
significant events such as risgs and falls in sea-level. It has been
applied to Flandrian sea-level studies in the southern North Sea (Geyh
1971, Geyh and Streif 1970) in the English Fenland (Shennan 1980, 1982)
and North-West England (Tooley 1982). It can be applied to any
phenomenon that causes the regional presence of dated material and has
also been used to verify Weichselian chronostratigraphy on a 10-4 yr time
scale (Geyh and Rohde 1972). In Scotland it can be applied to a prelim-

inary assessment of the regional synchroneity or diachroneity of

shorelines.

Radiocarbon ages with their standard deviations represent Gaussian
frequency distributions and the area. under the curve may be approximated
by a polygon constructed, for example, by a number of rectangles. If

the area under the curve is kept constant the standard deviation



-246~
determines the height of the polygon - the larger the standard deviation

o

the lower the height (Geyh 1980).

The program MHIST.GEN used in this study written by Dr. I.Shennan
and developed by Mr. M.J. Davis uses class intervals of 50 years to
group the data. It represents the area under the Gaussian frequency
distribution curve for each data by eight rectangles. This means, for

]40 date is 100 years theﬁ one

example, if one standard deviation of a
rectangle is contained within each class interval. Histograms are in
effect superpositions or summations of the Gaussian frequency distrib-

utions (represented by the rectanglés) for each date considered.

The application of this method to coastal studies lies in the
fact that periods of marine ingression should inhibit peat growth and
be represented by minima in the histogram and periods of regression should
produce optimum conditions for coastal peat growth and be represented
by maxima in the histogram. It is therefore in the analysis of peaks
and troughs in the resulting histogram that opportunity occurs for the
identification of regionally éfgnificant events. The clarity of their
expression in an uplifted area could be taken as evidence for the degree

of synchroneity or diachroneity of regionally significant events.

There are many problems in the application of histogram ané]ysis -
both in its statistical testing and interpretation. Bias can enter the
initial sample population through the relative accessibility of samples of
different ages or preferred collection of samples related to a particular

aspect or through contaminated or erroneous data.

Statistical problems include the probability of random fluctuations
(Shennan 1979), the significance of the height of maxima and minima

and the number of radiocarbon dates needed.

Geyh (1980) showed that the presence of significant maxima and

minima i.e. those that relate to real events as opposed to random events
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is dependent on the number of dates used and the size of the class interval.
He identified :

- reliable histograms, which are constructed from at least 25 dates

per class interval of two standard deviations of the average 14

C date.
Real minima with a width of at least 1 class interval can then be reliably
identified.

- common histograms, with between 4 and 25 dates pér class interval and

- unreliable histograms that have a population of less than 4 dates
per class interval, real minima can then only be detected with reference
to the geological record.

Interpretational difficulties arise because the exact nature of the
relationship of peat growth to sea-level movement is poorly understood '
and it is not known how periods of synchronous peat growth and non-peat

growth relate to the transgression - regression schemes derived by other

methods (Shennan 1980).

An alternative but associated method is to screen the data before
histogram construction assessing the tendency of sea-level movement
for each index point (Morrison 1976, Shennan 1982). With the éddition
of this extra factor further difficulties are encountered. The initial
histogram analysis charted peat growth and no peat growth. With
tendencies added there is potentially more bias in between area com-
parison from the inclusion of data points from regions differing in
isostatic uplift or subsidence and which will greatly affect the regist-
ration of positive and negative tendencies. In this study all dates
are from isostatically uplifted areas and even though uplift may be
differential (since areas with similar isostatic histories have not
been defined) it is felt that less bias will accrue than if data points

were included from areas with different tectonic histories of uplift
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and subsidence (Morrison 1976).

Theoretically areas showing greater uplift will register prop-
ortionately less positive tendencies. However much depends on the scale
of resolution of the technique. With such a poor data base and with

refinement of the 14

C method of the order of c. 100 yrs it is suggested
that the technique should only be seen in this study as an exploratory
attempt to identify regional tendencies with a timescale of c. 100 -

200 yrs, no different from that available from the geological record.

A1l published Scottish radiocarbon dates from a Flandrian coastal
context were abstracted from the journal Radiocarbon and placed on
computer file. Only Flandrian peat dates (Younger than 10,000 B.P) were
retained for further analysis. 99 dates remained, including 3 dates

14C

from Barnyards and Arcan Mains (but not the 6 recent provisional
dates) and they are shown in table 8.1. No tendencies of sea-level
movement were assumed and no screening for erroneous dates such as those

comprised of allochthonous material was undertaken,

A histogram was drawn using the program MHIST, GEN and it is
reproduced in fig. 8.1. The ordinate scaleorhetght is proportional to
the standard deviation of the dates used. The 99 dates are spread over
a period of c. 8000 yrs or 160 class intervals which means that it can
be regarded, according to Streif (1980), as an unreliable histogram.
However, certain tentative conclusions can be drawﬁ with reference to
the geological record. The broad minimum at 8700 - 9150 B.P. appears
to be in agreement with the age of the Low Buried Shoreline of the Forth
and Tay (Sissens and Brooks 1971, Cullingford et al. 1980). The peak
between 8000 and 8700 B.P. suggests a period conducive to peat growth
during a fall in sea-level. However, the minimum at ¢ 7900 B.P. and the

maximum at 7500 B.P. are harder to explain. There is little support in



901
202
903
904
905
206
907
908
909
910

oll-

912
913
914
915
916
o17
918
919
920
921
922
923
924
925
926
927
928
929
930
231
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
c4g
- 949
S50
951
952
953
954

49~

TABLE 8-1 SCOTTISH Cl4 DATA — UNSCREENED

IAB.
OODE

SRR66
SRR67
SRRGS
SRR09
SRR70
SRR71
SRR72
NPL127
12795
SRR1.399
SRR1388
SRR1397
SRR1147
SRR139%4
SRR13%6
SRR1395
SRR1401
SRR1400
SRR1150
SRR1151
SRR1510
SRR1511
IGs1
IGs2
IGS3
SRR1331
SR}1332
SRR1333
SRR1334
0421
Q422
SRR1148
SRR1149
BIRME67
BIRM823
SRR869
SRR386
SRR26
0640
Q541
Q639
0538
Q637
I5070
I5069
I50G8
I5514
I5513
Q642
Q318
BIR45
BIRM187
BIRML90
BIRM188

SITE

| PONGAVIE, TAYSIDE
“BOHGAVIR ' TAYSIOR

PC{GAVIE, ToY3IDE
BURNSIDE,TAYSIDE
BURNSIDE, TAYSIDE
CAREY , STRATAEARN
CAREY , STRATHIEARN
CAREY , STRATHEARN
CAREY , STRATHEARN
TNERNETHY
IRNERNETAY

CORCON , STRATEIEARN
CORCON , STRATEFARN
CULFARGIE, STRATHFARN
CULFARGIE , STRATIEARN
KINTILIO , STRATHEARN
KINTILLO, STRATHEARN
GLENCARSE, STRATEERRN
CIENCARSE , STRAGIZARN
HOLE OF CLIEN

EOLE CF CLIEd
ST.MICHARLS,FIFE

ST .MICHAELS,FIFE
ST.MICHAELS,FI S
ST.MICHARLS , FIFE
ST.MICHAELS,FIFE

T MICEAELS,FIFE

ST .J4ICHAELS ,FIFE
EASTF.CF DUNZARIEY
BROCMBAENS, TAYSIDE
FULLERTON , KINCARDINE
FULLERICN , KINCERDINE
FULLERTCY , KTHCARDING
FULLERICN , X[1:CARDINE
MARYTCN , KINCARDINE
ARCIER, TAVSIDE
MUIRERD FLOW
GIRVAN,AYRSHIRE
GIRVAN,ENOCH,AYR .
NEFICN STEART
IOCHAR MOSS,CUMERIES
RECKIRK POINT

 NEWBIE COTTRGES

WaEST PRESICN
WIGTCHN BAY
CARSLEMINROCH

KOSS OF CRES
DUNDONALD BURN
GATEACISS OF FLEET
ROBERTHILL,CTHIRIES
GIRVAY,RLY.BR.AYR
TUXNBERRY BR.AYR
BARGRLY '

AGE

8150
8320
8331
8170
8ol
7778
0524
7605
9640
8555
£505
7530
8370
7525
760
7555
7465
7180
65679
63063
6170
7500
5630

o~

7GG3
9945
5820
7310
7050
7555
g42

€354
6704
70E

6E8

7140
73490
9730
4746
9020
9362
6159
6645
8135
4290

1850

2290
6325
4000
9620
6244
3847
8400

8420

7960

STD.

DEV. )

50
57
74
67
52
55
67

180

140
60-
50
50
45
50
50
50
55
55
40
40
90
50

110

130

160
95

100

100

110

157

143
55
50

110

120
75
60
50

150

150

120

120

150

100
95
95

120

120

150

140
60

200

150

350

N.GJR.

-32912

32912
32912
33259
33259
31747
31747
31717
31717
31599
31899
31899
31845
31545
31625

31625

33143
33148
32022
32522
32050
32050
34541
34541
34541
34540
34540
34540

"34540

0

0
36748
36748
3G743
36748
36837
32743
24530
21910
22040
241€0
30560

33020 -

31650
29520
24400
24438
24456
23370

0
31100
21500
22020
25960

72532
72532,
72532
728¢€1
72361
71703
71703
71710
71710
71783
71783
71783
71813
71813
71717
71717

71766

71756
72256
72256
72030
72030
72348
72348
72348
72350
72350
72350
72350

0

0
75605
75605
75605
75605
75650
74173
56200
59870
59930
56400
56800

-56510

56510
55530
55300
56263
56147
63730

0
57970
59850
60630

55890
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TABLE 8-1 (CCNTINUED)

955 BIR189
956 Q398

957 BIiRi1219
958 BIRM221
959 BIR¥218
960 BIRM220
961 BIR:222
962 GU373

964 CU375

9265 BIRM256
966 BIRM258

967 BIRM323

968 BIRM324
969 BIRM325
970 BIRMALS
971 IGS149
972 I1GS150
973 Q1172
974 SRR381
975 SRR382
976 CU64
977 GJG5 .
980 0533
981 11839
982 11838
983

984

985

986

987

988 Q6467
289 Q230
991 BIRi652
992 SRR353
993 11543
994 Q666
995 SRR371
996 BIRY2
997 BIM3
998 BIRM4
999 BIR¥13
1002 SRR1068
1003 V1010
1004 HV1012
1005 EV1013

PALNURE
BRIGZOUSE BAY
PALNURE BURN
WOODSIDE, IRVINE,AYR
NEWBIE COTTACES
NEWBIE COTTRGES
NEWBIE COTTAGES
DUNDONALD BURN
NEWBIE MATINS
BATTLEHILL , ANNAN
HORSEEOLM, DUMFRIES
SCUTH CARSE
MIDTCHN , DUMFRIES
NE#BIE COTTAGES,AYR
PATNURE

TROON, AYR
TROON,AYR

LOCH SNIOGRAVAT
DUNCONATD BURN,AYR
CUNDGNALD EURN,AYR
NEWBIE OOTTAGES,
SANDYKNCHE BRIDGE
FLENDERS ¥0OSS
KIPPEN,FORTY VALLEY
KIPFEN,FOR VALLEY
SOUTH FLANDERS
FASTER OFFERANCE
WEST FLANDERS OSS
WEST FLANDERS #0SS
DRIPEND

- LITTLEWCOD,KIPPEN

AIRTH COLLITRY
XINFAUNS ,,PEETH
CRESNHILL ,CRIZFF
BENRECULA
HEATHERSEOT, PERTH
SALT NESS,SERTLANI
LINWCOD MOSS , RENFREW
CLIPPENS FALM
WESTER FULWIOD
LINYCOD MIES
CRCHMARTY FIRTH
BEZRNYARDS

ARCAN

ARCEN

1006 BIRM11Z2 BARTYARDS 14B
1007 BIR41123 BARNYZRIDS 14B
1008 BL41124 MONIACK 4B

1009 BIR{1125

MONIACK 48

1010 BIRM1126 MONIACK 438
1011 BIRM1127 NMONIACK 4B

62490
9540
7450
3944
34380
5630
7540
8950
7812
6500
5410
9390
6470
7400
6540
8015
S0S0
4588
8070
9730

7254

7425
5482
8580
8270
8010
7489
640
6135
4120
3249
8421

5150

G550
5700

365

3040
3572
8231
8039

~r

3513

- 8748

9200
5775

7700

5510
9610
4760
7100
7270
7430

240
180
200
190
110
116
150

S0

131

250

160
130
280
1590
120
120
320
90
70
S0
101
136
150
140
160
130
125
125
105
105
160
157
100
70
120
150
50
64
95
128
56
80
10
€5
g0
80
130
20
120
90
170

24500
0
24500

23300

31680
31670
31660
23370
31710
32157
30313
29283
31189
31644
24500
23361
23361
6380
23372
23372
31670
30170
0
26300
263200
26310
25820
25660
25600
27480
26549
25060
1660
20182
769

0

3443

4330
243320
24320
24390
25870

56367
0
56576
63670
56480
55490
56500
63720
56510
56494
57062
55944
56577
56515
56267
63111
63111
6080
63717
63717
56490
57769
0
695600
656C0
69510
65520
69550
693550
650650
695692
68700
62140
82376
88498
0
5035
6540
66540
66590
66640
86150

N.B. DATES 1006 TO 1011 ARE NOT INCLUDED IN THE EISTOGRAM ANALYSIS



Fig. 8.1 A

Fig. 8.1 B

Location of index points used in
initial histogram analysis including
also the six provisional ]4C dates

from the inner Moray Firth area.

Frequency distribution histogram
using 99 unscreened ]4C dates from

a Flandrian coastal context.
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the geological record as known to suggest a period of ingression and no
peat growth followed by a period of sea-level fall and a greater extent

of peat growth at these times. Alternative explanations could include a
14

random factor, distortions of the "'C time scale or sampling bias. A
notable feature of the histogram is a consistent fall from 7500 to

6850 B.P. which could be correlated with the rapid rise of sea-level

to the Flandrian maximum. In the Forth and Tay and on the outer east
coast of Scotland Sissons (1976) and Morrison et al. (19§1) consider the
Main Postglacial Shoreline to be slightly diachronous having an age of
c. 6400 B.P. in the western Forth Valley, c. 6100 B.P. in the mid Tay
valley and 5800 B.P. on the east coast north of Aberdeen and in North
East Fife. The histogram does show two minima at 6400 - 6450 B.P., and
5950 - 6000 B.P. with a slight rise in between. The significance of

this rise is not known however. Minima from c. 5000 B.P. to the present

probably record a lack of dated samples at these times.

The dates comprising the initial histogram were not screened and
included clearly allochthonous dates such as SRR 1068 from the Cromarty
Firth (Peacock et al. 1980). In order to remove dates of dubious
quality and to assess the tendencies of sea-level movement the original
99 dates were screened individually to assess their relevance as sea-
level indicators. 64 dates remained 35 were termed indicative of a
positive tendency and 31 as negative. The discrepancy occurs since
dates, such as Q641 9362 I 150 B.P. from Girvén were considered to
represent equal evidence for both positive and negative tendencies.
The resulting double-edged histogram is shown in fig. 8.2 and the data
given in table 8.2. It is comprised of an average of 0.5 dates per
class interval for positive tendencies and 0.2 dates per class interval
for negative tendencies again both showing unreliable types, maxima

and minima can be expected to be influenced greatly by random factors.



TABLE 8~2  SCOTTISH Cl4 DATA WITH TENDENCIES

IAB.
CODE

901 SRRG6
902 SRR67
903 SRR6S
903 SRR6S
904 SRR69
905 SRR70
906 SRRTL
907 SRR72
908 NPL127
909 12796
910 SR21399
910 SRR139
911 SRR1398
912 SRR1397
913 SRR1147
914 SKR13%
915 SRR1356
016 SRR1395
. 917 SER1401
. 918 SRR1400
919 SRR1150
920 SRR1151
921 SRR1510
922 SRRI511
923 IGS1
924 1GS2
925 IGS3
926 SRFR1331
927 SRR1332
928 SRR1333
929 SRR1334
932 SRR114
933 SRR1149
934 BIKYI67
935 BIR:823
936 SRR869

-+

I u

SITE

PCHGAVIE, TEYSIDE
FCUGAVIE, TAYSIDE
PCHGAVIE, TAYSIDS
POYGAVIE, TRYSID
BURNSIDE, TAYSIDE
BURNSIDE,TAYSIDE
CAREY , STRATHEZRN
CAREY , STRAT-IEARN
CAREY , STRATHEARN
CAREY , STRATAEARN
INNERNETT

TANERNETHY
TINERIETHY
INNERNETHY
CORDON , STRATHEARN
COKCCN , STRATHERRN
CULFARGIE , STRATHEARN
CULFARGIE, STRATHRARN
KINTILLO , STRATHEARN
KINTTLLO , STRYTHEARN
GLENCARSE, STRATEEARN
GLENCERSE , STRATHEARN
EOLE OF CLIZN

EOLE OF CLISN

ST MICHAELS, FIFE

S .MICHAELS,FIFZ

51 MICHRELS, FITE

ST JMICHAELS ,FIFE

ST MICEARLS,FIFS
ST.MICHAELS ,FIFs

ST JMICHAFLS ,FIFE
FULLERTON , KINCARDINE
FULLERTCN , KIKCARDING
FULLERSON , KINCARDINE
FULLERTON , KIKCARDINE
MARYTON ,KINCARDINE

2ACE

8150
8320
833

8331
8170
8616
7778
9524
7605
9540
8555
8555
£505
7520
8370
7525
7780
7555
7465
718

6579
5083
6170
7500
533

7505
5945
5250
7210

. 7050

7555
5704
7086
6830
7148

7340

POSITIVE TENDENCY

NEGATIVE TENDENCY

STD.
DEV.

50
57
74
74.
67
52
55
67
180
140
60
60
50
50
45
50
50
50
55
55
49
40
S0
50
110
130
160
95
100
100
il0
55
50
110
120
75

N.G.R.
32012 72532
32912 72532
32012 72532
32012 72532
33259 72851
33259 72851
31747 71703
31747 71703
31717 71710
31717 71710
31899 71783
31899 7173
31899 71783
1899 71783
31645 71813
31545 71813
31625 71717
31625 71717
33148 71766
33148 71766
32022 72256
32022 72256
32050 72030
32050 72030
34541 72348
34541 72348
34541 72348
34540 72350
34540 72350
34540 72350
34540 72350
36748 75605
36748 75605
36748 75605
36748 75605
36837 75650

TENDENCY

b+d +d++ 0+ 0+ +F 0+ 0+ 1+

P4+ 1 4+ 1

b+ L+



937 SRR386
940 Q541
940 Q641
942 0538
944 15070
945 15069
961 BIRM222
962 GU373
965 BIRM256
966 BIRM258
967 BIRM323
967 BIRM323
. 968 BIRM324
969 BIRM325
970 BIRMALS
971 IGS149
973 Q1172

974 SRR381

976 GU64
981 11839
982 11838
983

984

985

989 280
992 SRR353
999 BIRM13
1003 HV1010
1004 HV1012
1005 HV1013

-255.-

TABLE 8-2 (CONTINUED)

ARDLER,TAYSIDE
GIRVAN,ENCCH,AYR
GIRVAN,ENCCH,AYR
LOCHAR 0SS ,CUMFRIES

" NEWBIE COTTAGES

W.PRESTCN

NEW3IE COTTRGES
DONDCNALD EURN
BATTLEATLL , ANNAN
HORSEHOLM,; DUMFRIES

SCUTH CARSE

SCUTH CARSE
MIDTCWN,CUMFRIES

- NE'BIE COTTAGES,AYR

PAILNURE

TROCN ,AYR

ICCH SNIOGRAVAT

LUNCCNATD EURN,AYR

NEVWBIE COTTRGES

KIPPEN,FORTH VALLEY
IPPEN,FORTd VALLEY

ECUTH FLZNDERS

EASTER OFFERERCE

WEST FLANDERS MTSS

ATRTH QOLLIERY

GREENHILL,CRIEFF

LINWOOD MOSS

BARNYARDS 3B

ARCEN

ARCAN

9730
9362
9362
6645
4290
1850
7540
8950
6800
5410
9390
9380
6470
74C0
6540
8015

4683

€070
7254
€690
8270
€010
7480
6460
8421
S590

3513 -

9200
5775
7700

60
150
150
120
100

S5
150

S0
250
160
130
130
260
159
120
120

90

70
101
140
160
130

125 -

125
157
70
56
1C0
85
&0

32743
22040
22040
30560
31650
29520
31660
23370
32157
30313
29333
29883
31189
31644
21500
232361
63500
23372
31670
256300

-26300

26310
25820
25600
25060
20182
24330

74173
58930

159930

56800
56510
55530
56500
63720
56494
57062
55944
55944
56577
56515
56307
63111
60500
63717
56420
69600
69600
65610
65520
69550
68700
82376
66640

P+t +4+-+1 11 +1 3

L L4+l 4++1+1 +1

-+



Fig. 8.2 A

Fig. 8.2 B

Location of screened index points

used in histogram analysis

Frequency distribution histograms
using screened data. The number
of dates for negative tendency

should read 31
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It should be expected that real minima - that represent an actual
lack of peat dates caused by marine 1ngre§sion - should be. ccincident in
both histograms or perheps slightly offset with the minimum being .
recorded in the transgressivg tendency histogram siightly before the

equivalent minimum in the regressive tendency histogram.

There are two such occurrences in the diagram. The upper hist-
ogram shows a minimum almost reaching the base line at 9150 B.P. with a
corresponding though slightly later minimum in the lower histogram at
8900 - 9050 B.P. A second minimum occurs in the upper histogram between
6300 and 6450 and 6300 B.P. The two minima could be interpreted as
correlating with the - Low Buried Shoreline and Main Postg]acial'

Shoreline of the Forth, Tay and east coast of Scotland.

A further notable feature is the lack of dates showing negative
tendencies between 8000 and 6700 B.P. suggesting a significant regional
rise of sea-level. After 6000 B.P. there are no dates that record a
positive tendency indicating that relative sea-level fall obtained

throughout Scotland contrary to Jardine (1975).

Histogram analysis is therefore likely to become an increasingly
used technique as the data base expands. For Scotland the technique
is based on poor data. It does show well the general rise in relative
sea-level between 8000 and 7000 B.P. with a fall from c. 6000 B.P.
It also perhaps indicates a degree of diachroneity for the formation of
the Low Buried Shoreline and Main Postglacial Shoreline yet with a
degree of precision no greater than that given by an initial inspection

of the geo]ogiha] record.
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8.3 Comparison of sea-level changes in the inner Moray Firth with
‘other areas of Scotland

J.B. Sissons (1981b) has recently identified a thin but widespread
gravel layer of marine origin between Late Devensian and marine deposits
undef]ying the Beauly Carse. The shoreline of the gravel layer
of which he correlates with the Main Lateglacial Shoreline (Sissons
1974) and he suggests it resulted from an erosional phase during the

Tow sea-level of Loch Lomond Stadial times.

At Barnyards beneath the lower peat the presence of a coarser
layer of silty sand overlying finer silty clays, all of Late Devensian
age - suggests a higher energy environment. The altitude of the silty
sand layer - at 1.25-1.95 m. is quite comparable in altitude to the
feature described by Sissons. He considers the gravel layer to have
two components, a gentle seaward sloping surface with a shoreline at the
break of slope is suggested to vary between 1.1 and 2.6 m. 0.D. The
method used to detect the layer consisted of pushing rods down without
sampling until a resistant stratum, presumed to be the gravel layer,
was encountered. This method must produce a degree of subjectivity.
However, the broad conclusions are accepted and the Barnyards site is
suggested to contain evidence of én erosive phase during the Late
Devensian which may correlate with the feature described by Sissons.
Its compoéition is not of gravel, however, which probably reflects the

different methods of sampling ahd'recording.

The sequence of shorelines (sensu Sissons 1966) has not been
outlined for Fhe Moray Firth area yet sea-level movements for the
period 9600 - 5800 B.P. have been described in Chapter 7. . The lower
peat at Barnyards has similar age, stratigraphic relationships and

pollen characteristics to the thin peat layer overlying the Main



A

Buried Beach (Hewey 1966, Sissons 1966, Brooks 1971). The age of the
landward limit of marine clastic deposition preceding peat formation is

1 14¢ data of 9610 * 130 B.P. at BY14B - very

given by the provisiona
comparable in age to the Main Buried Shoreline of the Forth and Tay

dated at 9600 B.P.

Rates of sea-level change determined by the two dates on the
regressive overlap at Barnyards calculated between BY14B and BY3B gives
a maximum of 3.17 m/100 yrs and a minimum of 0.56 m/]OO.yrs (Chapter 7).
.In order to assess rates of chaﬁge in sea-level in the Forth and Tay
at this time data were extrapo]atéd from the sea-level curves of Sissons

and Brooks (1971) and Cullingford et al. (1980).

In the western Forth Valley if 9600 B.P. and 9.9 m. is accepted
for the age and altitude of the Main Buried Shoreline and 8900 B.P.
and 6.8 m. for the succeeding trough or regression minimum in the curve
between the formation of the Main and Low Buried Beaches, it suggests a

rate of fall of 0.44 m/100 yrs.

Similar cé]cu]ations for lower Strathearn using 3.2 m. and
9600 B.P. for the age of the Main Buried Shoreline and 2.6 m. and 8800 B.P.
for the succeeding minimum results in a rate of fall of 0.075 m/100 yrs.
The comparison of rates therefore shows the minimum estimate from the
Moray Firth is larger than the western Forth, an area accepted as héving

a greater magnitude of total uplift. Reasons for this could include

- a different isostatic history for the Moray Firth area in the
early Flandrian caused for instance by the migration of the forebulge

or a redistribution of the isobases.

- a phenomenon of the data collection. The accepted practice in
the Forth and Tay has been to date shorelines, not the most seaward

expression of biogenic sedimentation, therefore the minima on the -
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curves of Sissons and Brooks 1971 and Cullingford et al. (1980) are
extrapolations and may be in error. If isostatic history is to be
explained then data are needed from other locations than at the Tand-

ward 1imit of marine activity.

| The difference in grédient of the respective curves can be seen
in fig. 8.3 where selected sea-level curves are plotted on the same
axis. The curves used are those from Sissons and Brooks (1971)
Cullingford et al. (1980) and two from Jardine (1975) in addition to
the index points from the Moray Firth area. The two curves from eastern
Kirkcudbright - Dumfries and Wigtown Bay differ from the originals
published by Jardine (1975) however. Jardine calculated tidal correction
factors to reduce the 'primary' index points to 'secondary' ones which
recorded the course of Mean Tide Level. Because none of the other curves
have been drawn to MTL for ease of comparison in fig. 8.3, Jardine's
two curves, 3 and 4 are drawn using the original primary points and will
therefore differ from the published curve. The inner Moray Firth index
points are the only ones to use indicative range of index point to a
reference tide level and to include error boxes for age and altitude,
the latter based on sampling error, error in tide level and indicative

range.

It is not known if the equivalent of the Low Buried Beach of the
Forth exists in the Beauly area. There is the suggestion of a break
in slope between BY7 and BY8 (figs. 5.2 and 5.3) but it has been inter-

preted as a channel deposit. The pollen and 14

C data at BY3B suggest
an age older than the Low Buried Beach of the Forth dated at 8800 B.P
in the Forth (Sissons 1966) and perhaps 8500 - 8600 B.P. in lower

Strathearn.

One of the more striking features about fig. 8.3 is the dis-

similarity of the two curves for the north shore of the Solway Firth
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Fig. 8.3 Selected sea-level curves from Scotland compared

to the inner Moray Firth index points.

1.
2.

Western Forth Valley (Sissons and Brooks 1971)
Lower Strathearn (Cullingford et al. 1980)
Eastern Kirkcudbright and Dumfriesshire.

N.B, Curve drawn through original data points
(after Jardine 1975)

Wigtown Bay. N.B. Curve drawn through original

data points (after Jardine 1975)
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to the rest. This has been suggested, in Chapter 3, to be due to-
differences in data interpretation rather than to actual differences in
the altitude and timing of transgressive and regressive overlaps. If
the suggestions made in Chapter 3 are implemented and concerning the

change in interpretation of certain index points (e.g. South Carse,

1+

9390 - 130 B.P.) and the rejection of others (e.g. Redkirk Point

1+

8135 I 150 B.P. and Newbie Mains 7812 ¥ 131 B.P.) it is remarkable how

the 'redrawn' curve parallels that of lower Strathearn.

The period of low sea-level shown in the western Forth curve
between 8690 ¥ 140 B.P. and 8270 ¥ 160 B.P. has a later age of between
8370 * 45 B.P. and 7525 ¥ 50 B.P. for lower Strathearn perhaps indicating
differential isostatic uplift causing slight diachroneity. The com-
parable low point in the inner Moray Firth area lies between 9200 I 100 B.P.
and c. 1000 yrs later estimated from pollen evidence at BY3B and
supported by the radiocarbon date from theCromarty bore C2 mentioned
above. (Peacock et al. 1980). .This difference in postulated age for
: ghe inner Moray Firth with respect to the Firth and Tay may again reflect
the different approaches used and the fact that no oscillation equivalent

to the rise and fall in sea-level that led to the formation of the Low

Buried Beach has been determined in the inner Moray Firth.

The thin grey silty sand layer found at Moniack to certain marine
diatoms and at Barnyards where it lies solely within the upper clastic
sequence is provisionally dated between 7430 T 100 B.P. and 7270 ¥ 90 B.P.
It is correlated with the grey micaceous silty fine sand layer of
Smith et al. (7980) and Morrison et al. (1981) which is dated between
7555 - 7180 B.P. in East Fife and 7140 - 7050 B.P. at Fullerton near
Montrose. There is therefore evidence for a discrete event prior to the
culmination of the main Flandrian rise in sea-]ecel in eastern Scotland,

though it is not recorded at all sites. The range of recorded altitude
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of the layer is approximately 4-6.5 m.0.D. in the Montrose area and
c. 4.5-9 m. in the East Fifé area., At Moniack recorded altitudes"range
from 5.95 m. to 8.33 m. and at Barnyards from 3.73 to 5.11 m. At
Barnyards the layer is not recorded landward of BY10 yet the altitudinal
range at Moniack suggests that the erosive transgressive overlap
at BY14B (7.88 m) is within the range of this event. Pollen evidence

from BY14B suggested this transgressive overlap is dated some time

after c. 7200 B.P.

The cause of formation of the layer is not known. Theories
advanced include a storm surge (D.E. Smith unpublished) or a minor trans-

gressive episode succeeded by a slight regression (Smith et al. 1980).

A storm surge hypothesis is attractive. The sand layer is
certainly a unique event in the mid-Flandrian history of the east coast

of Scotland. Arguments in favour of a surge could include:-

- the layer is usually thin 20 cm. is uniform in grain size (a

sandy silt) and often has an erosive lower contact.

- the age of the layer is remarkable uniform (if correctly corr-
elated) being c. 7300 B.P. in the inner Moray Firth, 7555 - 7180 B.P.
in East Fife and 7140 - 7050 B.P. at Fullerton near Montrose.

= it is precisely in the more landward positions relative to the
contemporary tidal range that one would expect evidence for extreme
events to be preserved, more seaward locations would be susceptible to

later reworking by natural coastal processes.

- an extension of the former point, it could be suggested that the
slowing in the rate of sea-level rise compared to the period
8200 B.P. - 7500 B.P. would initiate conditions more likely for the

preservation of such a layer.
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The search for modern analogues is probably meaningless with
so much of the present coastline the product of man's activities, indeed
it is doubted if a completely natural coastline showing a transition

from intertidal -+ saltmarsh -~ reedswamp + freshwater Alnus or Quercus

fen exists today.

Kumar and Sanders (1976) have described characteristics of modern
and ancient storm deposits and consider them to contain a distinctive
three part sequence; from the base upward consisting of (a) a basal lag
containing coarse gravel (b) finely laminated sand up to 2 m. thick

(c) burrow-mottled sand coarser than (b).

The Tower two units (a) and (b) are cdnsiaered to result from
storms, the lag formed during maximum storm intensity and the overlying,
finer sand is inferred to have been deposited rapidly under conditions
of intense bottom shear as the storm waned. The upper unit is considered
to result from fair weather.processes creating wave-ripple laminae
between the wave base and the breaker zone or burrow-mottled sediment

further to seaward(p.145).

The environments studied by Kumar anq Sanders are not strictly
~_comparable to the predominatly low energy sedimenfary environments

in which the s;nd layer is preserved today. In these environments
conditions leading to the creation of a gravel lag deposit would not
operate. However, an attractive origin for the sand layer could be
that of rapid deposition out of suspension. At M4B diatoms counted
through the sand layer proper (zone M4BD1) show little variation in
species content or species numbers, which could suggest rapid

deposition.

Evidence from the 1953 storm surge shows no evidence that
sediments such as those found at M4B were laid down extensively. In

south-east England the only sedimentary evidence on the natural coast
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was a thin veneer of clay of limited extent and closely association
with dune breaching (Tooley 1979). The sand layer is an exceptional
event however and comparison with a storm surge with a return period .
of 10 years that affected a largely man-made coastline is probably

invalid.

An alternative interpretation for the Tayer could include
that it represents a minor transgressive episode within-a general
period of rising sea-level. At M4B the initial erosive phase repres-
ented by the sand layer is succeeded by a succession in diatoms from
marine to brackish spectra. The thin overlying Phragmites peat
contains no evidence for environmental succession that may be expected
under conditions of falling sea-level and the sequence'could be intgr-
preted as an initial erosive event caused by a rise in sea-level followed
by a fall or equally a decrease in the rate of rise allowing peat

accumulation over brackish facies.

If the sand layer has an eustatic origin it should be capable of
resolution in the available eustatic curves. Morner's eustatic curve
(1979b) does show a distinct oscillation with a fall in sea-level
recorded at c. 7000 B.P. as does the sea-level curve for north-west

England (Tooley 1974).

In an uplifted area rises in sea-level are events of inter-
regional significance but tend to record a shorter time span for the
event than in areas of less isostatfc uplift. Therefore a sudden increase
or pulse in the rate of sea-level rise in an uplifted area, if it has a
eustatic origiﬁ, should be capable of identification in areas of less
isostatic uplift. It is perhaps indicative of the scale of resolution
of the eustatic sea-level curves mentioned above that no increase in

the rate of sea-level rise is shown at this time. Alternatively it
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could be argued as proof of a storm'surge origin. g

"The culmination of the Flandrian rise in sea-level is recorded
at an altitude of 9 m. and an age between 7100 % 120 B.P. and
5775 ¥ 85 B.P. with a preferred age of 6100 - 6400 B.P. Table 8.3
compares age brackets and altitude information for the formation of the
Main Postglacial Shoreline in eastern Scotland and the Flandrian maximum

of sea-level rise for the Solway Firth area (Jardine 1975)

TABLE 8.3
Location Altitude (m) " Preferred age (B.P.)
East Fife _ c. 83m 5900 (1
Mid-Tay 9.7 - 11.5 m. 6100 (1)
Western Forth 14.4m. 6600 (2)
Moray Firth 9m. 6100 - 6400
Kirkcudbright 8.18 m. 4300 (3)

There is therefore some evidence for a diachroneity of the
Flandrian culmination of sea-level away from the centre of isostatic
uplift. The resolution afforded by the inner Moray Firth data is poor
however since of the three ]4C dates on the upper regressive overlap,
the Arcan Mains data is considered the most reliable and the site is
some 5-6 km. north-west of Barnyards and Moniack. The dates are
compa;able to those published apart from the Solway Firth and together
with the comparable altitudes and with no evidence of a higher Flandrian
shoreline in the inner Moray Firth the maximum altitudinal limit of the
Flandrian marine sequence at Moniack, Arcan and Barnyards is equated
with the Main Postglacial Shoreline. More 14¢ dates are needed to allow
meaningful suggestions about diachroneity or synchroneity and much

more care needs to be taken that similar features are being compared

(see Section 8.5).
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8.4 A preliminary isostatic curve for the Moray Firth area

Two isostatic curves are available for Scotland (Sissons and

Brooks 1971, Cullingford et al. 1980). Their construction uses the

relationship S + E = I where.

S = Re]afive sea-level
E = Eustatic sea-level
I = Isostatic recovery

The eustatic factor used in the two curves, from the western Forth Valley
and lower Strathearn was a mean value calculated through extrapolation
from several 'eustatic' curves. For the inner Moray Firth area, as

a first approximation, values were extrapolated from three 'eustatic'
curves (Tooley 1974, M8rner 1979b and Kidson and Heyworth 1978) for each
index point age, averaged and added to altitudes converted to MTL.

Fig. 8.4 shows the preliminary isostatic curve. The comparable curves

for the Forth and lower Strathearn are also shown.

The diagram shows that.;he inner Moray Firth area has an isostatic
uplift history comparable to the Forth and Tay areas with c. 42 m. of
total uplift since 9600 B.P. and 11.5 m. since 5800 B.P. These figures
should only be seen as approximate since the construction of the diagram
is prone to many errors especially in the determination of altitude,
such as those relating to the accuracy of the original index point
altitude, the accuracy of interpolation from the eustatic curve and the
accuracy of the original eustatic curve. The isostatic curve for the
inner Moray Fi(th is drawn within an altitudinal error band equal to the
original error boxes of the index points. The total error is consider-

ably larger.

Nevertheless several interesting features are apparent in the

curve, Firstly, the initial amount of uplift in the inner Moray Firth
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Isostatic recovery curves for Scotland I

Tay curve from Cullingford et al. (1980). Forth
curve from Sissons and Brooks (1971). Inner

Moray Firth curve calculated from original 9

index points reduced to MTL and with the eustatic
component added. The @ustatic comiponent is
calculated as the mean value of 3 'eustatic' curves
(MBrner 1979, Tooley 1978a, Kidson and Heyworth

1978) at each corresponding age.
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appears to have been greater than that of the Forth at c. 9200 B.P.
Secondly, the rate of isostatic uplift for the inner Moray Firth appears
to have been greater than in both the Forth and Tay until c. 7300 B.P.
Thirdly, the inner Moray Firth and Tay curves appear to cross at

c.6500 - 7000 B.P. with the fay recording a greater amount of isostatic
uplift since that date.

One possible explanation of these features is that they are real
differences and give evidence for differential isostatic uplift caused -

by differing glacial histories and geological structure between the areas.

However it is thought probable that the differences are a phen-
omenon of the method of curve construction and lie within the error
band for the resolution of the data. The uplift curves for the Forth
and Tay were constructed at 1000 and 500 yr. intervals, respectively,
whilst the Moray Firth area curve was based on the actual age of the
original index points. Furthermore the eustatic calibration of the
former two curves was derived from a number of 'eustatic' curves. The
Forth curve includes data from the curves of Godwin et al. (1958),
Shepard (1963), Schofield (1964), Moran and Bryson (1969) and M8rner
(1969) (in Sissons and Brooks 1971) and the Tower Strathearn curve -
called here the Tay curve - includes data from all five of the above
curves and in addition those of Kidson and Heyworth (1973) and Tooley
(1974). The Moray Firth curve was derived only frdm these latter three.
Recent work by Mdrner (1976) has effectively halted the search for a
global eustatic curve and therefore the Tay and Forth curves include
data from eustatic curves that probably contain error from including

data points from widely differing areas.

In an attempt to see if the differences in the isostatic curves
given in fig. 8.4 could be explained by differences in construction, all

three were redrawn in a similar way using an age for each individual
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Fig.'ﬁ:S Isostatic recovery curves for Scotland II.
A1l curves derived from original data points
fe]ated to MTL with the eustatic component
derived from M@rner (1979), for each

corresponding age.
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index point used in the original sea-level curve or time altitude graph
and a eustatic factor taken from the curve of M8rner (1979b) which is
claimed to be the bést approximation to the form of eustaticchange in
North West Europe. The result is shown in fig. 8.5. Thé variability
of the data is great caused in part by thé inaccuracy of interpolation
from an oscillating curve and therefore no reliance should be piaced on
the curves shown in fig. 8.5, they are to be considered merely an

exercise in assessing the isostatic factor.

The greater amount of isostatic uplift in the inner Moray Firth
area for 9200 B.P. compared to the western Forth is seen as a phenom-
enon of curve construction. However, the curves for the inner Moray
Firth and Tay still cross at c. 7000 B.P. suggesting a differential
rate of isostatic recovery between the two areas. It may still be
caused by the inclusion of data points from Barnyards 14B and Moniack
which are minimal ages for the removal of marine conditions from the
respective sites, the true age could be somewhat older and the dangers

of circular argument must be stressed.

However there is some support in the geological record for a
decrease in the rate of isostatic uplift in the inner Moray Firth area
with respect to the Tay. At Hole of Clien, St. Michael's and
Fullerton in the middle Tay valley, East Fife and near Montrose
respectively, the grey silty sand layer described in section 8.1 below
forms a distinct, separate, wedge into the coastal peat mosses. The
wedge extends further landward relative to the later carse deposits. At
Moniack the reverse is true and the grey silty sand layer, if correlation
is correct, does not extend into the coastal peat further than the
wedge formed by the blue-grey silty clay which is probably the correlative
of the carsé clay of the Forth and Tay. This could suggest a differential

isostatic recovery, though again the errors inherent in the above
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speculation are large and depend greatly on the validity of Tith-

stratigraphic correlation by chronostratigraphic means and the validity

- of Moniack as a site reflecting regional events since Moniack is'a site

open to local influences on sedimentation.

A further line of evidence supporting the speculation is the fact
that-the éorre]ative of the Main Buried Shoreline in the inner Moray |
- Firth is now at 6.59 m. compared to 3.2 m. in lower Strathearn and yet
" ‘the present altitude of the correlative of the Main Postg1acia]'Shqreline
is c. 9 m. though probably s]jghtly higher compared to a'maximum.of
11.5 m. in Tower Strathearﬁ. It is considered that while the speculation
of differéntia] rates of uplift between the Tay and Moray'Firth area -
due to the differences in glacial history and.tectonic history - is an
attractive one, the avai]abfe.data do not prove such a differential

isostatic history at present.

8.5 Other Correlations

The registration of positive and negative tendencies between areas
of uplift, stability and subsidence will depend greatly on the rate and
direction of the eustatic and isostatic factors as defined in chapter 1.
If a similar eustatic history can be assumed for Britain and perhaps even
north-west Europe then differences in the date of initiation of positive

and negative tendency periods wilf have an isostatic cause. It may
-therefore be suggested that in.a subsiding -area positive tendencies will
predominate, begin earlier and last longervthan in. a stable or uplifting
area; negative tendencies will probably reflect an inter-regional signif-
icant fall in sea-level. In an uplifting area negative tendencies will
predominate, begin earlier and last longer than a stable or subsiding
; area; positive tendencies will probably reflect an inter-regional,

significant rise in sea-level.

Given this theoretical background,correlation can be made between
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areas of different tectonic history to identify differences ih the reg-
- istration of positive and negative tendencies and to identify D0551b1e :
causes. This approach is hot incompatible with previous research in |
. Scotland which has tended.fo identify end name discrete features or
shorelines. If the definition of a shoreline by Jardine (1981) is
-accepted - that of the intersection.of'mean tide ‘level and the Tand
surface at any given time in any given area - then any sea-level index point . -
can be regarded as a shoreline for the scales of time -and space within |
,whfch it is considered to be representative. Shorelines such .as fhe
features described in the Forth and Tay would then only define the boundary
" conditions between the end of a positive tendency and the beg1nn1ng of a

negat1ve tendency perlod

In north-west England Tooley (1982) has identified twelve time
‘periods characterized by transgressive overlap and twelve time periods char-
acterized by regressive overlab Th1s new scheme, derived from a reassess-
ment of the basic data for north-west England is considered -to supersede
the Lytham I - IX transgress1on sequences which used mixed criteria to .
estab11sh the 11m1ts. ' |

The time 1nterva] c. 9300 B.P. to 8600 B.P. corresponds to the first
of Tooley's transgressive overlap periods. Th1s interval is based on three
14C dates from Heysham Harbour and two from deep boreholes in Morecambe
Bay. Of .the three dates from Heysham Harbour two are from the middle of
peat 1ayers and are disturbed samples. Only one date shows corroborat1ng
evddence for a rise in watertable, Birm.-140, 8925 i'200..B..P..some 63 cm. -
below the trensgressive overlap. The dates are not good evidence for the
initiation of.a transgressive episode prior to 9;000 B.P. and a later date
of c. 8900 B.P. is preferred. This suggests.the first period of trans-

gressive overlap can be considered as c. 8900 B.P..to c. 8600-8.P. This

time period is characterized by evidence for a negative tendency of sea-level
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chénge in the Moray Firth area. There are two possjb]e reasons for the

>a‘~propdsed opposite movements of sea-level between the areas at~this“time.

If the relationships mentioned above are valid, a.positivé tendency
period should start earlier in NW England than the Moray-Firth. DUe_fo _
lack of stratigraphic cohtro] provided by a shoreline sequence it is
unknown as yet if fhe equivalent of the Léw.Buried Shoreline of the Forth and
Tay exists in the Moray Firth area. Tooley's first transgressive overlap
period and dates of 8800 B.P. and 8500 - 86Q0;B.P; for the Low Buried
© Beach in the Forth“and_Tay do suggest further research may enable'further
| refinement of the chronoiogical scheme during the time period 9000 -

8500 B.P. in the inner Moray Firth.

.Aliernative]y the lack of a Low Buried Shoreline may reflect a
higher rate of isostatic recovery in the inner Moray Firth producing
continued negative tendencies. However, the dangers of a circular argument

must be stressed here.

The second time interval of transgrgssive overlap in north-west
England lasts from c. 8450 B.P. to ¢,7600 B.P. and corresponds to:the period.
of positive tendency in the inner Moray Firth area which commenced o
c.8550 B.P. The rise in sea-level between these dates was dramatic,
approximately 8-10 m. in north-west England and greater than this figure in
the inner Moray Firth area. Tooley (1974) has-suggested this dramatié |
resforation-of sea-level correlates with the final catastrophic disinteg-
ration of the Laurentide ice sheet (Bryson et al. 1969) consequent

upon the transgression of Hudson Bay.

Between c. 7400.B.P. and c. 7150 B.P. a second period of regreséive'
overlap is recorded in north-west England. This might be taken as evidence
to nggest thét the thin peat layer above fhe thin_si]ty}éand_]ayer at
Moniack dafed,at 720Q - 7100 B.P. may represent a fall in sea-level.

However the interval is-basgd on only two radiocarbon dates in north
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~ west England and such a conclusion is premature.

A further interesting feature of the scheme is the alternation of
transgressive and regressive overlap periods between 6750 and 5500 B.P..

Approximate dates are given below-in table 8.4

. TABLE 8.4
Transgressive ' ) Regressive
Overlap (B.P.) .. _ . Overlap (B.P.)
4. 6400 - 6450 | 3. 6500 - 6750
5. 5950 - 6000 4. 6050 - 6300
6. 5490 - 5750 5. ° 5750 - 5900

It can be suggested that if the transgressive episodes have regional sig-
nificance'they may well be capable of recognition in areas with increased
isostatic uplift. There are two time periods .given in table 8.4 that
provide optimum conditions for shoreline formation,between 6300_and'-

6400 B.P. and between 5900 and 5950 B.P. In Scotland the Main Postglacial
Shoreline is considered to have been formed c. 6400 B.P. in the western
Forth Valley, c¢.6100 B.P. in the Tay and 5800 - 5900 B.P. in East Fife. If
the transgressive episodes. recorded inanorth-Wegt EngTand do_have.reéional
significance then there is the possibility that in Scotland the differences
in date noted above may be caused by a clustering of ]4C:dates resulting
from a decrease in the rate of sea-level fall. Alternatively the diachroneity
may result from the practice of d#ting the shoreline. in different'ésfuarie§

- at differing distances from the centre of isostatic uplift.

| The earliest ]4C dated overlaps in the Fenland are found at'
Adventurer's Land, Guyhirn. (Shennan 1980) where ‘an erosional tranﬁgressive
- over]ap was dated at 6575 < 95 B.P. (Hv 10.011, AL4), and therefore data.
from this area only provides slight overlap in time with the scheme outlined

for the inner Moray Firth area. -Interestingly however the boundaries between
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Wash I, Fenland I and Wash II and Fenland II are considered c.6300 B.P.

. and ¢.5600 B.P. respectively, a slightly later end to transgressive episodes = ~

is suggested likely in a subsiding area such as the Fenland compared to -
. an uplifted area.- The data ake possibly not incompatible therefore |
with the idea of two periods registering negative fendencies in parts
of eastern Scotland at c. 6400 B.P. and ¢,5900 B.P. and gréat care
is sugéested when statements are made concerning the synchroneify or
diachroneity of the Main Postglacial Shoreline in Easfern Scotland
espec1a11y when the shoreline has not been traced between sites.

In Fennoscandia where tota] isostatic up11ft has been approx1mate1y
three times that of S;otland it is easier to d1st1ngu1sh between shqre]1nes
since isostatic uplift has raised and prgserved features shortly after

their formation.

.Tﬁe first F]andrian.transgression (ALV-2) in Sweden began ¢.9280 B.P.
énd reached its maximum at 8850 B.P. (M8rner, 1969). Other postglacial
transgression maximum (PTM) are given below where they overlap in time
W1th the inner Moray Firth area (Table 8. 5)

TABLE 8.5

Postglacial Transgression Maxima (after Mdrner 1969) for
the Kattegatt region 8800 - 5500 B.P.

ALV 2 | 8800 B.P.
PM 2 | : 6950 B.P.
PTM 3A " 6450 B.P.
PTM 38 6250 B.P.
PTM 4A - 5850 B.P.
PTM 4B 5650 - 5500 B.P.’

According to M8rner (1979) these osci]]afions are well dated and
stratigraphically separated, the peaks representing shorelines. It is
 vemarkable how these dates mirror #he accepted dates for shoreline formation
in south-east Scotland where the Low Buried -Beach is considered to have been

.formed at 8800 B.P. (Sissons 1976). The 6950 B.P. date is.close to that
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: suggested fof the 'grey micaceous silty sand' layer in the Forth (Sissons,
unpublished) and PTM 3A to 4A record three separate transgreésions covering
.. the time period assumed for the formation of the Main Postglacial Shoreline
.'-f (Morrison et al. 1980), a greater reso]ytion'of events being pos§ibTe in

:i Fénno;candia due to the increased amount of uplift compared to Scotland. .

Using diatom stratigréphy,‘DigerfeIdt (1975) identified seven
transgressions into a former lagobn at Barsebdckmossen, Western Skéne. Sweden,
‘The first is dated between 6750 - 7150 B.P., the second c. 6400 - 6200 B.P.
and the‘third from c)5900_- 5700 B.P. While it is accepted that-Digerfeidt‘s
transgreésion_scheme and of Mrner are constructed using different criteria
the broad agreement in age (to an accuracy of c. I 200 yrs) suggests similar

| processes were-operating. |
In Blekinge, Sweden, Berglund (1971) ideﬁtified six marine trans-

gressions, those that overlap in age with the inner Moray Firth include

“TABLE 8.6
I - 6950 - 6650 B.P.
I 6450 - 6250 B.P.
III - 5850 - 5550 B.P.
IV 5450 - 5250 B.P.

In conclusion it is remarkable how closely many of the shorelines
'noted for Sweden mirror those of Scotland in time of formation. The
greater degree of resolution afforded in Fennoscandia by the larger amount
of uplift does suggest the possibility of tﬁo or perhaps three transgressions
at or about the time of the formation of the Main Postglacial Shoreline N
which could suggest the Main Pbstglacia] Shoreline is a complex feature -
in eastern Scot1and. Ideally close ]4C dating of the regressive overlap

associated witﬁ'the fall in sea-level from its Flandrian maximum should

- be attempted from the centre of uplift outwards to identify the effects
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.of positive tendencies found in other areas during'the time'period :

6600 - 5800 B.P. .

In conclusion the identification of time periods of positive and.
negative tendencies provides a flexible method of correlation between
areas of differing and similar tectonic history. The use of thié'
approach could lead to modelling the inter-regional resitration;of'.l
évents and enable statistical matching techniques to be-employed ;'
(Shennan 1982). It is admi tted however that in certain areas of
Scotland this aim-wi]1'be.impbssib19 to achieve through.lqck of

-_datab1e material.
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CHAPTER 9

CONCLUSIONS

9.1 Flandrian coastal evolution in the Moray Firth

Three new sites, at Barnyards near Beauly, Moniack near Kirkhill
and Arcan Mains in Strathconon were investigated to provide altitude
age and environmental information on sea-level movements during the

Flandrian Age in an area with 1ittle or no previous research.

Pollen analysis was used to provide independent age corroboration
of the radiocarbon method, as an indicator of possible unconformities
in sedimentation and to identify environmental change consequent upon

the addition and removal of marine conditions.

Diatom analysis provided data relevant to the study of the
depositional environment of the clastic horizons that characteristically

interfinger the peat layers.

Stratigraphic ana]ysis_a1lowed the identification of units within
peat layers to provide additional information on water table movements
and together with pollen analysis and ]4C dating allowed the
time - transgressive nature of transgressive and regressive overlaps to

be assessed as evidence for sea-level rise and fall.

An effort has been made to evaluate the errors inherent in age
and altitude of index points used in the reconstruction of former
sea-levels. It is suggested that the evaluation of such errors,
especially in altitude is a prerequisite for further research in

Flandrian sea-level change,

A preliminary chronological scheme for sea-level change within
the study area suggests a period of falling sea-lavel from 9600 B.P. to

later than 9200 B.P. The age of the subsequent rise in sea-level is
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unknown but it was probably under way by c. 8200 B.P. Further dates on
the transgressive overlap formed by this rise are 7700 B.P. at Arcan

Mains and 7400 and 7100 B.P. at Moniack.

The culmination of thé Flandrian rise in sea-level is given an
age limit of 7100 - 5800 B.P. but an age of 6100 - 6400 B.P. is preferred
for the formation of the highest Flandrian Shoreline in the area which
is correlated with the Main Postglacial Shoreline of eastern Scotland.
However certain reservations about the formation of the Main Postglacial

Shoreline have been expressed.

Prior to the culmination of the Flandrian rise in sea-level a
thin but widespread grey silty sand layer was deposited. As in other
areas in eastern Scot]and‘the layer forms a distinct wedge into the
coastal peat layers at Moniack and can be traced as a consistent horizon
within the blue-grey and orange clay-silts of the clastic cover sequence
at Barnyards, correlated with'the carse deposits of eastern Scotland.

An age of 7430 - 7270 B.P. is assumed for the layer, interpreted as
being formed either by an increase in the rate of sea-level rise within
a period of regionally rising sea-level or by a sudden event such as a
storm surge. This age is quite comparable to other areas of Scotland
where the layer has been identified.

Local factors on sedimentation affecting the suitability of

]46 dated index points have been assessed at Moniack and Arcan Mains.

Altitudinal information is considered less reliable with com-
paction and changes in palaeotidal range not resolved in this study.
Errors involved in sampling. indicative range and conversion to a
reference tide level have been studied to provide a minimum error for

the vertical range of sea-level.
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The altitude of the shoreline underlying the lower peat in the
study area, dated at 9600 B.P. is given as 5.98 - 7.03 m. and it is
correlated with the Main Buried Shoreline of the Forth and Tay. The
altitude of the succeeding minimum is not known but extrapolation of
data from transgressive and fegressive overlaps at Barnyards and Moniack
suggest a minimum value of 42 m, and -3 m. respectively with an age
bracket of 9200 - 8200 B.P. at Barnyards. Peacock et al. (1980) suggest
an altitude of ¢c. -6 m. and an age of 8800 B.P. for this minimum.

It is unknown if there is a feature comparable with the Low Buried
beach of the Forth and Tay and at present the minimum referred to abcve
encompasses the age 9200 - 8200 B.P. and may include an intervening
rise and fall in sea-level. However if the increased rate of isostatic
recovery between 9600 B.P. and 9200 B.P. compared to the Forth and Tay
is valid, the registration of such a rise and fai] which caused the
formation of the Low Buried Beach in the Forth and Tay may be absent

in the Moray Firth area.

The altitude of the limit correlated with the Main Postglacial
Shoreline of eastern Scotland is at c. 9 m.0.D. in the inner Moray
Firth comparable to the altitude for the Main Postglacial Shoreline in
the Tay and Solway Firth areas but less than that recorded for the
western Forth Valley. The age, 6100 - 6400 B.P., of-its formation is
too wide a period to assess arguments for the possfb1e diachroneity of

]4C method

~ this feature. Certainly within the resolution of the
and sites investigated at present it is not possibie to demonstrate

diachroneity.

A preliminary isostatic curve suggests 42 m. of uplift at
9600 B.P. and 11.5 m. at 5800 B.P. The form of the curve is comparable

to that of the Forth and Tay areas, though the inner Moray Firth curve
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and that of the Tay appear to cross at c. 7000 B.P. with the Tay showing
a greater amount of uplift since this date. This feature of the two
uplift curves may be incapable of resolution within the errors inherent
in curve construction but it_is felt there are some grounds in the

geological record for supporting such a speculation.

9.2 Proposals for further research

More research is needed to refine the scheme of sea-level change
in the inner Moray Firth area outlined in Chapter 7. An attempt has

]4C dated index

to be made to increase the data base to produce more
.points for periods deficient in time control and to produce additional
stratigraphic data to assess the altitudinal limits of marine activity
for each rise and fall in sea-level. Periods deficient in time and
altitude control include 9200 B.P. to 7700 B.P. and 7100 to 5800 B.P.
which cover the period of minimum sea-level during the early Flandrian,
the initiation of the succeeding rise in sea-level and the culmination
of the rise represented by the Main Postglacial Shoreline.

In order to evaluate the inter-regional variation in altitude and
timing sites are required at locations further from the centre of
isostatic recovery. Three such sites at Munlochy Bay (NH 6351), Delny
(NH 7372) and Rhynie - Mounteagle (NH 8478) do suggest a fall in
altitude of, for instance, the highest postglacial shoreline, from a
maximum at the head of the Beauly and Cromarty Firths. At Rhynie -
Mounteagle it is suggested that nd late Flandrian marine sediments are
present, the only units attributable to marine activity lie at
c. 4-6 m. 0.D. and may relate to a Late Devensian or early Flandrian

isolation of the site.

Further research is needed on the definition, recognition and

dating of the 'Main Postglacial Shoreline' in eastern Scotland. In
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Chapter 8 it was suggested that a serious limitation of shoreline’studies
lies in inter-regional correlation with areas of differing tectonic
history. Because the later Flandrian shorelines in.Sc0t1and lie close

to each other in altitude and have similar gradients the possibility

of incorrect lithostratigraphic correlation is great. It is tentatively
suggested that future research should, in areas with datable material,
adopt a more flexible approach using periods of positive and negative
tendencies derived from all available data, including shorelines.

This would possibly enable the recognition of discrete events such as
those noted in Southern Sweden where greater isostatic uplift means

the shoreline sequence is capable of finer resolution.

The time altitude graph produ;ed is the only one for Scotland
to include an explicit altitudinal error component for measuring
error and relationship of the index point to its contemporary sea-level.
The inyestigation of other post-depositional influences on altitude
such as consolidation is a priority for the future.

In Scotland as a whole the aim for future research must be to

produce more 14

C dated index points with an assessment of the error

in age and altitude. Sea-level curves drawn as a single line through
index points are therefore to be regarded as only one possible scheme
for sea-level change within a wider error band. Allochthonous material

14

and " 'C dated points without good stratigraphic control are to be

regarded as unsuitable for the production of sea-level curves.

Once reliable data have been synthesized for each area of Scotland
according to similar operational definitions and procedures, an attempt
can be made to assess the between-area differences in the altitude of
sea-level change and to suggest reasons for the differences. Rates of

change of sea-level could then be evaluated for specific time periods
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and Tinked to models of isostatic recovery.

A fiﬁal stage in analysis would be the three-dimensional
representation of variation in index point altitude with age. Trends
of isostatic recovery could then be mapped by incorporating tidal
and eustatic calibration. A preliminary study of this nature using

the ]4C dated index points used in the histogram analysis is in progress.
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- Laboratory Schedule for Pollen Analysis

- Pollen counts for -

Barnyards 3B
Barnyards 14B
Moniack 29B
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Laboratory Schedule for Pollen Analysis

Stages 1.2, 1.4 and 1.5 should be applied to peats. Gytjjas and lake marls

may require the addition of stages 1.1 and 1.3 in strict order. ,

1.1

1.1.1
1.1.2

1.2

1.2.1
1.2.2
1.2.3
1.2.4

1.3

1.3.1
1.3.2
1.3.3
1.3.4
1.3.5

1.4

1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6

Solution of Carbonates and Disaggregation

Add 5 tablets of Lycopodium to 0.5 cm® material.
Add 10% solution cold HC1, leave until effervescence stops, stir.

Centrifuge, decant

Evacuation of Alkali-soluble organic compounds

Add KOH (10% solution), stir.
Heat in boiling water for 30 mins. Stir occasioﬁal]y
Decant through 180 sieve. Wash residue

Centrifuge. Decant and wash until supernatant 1iquid unstained

Hydrofluoric acid digestion of siliceous material

Add HF (30% solution) to residue. Stir well. } fill tube.

Heat in boiling water until stratified sediment appears 1 hr.
Stir, centrifuge, decant

Add HC1 (10% solution). Heat in boiling water 3-5 mins.

Centrifuge, decant, wash with distilled water, stir, centrifuge,
decant

Acetylation. Evacuation of unaltered Lignin and Cellulose

Add Glacial Acetic Acid. Stir, centrifuge, decant

Add acetylation mixture. Stir well, 1:9 conc. H2504 ~ Acetic
anhydride

Heat in boiling water, 1 minute. Stir occasionally

Centrifuge. Decant

Add Glacial Acetic Acid, Stir, centrifuge, decant

Add distilled water, stir, centrifuge, decant. 2X



1.5

1.5.1
1.5.2

1.5.3
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Staining

Add Tertiary Butyl Alcohol, Centrifuge, decant

Add Tml Tert. But. Alcohol + 2 drops safranin, place in
small vials, centrifuge, decant,

Add silicone fluid, same volume as sample, stir, plug with
cotton wool.
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APPENDIX I1

- Laboratory Schedule for Diatom Analysis

- List of Diatom taxa with ecological notes

- Diatom counts for -

Barnyards 3B
Moniack 4B
Moniack - 29B



Laboratory Schedule for Diatom Analysis

Place 1 cm® in 150 ml. Pyrex beaker
Add 30% solution of H202
Leave overnight, if reaction not complete, heat gently

until effervescence stops

Disperse residue by agitation in remaining liquid,
decant into centrifuge tubes

Add distilled water, centrifuge, decant 3X

Transfer random sample to cover slips on a hot plate.
Evaporate liquid :

Place a small amount of Microps 163 mountant on microscope
slides on a gentle heat and invert microscope
cover slips (22 x 22 mm.)
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Achnanthes brevipes Agardh v. intermedia (Kutz) Cleve.

A. flexella (Kutz.) Brun.

A. lanceolata (de Brebisson) Grunow.

Actinoptychus undulatus (Bailey) Ralfs.

Amphora marina W.Smith.

A. ovalis Kutz.

Auliscus sculptus (W.Smith) Ralfs.

Biddulphia aurita (Lyngbye) de Brebisson et Godey.

Caloneis brevis Gregory.

Caloneis formosa (Gregory) Cleve.

Cocconeis clandestina A. Schmidt.

C. distans Gregory.

C.placentula Ehrenberg.

- C. scutellum Ehrenberg.

Coscinodiscus excentricus Ehrenberg.

Cyclotella comta (Ehrenberg) Kutz.

Cymatosira belgica Grunow.

Cymbella cistula (Hemprich) Grunow.

C.cuspidata Kutz.

C.hungarica (Grunow) Pantocsek.
C. sinuata Gregory.

C. turgida (Gregory) Cleve.

C. ventricosa Kutz.

Diatoma hiemale (Lyngbye) Heiberg.

D. vulgare Bory
Didymosphenia geminata (Lyngbye) M.Schmidt

Dimerogramma marina (Gregory) Ralfs.
D. minor (Gregory) Ralfs.

Diploneis didyma Ehrenberg.

D.interrupta (Kutz) Cleve.

BM e
Z (e)
B e
MB P
MB(b)
ZB b

Mb

Me

M(b)

B(b)

Me

M(e)
B e
MB e
MB p
B p

Me
1B e
ZB(e)
(Z) e
B e
ZB(e)
ZB e

Z(p)
B p

Ze
Mb(e)
Mb(e)
MB b
Bb(e)
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'Ebjjggggg (Donkin) Cleve.

D. ovalis (Hilse) Cleve.

D. smithii (de Brebisson) Cleve.
D. stroemi Hustedt.

Epithemia argus Kutz.

E. turgida (Ehrenberg) Kutz.
E. zebra (Ehrenberg) Kutz.

Eunotia arcus Ehrenberg.

E. diodon Ehrenberg.

E. gracilis (Ehrenberg) Rabenhorst.
E. lunaris (Ehrenberg) Grunow.

E. monodon Ehrenberg.

E. pectinalis (Dillwyn) Rabenhorst.

E. praemonos Ake Berg.

Eunotogramma marinum (W.Smith) Peragullo.

Fragilaria bidens Heiberg.

F. brevistriata Grunow.

F. construens (Ehrenberg) Grunow

F. construens (Ehrenberg) Grunow v. venter (Ehrenberg)Grunow

F. pinnata Ehrenberg.

F. schulzii Brockmann.

F. virescens Ralfs v. clavata Grunow.

Frustulia rhomboides (Ehrenberg) De Toni.

Gomphonema acuminatum Ehrenberg.

G.acuminatum Ehrenberg v.coronata (Ehrenberg) W.Smith.

G. angustatum (Kutz.) Rabenhorst

G. constrictum Ehrenberg.

G. gracile Ehrenberg

G. intricatum Kutz.

Grammatophora oceanica (Ehrenberg) Grunow.

v. macilenta (w.Smith) Grunow.

Mb
ZB b
MB e

ZB e
/B e
/B e

Le
Z(e)
B e
Z(e)
Ze
Z(e)

ZB(e)
ZB(e)
B e
ZB(e)
ZB e(p)
Be
B(e)
Z(e)
ZB e
ZB e
ZB(e)
B e
2B(e)
B e

MB e
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G. serpentina (Ralfs) Ehrenberg.

Gyrosigma balticum (Ehrenberg) Rabenhorst.

Meridion circulare Agardh,

Navicula americana Ehrenberg.

N. avenacea de Brebisson

N. cancellata Donkin

. cincta (Ehrenberg) Kutz.

. clementis Grunow

N
N
N. dicephala (Ehrenberg) W. Smith
N

. digitoradiata (Gregory) A. Schmidt.

N. elegans W. Smith.
N. hennedyi W. Smith.

N. hungarica Grunow.

N. lanceolata (Agardh) Kutz.

. latissima Gregory.

N
N. lyra Ehrenberg.

. marina Ralfs.

N
N. palpebralis De Brebisson
N

. peregrina (Ehrenberg) Kutz.

N. pupula Kutz.var. rectangularis (Gregory) Grunow .

N. pusilla W. Smith.

N. radiosa Kutz.

N. scoliopleura A. Schmidt.

Neidium iridis (Ehrenberg) Cleve.

N.productum (W.Smith) Cleve.

Nitzschia acuminata (W.Smith) Grunow.

N. bilobata W. Smith

N. circumsuta (Bailey) Grunow.

N. navicularis (de Brebisson) Grunow.

“Me
Bb
ZB p
Z(b)
Bb
M b
ZB(b)
B(b)
ZB(b)
Bb
B(b)

=
T o T T T o O o o T T

ZB(e)
ZB(e)
MB b
B(b)
B(b)
B b
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N. palea (Kutz.) W. Smith.

N. palustris Hustedt.

N. punctata (W.Smith) Grunow.
N. scalaris (Ehrenberg) W.Smith

N. sigma (Kutz.) W.Smith.
N. tryblionella Hantzsch.

Opephora pacifica (Grunow) Petit.

Paralia sulcata (Ehrenberg) Kutz.

Pinnularia borealis Ehrenberg.

P. divergens W. Smith

P. gentilis (Donkin) Cleve.
P. gibba Ehrenberg.
P. interrupta W.Smith,

P. lata (de Brebisson) W. Smith
P. major (Kutz) Cleve.
P. mesolepta (Ehrenberg) W. Smith

P.microstauron (Ehrenberg) Cleve,

P. nobilis Ehrenberg.

P. stauroptera (Rabenhorst) Cleve.

P. subcapitata Gregory.

P. viridis (Nitzsch) Ehrenberg.

Plagiogramma staurophora (Gregory) Heiberg

Podosira stelliger (Bai]ey) Mann

Rhabdonema arcuatum Kutz.

R. minutum Kutz.

Rhoicosphenia curvata (Kutz) Grunow.

Rhopalodia gibba (Ehrenberg) 0.Mti1ler.

R. gibberula (Ehrenberg) 0. Miller

Scolicpleura tumida (de Brebisson) Rabenhorst.

ZB(b)

Z(b)
BM b
B(b)
BZ b
BZ b
Me
Mp
ZB(b)
Z(b)
Z(b)
Z(b)
Z(b)
Z(b)
ZB(b)
Z(b)
Z(b)
Z(b)
(Z)b
Z(b)
ZB(b)
Me
M e(p)
Me
Me
B e
B e
Be
BM_b
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Stauroneis anceps Ehrenberg.

St. phoenicenteron Ehrenberg.

St. smithii Grunow.

Surirella biseriata de Brebisson.

Surirella fastuosa Ehrenberg.

Synedra Crystallina (Agardh) Kutz.

S. gaillonii (Bory) Ehrenberg,

S. pulchella (Ralfs) Kutz.

S. tabulata (Agardh) Kutz.
S. ulna (Nitzsch.) Ehrenberg
Tabellaria fenestrata (Lyngbye) Kutz.

T. flocculosa (Roch) Kutz.

Trachyneis aspera (Ehrenberg) Cleve.

Zz - Fresh

ZB - Fresh-brackish
BZ - Brackish-fresh
B - Brackish

BM - Brackish-marine
MB - Marine-brackish

M - Marine

Z(b)
ZB(b)
ZB(b)
ZB(b)

Mb
MB e
MB e
BZ e
BM e
B e
ZB e

Mb
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APPENDIX III

Particle size and loss on ignition determinations for -

Barnyards 3B
Barnyards 148

‘Arcan Mains
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Barnyards 3B.  Particle Size (%)
Depth [Gravel |[Coarse | Med. |Fine [Coarse Med. | Fine Clay
Sand Sand | Sand Silt Silt | Silt
415-20 0 0.05 0.39 | 3.09 79.46 7.37 | 2.54 7.10
410-15 0 0 0.20 | 3.28 63.67 | 13.41. | 4.86 14.10
405-10 0 0 0.63 | 3.01 64.77 | 15.21 | 3.92 12.36
400-05 0 0.07 1.19 | 9.08 41.31 | 25.54 | 8.64 14,24
395-400 0 0 -0.89 |7.12 41.41 | 21.20 {10.19 19.19
393:75 0 0 1.00 | 4.10 43.70 | 23.97 {10.87 16.36
365-70 0 0 0.10 | 0.20 44.80 | 19.77 |11.20 23.93
360-65 0 0 0.15 | 0.31 38.66 | 27.98 [12.37 20.53
355-60 0 0 0.77 | 1.64 20,75 : 34.71 121.27 20.86

Loss on ignition (%)

430
" 425
420
415
410
405
400
395
393

365
360

355

35
30
25
20
15
10
05

400
95
70
65

60

1.60
1.34
1.39
1.49
1.43
1.47
1.62
1.86
2.29

12.42
8.06

8.44
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BY148B Particle Size (%)
Depth | Gravel {Coarse Med. | Fine |[Coarse Med. Fine | Clay
Sand Sand [ Sand Silt Silt Silt

520-5 35.73 | 6.42 9.77 | 19.18 | 19.34 4.06 2.45 | 3.06
515-20 28.66 | 7.12 9.37 | 21.29 | 24.17 3.64 2.42 | 3.32
510-15 57.05 | 3.62 4.26 | 13.31 | 15.46 2.90 1.42 | 1.98
505-10 36.97 | 5.36 7.86 | 17.80 | 21.77 4.80 2.12 | 3.32
500-05 15.24 | 2.54 7.87 | 33.60 | 34.13 3.21 1.38 | 2.03
495-500 7.89 | 4.57 10.98 | 36.90 | 25.95 7.62 0.30 | 5.79
490-95 0 0.9 30.36 | 40.43 | 25.09 0.92 0.77 | 1.52
485-90 0 0 4,67 | 47.31 | 41.76 2.74 0.77 | 2.75
480-85 8.15 | 0.61 3.65 | 14.70 | 46.47 | 12.82 4.79 | 8.81
475-80 2.35 | 0.86 3.16 9.95 | 58.68 9.98 3.08 {11.94
470-75 0.78 | 0.62 0.99 3.18 | 37.01 | 35.36 3.05 |19.01
465-70 4.85 | 4.50 5.25 9.61 | 45.59 8.22 3.93 [18.05
460-65 21.85 | 4.86 5.40 8.78 | 38.32 6.15 2.27 112.37
455-60 60.29 | 6.03 5.30 7.65 | 14,20 1.94 0.67 | 4.02
450-55 7.00 | 3.18 2.74 | '4.45 | 76.8 2.35 0.66 | 2.82
445-50 23.97 | 8.41 7.75 | 16.03 | 30.15 5.82 2.28 | 4.89
440-45 0.73 | 0.71 0.85 3.64 | 47.66 | 19.64 5.87 [ 20.90
435-40 2.04 [ 1.98 2.31 4,89 | 62.63 5.06 3.05 |18.42
430-35 0 0.58 0.77 3.37 | 66.3 7.82 3.17 {17.99
425-30 0 0 0.75 5.82 | 57.85 | 10.26 4.04 |121.28
420-25 0 0.73 1.02 8.79 | 59.93 | 10.21 3.05 {16.23
415-20 0 0.77 0.92 2.30 | 38.79 | 10.86 3.93 | 21.42
410-15 0 0.62 0.83 1.63 | 47.39 | 16.67 6.75 | 26.11
405-10 0 0 0.10 0.95 ] 36.51 | 23.12 | 13.29 {26.03
400-05 0 0 0.30 1.13 | 63.32 5.97 2.39 |1 26.89
395-400 0 0 0.27 0.96 | 64.73 6.83 4.04 | 23.17
390-95 0 0.56 1.00 6.94 | 65.44 7.44 1.95 | 16.67
385-90 0 0.63 0.83 3.14 | 57.83 | 24.61 5.30 | 7.66
380-85 0 0 1.19 1.74 | 76.82 5.98 1.74 | 12.53
375-80 0 1.23 1.85 1.85 | 33.58 | 34.81 2.46 | 24.22
370-75 0 0.87 0.87 1.41 | 25.85 ¢ 23.01 | 20.89 | 27.10
364-70 0 0.34 0.87 3.12 9.78 | 28.17 | 32.62}25.10
225-30 21.24| 7.90 16.95 | 29.63 | 15.39 5.09 0.65| 3.15
220-25 8.34 1 5.91 19.66 . 35.84 | 11.53 9.07 1.87 | 7.78
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BY14B Loss on ignition (%)

520 - 25 0.1
515 - 20 0.13
510 - 15 0.14
505 - 10 0.17
500 - 05 0.09
495 - 500 0.12
490 - 95 0.08
485 - 90 0.17
480 - 85 0.21
475 - 80 0.27
470 - 75 0.39
465 - 70 0.55
460 - 65 0.38
455 - 60 0.32
450 - 55 0.45
445 - 50 0.53
440 - 45 0.73
435 - 40 0.25
430 - 35 0.56
425 - 430 0.46
420 - 25 0.51
415 - 20 0.70
410 - 15 0.68
405 - 10 0.70
400 - 05 0.86
395 - 400 0.63
390 - 95 0.63
385 - 90 13.43
380 - 85 25.71
375 - 80 28.59
370 - 75 5.47
364 - 70 3.29
225 - 30 2.19
220 - 25 2.25
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Arcan Mains. Particle Size (%)
Depth IWGrave1 Coarse Med. Fine | Coarse | Med. Fine Clay
Sand Sand | Sand Silt Silt Silt

570-75 0 |0.58 3.52 | 87.65 0.116 | 1.66 1.294 | 5.180
565-70 0 0.38 4.06 | 75.85 | 16.341|1.405 {1.263 | 0.701
560-65 0 0.40 6.22 | 65.82 | 24.01 | 1.91 0.82 0.820
555-60 0 0.45 4.48 | 49.99 | 26.598(12.112 | 1.874 | 4.496
552-55 0 1.14 10.51 | 53.59 | 27.409| 3.678 | 2.622 | 1.051
548-52 0 0.45 1.30 | 60.84 | 30.273| 3.141 | 2.853 | 1.143
520-25 0 0. 0.36 0.76 | 55.14 [18.222 | 4.661 {20.855
515-20 0 0 0.52 8.49 | 70.36 | 5.741 | 2.017 [12.872
510-15 0 0 0.51 8.93 | 65.57 | 9.153 | 1.886 [13.949
505-10 0 0 0.69 4.21 | 38.29 (23.29 |12.467 |21.053
500-05 0 0 i 0.28 4.26 | 53.35 [14.572 | 7.992 |19.546

Loss on ignition (%)

570 - 75 0

565 - 70 0

560 - 65 0

555 - 60 0

552 - 55 0

548 - 52 0

520 - 25 0.006

515 - 20 0.004

510 - 15 0.005

505 - 10 0.005

500 - 05 0.004
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APPENDIX IV

14

- New "'C dates for the inner Moray Firth area
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SEA-LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (zeéond edition)

.

internal programming no. . sample no. BY]4B . ]4]_6

1. Geographic locality of sample

country, state
[Ej 0 T L A N D a7 or sea and sector
h — ‘

- geographic region
EELEREBELEEEEERE J S resen
2a. Coordinates
Longitude Latitude

geocoordinates E or W of Greenwich
,‘-0 412/ 714/8 A _‘.\is! 712|192 8 and N or S of the equator (required)
Right Up
T
coordinates of national rectangular
_Gej 5/2)2 GB] ” 4/7|0 SJ grid (optional) -

.

:;J internal code for national grid; national grid designation:.......’01..........

2b. Altitude of sample / indicator

B

8

.18

altitude of sample above (+) or below (-) local zero datum
-if a water level is not indicated by the sample itself,
v £i11 in altitude of indicator. (metsres, measured from top)

1+

il

p

015 altitude measured (1) estimated error
. 7

4l derived from map "(2) (in metres)

altitude of local zero datum above (+) or below (-) mean sea level
2mark (metres)

23

estimated error in identification of the maan sea level mark
26l and relation to local zero datum (metros) ’

=

if sample is taken from below land surface, give in depth of sample-

tep from surface (metres)

33

b2

H

thickness of sampled interval (metres)

36)

3. Secondary influences on altitude of data point since sampled mntcriAI was formed

[;J geotectonic influences Consalidatlon, compaction of underlying
i.8trong uplift : sediments (from comparing the geolagy of
2.8light uplift neighboring data paoints or from determi~
3.alight subsidence nation of underlying material):
k.strong subsidence
S.area can be looked upon as stable ] amount in metraes
6.nbsolutely no information ; L_ast h v
If reasons for movements can be spccified. 1. estimated eorror .
check the list and indicate the direction s 52
by "4+" for uplift or "-" for subsidence.
For questionable movements fill ‘'in "?" regional -factors:
and for no indication write "O", . ’
local factors: ? | epoirogenic movements others:
local faulting ' glacio-isostasy ) teaarenene
halokinetic movements a hydro-isostasy ...........'
4 R
- ‘ +
total amount of local m. total amount of regional m.
© . (£ill in, if possible) . {give estimation,if possibla)

%, Relation of

0

(LS

2

ﬂ fossil water level occurred =

sample/indicator to an ancient water level

range (metres).

IJ minimum value for which the ancieut

specify the water levol, which
is represented by the indicator!

"2.mean high tide level- - - -
. J.mean sea level:

thickness of interval within w&ich th? 1.groundwater table
indicativo 5

L vertical distance of midpoint of indica- h.mean low tide level
- ﬂ Q 9 tive range to top of indicator in metres S.mcan high spring tide
€9 ° 1 above (+) or below (-) top. 6.mean low spring tide
¥_ 7.mcan high neap tide

8.mcan low neap tide

water level was higher(+) or lower(-) 9.8torm flocd levels

than top of sample (mectron). O.unspocified soa levol
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G el indicat
ypo of water level indicator 40.constructional feature

10.organic layer 20.er9aiona1 feature 31.beach
position of sample: 21.c1§rf face 32.dune barrier
1i.top of layer 22.cliff foot 33.salt marsh surfaco
12.base of layer 23.cliff overhang 3h.tidal flat surface
13.middle of layer 24 ,.biotic solutional notch 35-natural levee(undiff.)
1h.full interval of layer fg-biOtiC borehole(s) 36.river or creck levee
15.in upper part of layer 2b.seca cave . .fringi oral reef
lé.in 155cr gnrt of ]nier 27.marine platform (solid) ;g_g:;:?::sczrzl reaf
17.contact to top of layer 28.marine terrace {(gravel) 39.0thers:
1B.contact to base of layer 29.others: ., sesressereeaser
19.0thers: i eiriireenanee ‘ R
TrenneRener 42.bioturbation structures : Indicator occurs as 3
A40.structures 43.axrcheological structures i 1i.remmnant, isolated
41.sedimentory structures 44 . dessication fissures ! 2,patch 3.wide spread
A
6. Material sampled (type/genus/species) 10.peaticccecescrsccssscasesas jJo.archecological material:
i1.phragmites peat 31.vorked wood
01.W00d: .t asncasccssacncrsncse 12.sedge peat 32.worked shellas
. 13.wood fen peat 33.worked bones
02.8hells cecercccscnceasansas 12.moss peatP I orked vocks
03.boONes s csssassescscserccnse 1S5.raised bog peat 32,10015
! leeessersesssscssnnen 16.highly decomposed peat 36.manure
Ol.corals:... 20.hydrothermal sediments 37.charcoal
O5.stromatolitesl.cccsssrsanss 21.volcanic ashes Ja.others:...._....._..'.'
Ob.coralline algae cceacaacsss 22.varve clay = ==-----=- e itk duind b .
23.beachrock In-situ nature and undisturb-
D7.charcodl:eeecscesvesssansas 2k . 00ids ance of sampled material: 1

26.Rhizophora mangrove 2.certainly in situ, top eroded

27.Avicennia mangrove J.certainly in eitu,posaibly eroded

28.Sonneratia mangrove 4,probably not in situ, not.sure
5.not in situ, but still suitable

v
1
1
|

OB.lirmnic mudS:.ceescssoanvans 25.mangrove, undiff. : 1.certainly in situ, not eroded
09.80118t0cccccacccscacasnone !
i
[}
1

Tidal range

+ amount of ancient local tidal range with modern tidal range
+ il I error interval or tendency (+ or -) [;J4 ] at closest point
10 G 1) 2] 1 of changes since deposition of material. 18] *1 2y of open sea
8. (Paleocoast 10. Lower sediment contact to indicator
type of ancient coast ) nature of underlying material
1.high coast 6.delta coast y 1.marine-suhbtidal 6.semiterrestrial (peat)
2.dune barrier coast 7.open tidal flat 2.marine~intratidal 7.pedological (soils)
J.lagoon coast 8.sheltered tidal flat Jemarine-supratidal 8.fluvial, eolian
4.open bay - ' 9.,others: hk.brackish (lagoonal) 9.hed rock
S5.river estuary cecsescsccasascunsanas 5.limnic (lake sediment)
9, |[Modern const 11. Upper sediment contact to indicator . .
' type of actual coast . if sanmple is taken from below land surface,
(look for no. from list above) fill in no. for nature of overlying material
: 55 from list above.
12.| 1hc-dating of sample PROVISIONAL 13. Contamination
B T laboratory-code ﬁ_ ion exchange 1.not checked,
] ] Y, and -number s . . possible
g recrystallisation 2.checked, not
119 8 # year of dating ] . possible
kY 3 T— hard water effect J.checked, con-
515 7 ﬂ half-life of 14C L__| taminated
L_9e 4 ’ [1 | penetrated by roots kopretreated,
6 13C value (%) 34 contamination
sl fe] el used for correction [ ] infiltration of humic partly elemina-
4 ] SUESS-correction=1 ] | acids 5 :"-dt fomtion
th ti = ] . «sCOntam a
«) Other corrections ? lJ fungi, bacteria, algae reducod by
5 5 ] ¢]. 8 ﬂ‘result in years BP ij older material included calculation
& i 52] >3
specify sigma-interval of result artificial contamination
(Bigma 1 = 1, sigma 2 = 2) ] by younger material
othersi.icessccaccscsscane
1h.] Other kinds of age determination 15. Age of water level indicator
¢ 3 Ol.varve -if dated sample itsclf does not represent water
g§~d02§r° level indicator,give an age estimation:
3.pollen
Oﬁ:?auna.florn . 1.indicator is older than dated sample
05.archealogy . 2.indicator ias slightly older
06, potassium-argon J.?nd%cator is practically of same age
07.thorium-uranium-methods Q.*nd%cator is slightly younger
08.tephra : Seindicator is younger than dated sample
O%.0theraiceceeecscssnacces
10.indiroct N
FeBuUlt:.osseesonrscoencanne 16. Additionsl data
(transform into years BP, distance of sito to actual
and enter under no.12) ] . g coastline of open sea
£ 34 {in kilometres)

|

In:atitutez Dato: . . Signature!
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SEA-LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES

(second edition)
]

internal programming no.

Geographic locality of sample

s)clojT{L|AIN D

ELJEAULY,INVERNESS_

e Ji&_ |

sample no.

countiry,

BY14B : 358-63 |

state

or sea and sector

geographic region
or town or county

2a, Coordinates

Longitude Latitude
 Jolale]falell) 5] T2 lol elly)
Right Up

._uL 522

' ;'internul code for national grid;

6. | 470§J

grid

national grid designation:

geocoordinates E or W of Greenwich
and N or S of the equator (required)

coordinates of national rectangulaer
(optional) °

@eveacreecsgepesaasoe

2b. Altitude of smample / indicator

u,, 6| |64
L/

bl 1"

. . | 5| gitop from surface (metras)

3 ° 36

g 5 thickness of sampled interval

¢ and relation to local zero datum (metres

]if sample is taken from below land surface,

(maetres)

give in

altitude of sample above (+) or below (-) local zero datum
-if a water level is not indicated by the sample itself,
fill in altitude of indicator.‘(metres, mcasured from top)

+ laltitude measured (1) estimated error

=@, 5" derived from map (2) (in matres)
I l altitude of local zero datum above (+) or below (-) mean sea level
10 . 22lmark (metres)

+ estimated error in identification of the mean sea laval mark

depth of sample-

3. Secondary influences on altitude of data point since sampled material was formod

geotectonic influences

uplift
uplift

1
[;j i.atrong
2.s8light
J.8light subsidence
h,strong subsidence
S5.area can be looked upon as stable

6.absolutely no information

If reasons for movements can be specified,
check the list and indicate the direction
by "+" for uplift or "-" for subsidence.
For questionable movements f£3ill "in "2"
and for no indication write "0".

local factors:
|? local faulting

p

halokinetic movements

total amount of local m,
o (rfill in, if possible)

:E:::+E::]u

Consolidation, compaction of underlying

sediments (from comparing the geology of
neighboring data points or from determi-
nation of underlying material):

amount in metres

1. estimated orror

o .

regional factors:

epecirogenic movements

others:

glacio-isostasy

hydro-isostasy

total amount of regional m.
{give cstimation,if pounibln)

4., Relation of

fossil water level occurred
{metres).

A

than top of sample

sample/indicator to an ancient water level

thickness of interval within which the
indicativo

minimum value for which the ancient
water level was higher(+) or lower(-)
(motroo).

specify the water level, which
is represented by the indicator:

1.groundwater table
5 2.mean high tide levol

. range . J.mean sea level

vertical distance of widpoint of indica- 4§.mean low tide level
+ g 2 tive range to top of indicator in metres 5.mean high spring tide
L8 u above (+) or belaw (-} top. 6.mean low spring tide
x 7.mcan high neap tide

8.mecan low ncap tide
9.storm flood lovels
O.unapecified soa level
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1. fukl

Type of water

10.organic layer

position of sample:

11.top aof layer

12.base of layer

.ddle of layer
interval of layer
15.in upper part of layer
16.in lower part of layer
17.contact to top of layer
1B.contact to base of layer
19.0others:

40, structures
41.sedimentory structures

level indicator

20.eraosional feature

21.¢cliff face

22.¢cliff foot

23.¢cliff overhang

2. biotic solutional notc
%5.biotic boreholel(s)
26.3ea cave

27.marine platform (so0lid
28.marine terrace (gravel
29.others:'

Tseserr st sssnsevaea

hz.bioturbation structure
43.archeological structures

44 .dessication fissures

h

)
)

a8

30.constructional fenture
J1.bench

j2.dune barrier

33.salt marsh surface
34.1idai flat surface
35.natural levee{undiff.)
36.river or creek levee
37.fringing coral recet
38.barrier coral reef
39.o0theruo:

Indicator occurs as 3
i.rcmnant, isolated .
2.patch 3J.wide spread

R R

6. fMaterial sampled (type/genuan/species)
[‘“ 01.%w00d: e .eseatansstovseanarnas
le % O02.8hellStiiissasasccosnnnncses

03.bonesS:svsessescsassassevssns
Oh.cornlstiseecescecarcasccnnss
05.stromatolites:.
06.coralline algoeC icaiesrenone
O07.charcoal:cecsecescscsasnnas
08.1imnic MudsSie.eieerassanaes

09.80i18 cevsscossssnnaonensse

1i.phragmites peat
12.scdge peat

13.wood [{en pecat

ii.moss peat

15.raised bog peat
16.highly decomposed peat

10ipeatieieceacsacvansnsnrnanns

20.hydrothermal sediments

.
.

.
.

.
.
-
«
.
.
.
.

21.volcanic ashes
22.varve clay
23.bcachrock

2li.00ids

25.mangrove, undiff.
26.Rhizophora mangrove
27.Avicennia mangrovae
28.Sonneratia mahgrove

In-sitwu
ance of

l.certainly in
2.certainiy in
J.certainly in
4, probably not
5.not in aitu,

Jo.orcheological material:
31.worked wood
j2.worked shells

J3.worked bones
34.worked rocks
35.tools
36.manure
37 .charcoal
38.0thers:

and undisturb-
material:

nature
sampled

situ, not eroded
situ, top eroded
situ,posaibly erodead
in situ, not sure
hut still suitable

7. §Tidal range
+
;‘ pmount of ancient local tidal range with modern tidal range
[ t error interval or tendency (+ or -} 4 ] at closest point
en b ST} wl* ] v of changes since deposition of material. 28 *1 2 of open sea
8. fPaleccoast 10. Lower sediment contact to indicator

type of ancient coast

1.high coast 6.delta coast

nature of underlying material

2

l.marine-subtidal 6.semiterrestrial (pe

at)

2.dunae barrier cosat 7.o0pon tidal flat 2.marine-intratidal Z.pedological (soils)
J.lagoon coast 8.sheltered tidal flat J.marine-supratidal 8.fluvial, ceolian
4.open bLay 9.others: h.brackish {lagoonal) 9.bed rock
S.river estuary sesesrtessntssasnorsnas S.limnic (lake sediment)
9. [Modern coast 11. Upper sediment contact to indicator
5 type of actual coast if somple is taken from below land surface,
" (look for no. from list above) 21 i1l in no. for nature of overlying material
.22 from Jist above.
12.] 1hC~dating of sample 13. Contamination
BI R .l .I 2 3 laborataory-code ion exchange J.not chnrcked,
LJ ¥ and -number sl . . possible
I recrystallisation 2.checked, not
9 8 ] year of dating 1 possible
4 effect J.checked, con-

half-life of 14C

5 13C value %0 )
uscd for correction

}

|20l
__r~'

A1

taminated
§.pretreated,
contamination

[j] hard water
)

penetrated by roats

infiltration of humic

portly elemina-

rh] SUESS-correction=1i acids ted . -
l'ﬁ other correctiong=2 fungi, bacteria, slgae 5.co;tnm1ngtlon
— reduced by
result in ears DP q i
916111 %° 113|@ years [Tl older material included calculation
I' 39, 57) 55 J
specify sigma-interval of result — artificial contamination
4 (sigma 1 = 1, sigma 2 = 2) 1J by younger materinl
Lo .
el
A 2 s i d i
1.1 0ther kinds of age determination 15. Age of water level indicator

3 Ol.varve

02.dendro
2 O03.pollen

Oh.fauna,flora
; O5.srcheology
* Ob.potassium-argon
G7.thorium-uranium-methods
08.tephra
09.0Lhers ieeesneeeracsvas
10.indiroct

resul i, .ienineienicinanes
(tranaform into years BP,
and enter undar no.i2)

-if dated sample itself does not represeat water
level indicator,give an age estimation:

1.indicator

[TJ 2.indicator

B 3. indicator

h.indicator

S.indicator

4 clder than dated sample
s slightly older
practically of same age

s slightly younger

6 younger than dated samplo

16.

r

L1

Additional data

distance of site to actual
coastline of open sean
(in kilometres)

Ingtitutoe: Dato:

Signaturé:
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SEA-LEVEL DOCUMENTATION

COMPUTER-}ORM FOR THE COLLECTION OF SAMPLE DATES (seiond edition)

internal programming no.

1. Geographic locality of sample

EJCOTLAND
EJEAULY,INVERNESS

g i

sample no.|  py3g . 388-93

country; atate
or sea and sector

geographic region
or town or county

2a. Coordinates

Longitﬁde Latitude

L3) L.
Right Up

73 w grid (optional)

geocoordinates E or W of Greenwich
4121710 4}@ 27]7 3pP8 and N or S of the equator (required)

uJ 512 |18 3 416 7 3J coordinates of nafional rectangular

[;J internal code for national gridj national grid designation:.....NH......,......

2b. Altitude of sample / indicator

altitude of sample above (+) or below (-) local zero datum
I l +117 |9|9)-if a water level is not indicated by the sample itself,
: W £ill in altitude of indicator. {(metres, measured from top)
// +1p s altitude measured (1) estimated error
- o )| derived from map "(2) (in metres)
I altitude of local zero datum above (+¢) or below (-) mean sea level
18 . 2jmark (metres)
+ estimated error in identification of the mean seca lovol mark
B 26 and relation to local zero datum (metres)

o 131.]8 top from surface (metres)

L [thicknesa of sampled interval (metres)

33 * 36)

if sample is taken from below land surface,

give in depth of anmpla;

3. Sccondary influences on altitude of data point since sampled material was formed

[i] geotectonic influences Consolidation, compaction of underlying

j.strong uplift sediments {from cowparing the geology of
2.8light uplift neighboring data pointa or from determi-
J.s8light subsidence nation of underlying materinl)

h.strong subsidence ;
S5.area con be locked upon as stable

6.absolutely no information

S—

-]

J amount in met:as
4

1+

If reasons for movements can be spocified, J
check the list and indicate the direction 50l °

] estimated error
3|

by "+" for uplift or "-" for subsidence,

For questionable movements £3jll 'in "2" regional ractors'
and for no indication write "O%,
local factors: izﬂ opeirogen1c movements others:
%5
iEJ local faulting ' —i] glacio-isoatasy sveesasens
L__s6
{éj halokinetic movements 9| hydro-isostasy tesenvocss
+ + .
total amount of local m. l total amount of regional m.
“ . (fill in, i€ possible) o! 4 (give estimation,if poscible)

4., Relation of sample/indicator to an ancient wator level

thickness of interval within which the
ﬂ fossil water level occurred = indicative
24 sl range (metres).

T vertical distance of midpoint of indica-
jﬂ q ﬂ 9 tive range to top of indicator In metres
L d 221 above (+) or below (~) top.

woter level wos higher(+) or lower(-)
% than top of sample (metres).

[ minimum value for which the ancieut
_Jl’

spe
is

B

cify the water level, which
represented by the indicator:
1.groundwater table
2.mean high tide level
J.mean sea level
4 .mean low tide level
5.meon high spring tide
§.mean low spring tide
7 .mean high necap tide
8.mecan low neap tide
9.8torm flood levels
O.unspecificd sea level




5. | Type aof water level indicater

LE

10.0rganic layer

position of sample:

1i.top of layer

12.base of layer

13.middle of layer

14,full interval of layer
15.in upper part of layer
16.in lower part of layer
17.contact to top of layer
18.contact to base of layer
19.0thers:

40.structures
41i.sedimentory structures

20.crosional feature
21.cliff face

22.cliff foot

23.cliff overhang
2h.biotic solutional notch
25.biotic borehole(s)
26.sea cave

27.marine platform (solid)
28.marine terrace (gravel)
29.others:.

42.bjoturbation structures
43.archeological structures
L4 .dessication fissures

30.constructional feature
J1.beach

32.dune barrier

33.salt marsh surface
34,.tidal flat surface
35.natural levee(undiff.)
36.river or creek levee
37.fringing coral reef
38.barrier coral reef
39.othors:.

e e e e e e e Ay o

Indicator occurs as w 3!

i.remnant, isolated y
2.patch J.wide spread

o ey

IMatorial sampled (type/genus/speciesa)

01.w00d:..cseovencssssnscscnens
[iJ:] 02.5hell8isecoscccassecrccanesns
03.bonestceesvossescscarsesasances
0h.corals:ceececrcracssacnsonas
O5.s8tromatolitest..ceececsvcne
0b.coralline algaeieescsescececn
O07.charcoalicsccscccscccncsson
08.1imnic mudsl.ececcsaceaaraas

09.80118:ccesnvesscssssssanens

10.peaticeccccasserscrssccancns
il.phragmites peat

12.8edge peat

13.wood fen peat

14.moss peat

15.raised bog peat

16.highly decomposed peat
20.hydrothermal sediments
2t.volcanic ashes

22.varve clay fmm - g -
In-situ nature and undiaturb-

ance of sampled material:

23.beachrock
24 ,.00ids

i
i
|
25.mangrove, undiff. §
26.Rhizophora mangrove !
27.Avicennia mangrove :
28.Sonneratia mangrove H

i

]

1l.certainly in
2.certainly in
J.certainly in
4.probably not
$.not in situ,

Jo.archeological material:
31.worked wood

j2.worked shells

33.worked bones

3h.worked rocks

35.to00ls

36 .manure
37.charcoal
38.others:

situ, not eroded
situ, top eroded
situ,possaibly eroded
in situ, not sure
but still suitable

. Tidal range

'Ll

amount of ancient local tidal range with
error interval or tendency (+ or -)
1 of changes since deposition of material,

modern tidal range
at closest point
of open sea

154 s 11

Paleocoast

type of ancient coast

1.high coast 6.delta coast

2.dune barrier coast 7.open tidal flat
3.lagoon coast 8.sheltered tidal flat
4.open bay 9.others:

10.

Lovwer sediment contact to indicator
nature of underlying material

6.scmiterrestrial (pecat)
7.pedological (soils)
8.fluvial, eolian

9.bed rock

f.marine-subtidal
2.marine-intratidal
J.marine-supratidal
h.brackish (lagoonal)

S.river estuary

9. Modern coast

B

type of actual coast
(look for no. from list abcve)

sesvevesrsesnacvsreas

S.1limnic (la

~
-
.

Upper sedimc

if sample is
fill in no.
from list ab

™

ke sediment)

nt contact to indicator

token from below land surface,
for nature of overlying material
ove. .

14C-dating of sample

{HIVIT({P

and -number

| laboratory-code
18

8

year of dating

s

34,
5 half-life of 14C
L3I .

8 13C value (%)
used for correction

—
N )Wl

N
- &igﬂcro B

42 b

SUESS-correction=1
other correctionss=2
91210 0|*

. 4 99

specify sigma-interval of result
(sigma 1 = 1, sigma 2 = 2)

$2

—)

result in years BP

Contaminatio

=Y
)
.

ion exchange

~

L]

8
recrystallis

hard water e

penetrated b

acids
fungi, bacte

older materi

artificial ¢
by younger m

others:.....

e e B i=I==

85!

infiltration of humic

n

i.not checked,

. possible
ation 2.checked, not
possible
ffect J.checked, con-
taminated
y roots k.pretrc?ted?
contamination
partly elemina-
. ted .
. 1 S5.contamination
ria, algae reduced by
al included calculation
ontamination

aterial

Sressesosensan

34.|0ther kinds of age determination

J101.varve
¢ 3 02.dendro
O63.pollen

04,fauna,flora
05.archeology
06.potnssium-argon
07.thorium-uranium-methods
08.tephra .
09.0thers:cesaccescesssans
10.indirect

result:..ceccrcrccrascnssas
(transform into yecars BP,
and cntoer under no.12)

15. Age of water

«if dated sample
level indicator,

L

l.indicator
2,indicator
J.indicator
4,indicator
S.indicator

16. Acditional data
distance of site to actual
@.15| coastline of opcn sea -
5 z (in kilometres)

level indicator

itself does not represent water
give an age estimation: -
is
is
is
is
is

older than dated sample
slightly older
ractically of same age
slightly younger

younger than dated sample

Ingtitute:

Date:

Signature:
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SEA-LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (se?ond edition)

e

internal programming no.

1. Geographic locality of sample

iLCOTLAND ' ]
ﬂONIACK 1[N[VIE[RIN]E]S ]S J

sample no.| M4B : 283-288 |

country, state
or sea and sector

geographic region
or town or county

2a. Coordinates

Longitude Latitude

geocoordinates E or W of Graeenwich
5,¢ 412|6 ﬂ 1w 559 2|7 46 m and N or S of the equator (required)

Right Up
coordinates of national rectangular
€ 5042 ]ul - 4319 3,, grid (optional)
:;J internal code for national grid; national grid dcsignation:......NH.-..........

2b. Altitude of sample / indicator

altitude of sample above (+) or bolow (-) local zero datum
| 8 7 6 -if a water level is not indicated by the sample itself,
. Y 111 in altitude of indicator. (metres, moasured from top)
// +0 @|5|altitude measured (1) estimated error
47 1T . u derived from map (2) (in metres)
] -Jaltitudn of local zero datum above (+) or below (-) mean sea leovel
_JJ . 22mark (metres)
+ estimated error in identification of the mean sea level mark
e 2 and relation to local zero datum (metres)
2} 83 if sample is taken from below land surface, give in depth of samplo-
. B NJtoP from surface (metres)
) P SJthickness of sampled interval (metres)
3¢ 36

3. Secondary influences on altitude of data point since sampled material was formed

[;] geotectonic influences Consolidation, compaction of underlying

j.strong uplift : . sediments (from comparing the geology 9(
2.8light uplift neighboring data points or from dotermi-
J.slight subsidence nation of underlying material):

h.strong subsidence
S.arca can be looked upon as stable
6.absolutely no information

A%

1f reasons for movements cen be spccified.
check the list and indicate the direction

ma

o

5

by "+" for uplift or "-" for subsidence. .
For questionable movements £ill in "2V
and for no indication write "O0",

L

egional factors:

local factors: :jl cpoirogonic movementsa others:

(o ]

_EJ local faulting 1| glacio-isostasy Cenecvavens
. halokinetic movements q lydro-isostasy .'-........

, , | &)
+
total amount of local m. total amount of regional m.
o . (£fill in, if possible) s | .4 (give ostimation,if possible) !

amount in metres

estimated error

4. Relation of sample/indicator to an ancicnt water level

thickness of interval within which the
ﬂ 2 ﬂ] fossil water level occurred = indicative
& range (metres).

T vertical distance of midpoint of indica-
-J w w 9 tive range to top of indicator in metres
L_ss ° 71 ebove (+} or below (-) top.

water level was higheri{+) or lower(-)
. than top of sample (mectres).

minimum value for which the ancient
j

specify the wuater level, which
is represented by the indicator:

(5]

1.groundwater table
2.mean high tide level
J.mecan sea level

h.mean low tide level
5.maan high apring tida
6.mean low spring tide
Z.mean high neap tide
8.mean low neap tide
9.5torm flood lavels

O unapociflied aoa levol
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5. Type of water level indicator

1/2

10.organic laycr

position of sample:
“i.top of layer

12.hase of layer

13.middle of layer

14.full interval of layer
15.in upper part of layer
16.in lower part of layer
{7.contact to top of layer
18.contact to base of layer
19.0thers:

40.structures R
41.scedimentory structures

20, erosional feature
21.¢c2iff face
22,¢cliff foot
23.cliff overhang

25 .biotic solutional notch
25.biotic borehole(s)
26.sea cave
27.marine platform (solid)
28.marine terrace (gravel)
29.others:

. 42,.bioturbation structures
43j.archeological structures
44 . dessication fissures

30.constructional featura
3i.heach

32.dune barrier

33.salt marsh surface
34.tidal flat syrface
35.natural levee{undiff.)
36.river or creeck levee
37.fringing coral reef
38.barrier coral reef
39.others=.

e e o n SR G e G e S =S wm ¥R Ga A e v o
L]

|

Indicator occurs as
1.remnant, isolated
2.patch 3J.wide spread

- -y

6. Matiarial sampled (type/genus/species)

01.%W00d e oeenoscsscsssoncrnonse
02.8hellStecvcccascscnscscnsnas
0F.bones:cieavsacccscacvscncne
‘Oh.cornls:.cececesccannssannas
O05.stromatoliteBlccesacnccsans
06.coralline alg8Cicecconsvass
O7.charcoalicceccasescaansvens

24.00ids
08.1immic MudBietaseasvaoascan

- -69.50113:.....................

25.mangrove,
26.Rhizophora mangrove
27.Avicennia mangrove
28.Sonneratia mangrove

10,peaticccecavcssascscasvacsee
11.phragmites peat

12.sedge peat
1j.wood fen peat
14 .moss peat
15.raised bog peat
16.highly decomposed peat 36
20.hydrothermal sediments
21.volcanic ashes
22.,varve clay
23.beachrock

undiff.

3o.archeological material!
31.worked wood
32.worked shellsa
3j3.worked bones
3h .worked rocks
35.to00ls
.manure

37.charcoal

38.0thers: s
In-situ nature and undisturb-
ance of sampled material:

situ, not eroded
situ, top ecroded
situ,poassibly eroded
in situ, not sure
but still suitable

f.certainly in
2.certainly in
J.certainly in
4 ,probably not
S.not in situ,

type of actual coast
{look for no. from list above)

7.} Tidal range
amount of ancient local tidal range with modern tidal range
’J:[—J error interval or tendency (+ or ~) l l4 1 at closest point
" il 1 #le| v of changes since deposition of material. 1 *l!s of open sea
8. |Paleocoast 10, Lower sediment contact to indicator
type of ancient coast . nature of underlying material
_1.high coast 6.delta coast 24 l.marine-subtidal 6.semiterrestrial (peat)
2.dune barrier coast 7.o0pen tidal flat 2.marine-intratidal 7.pedological (soils)
3.lagoon coast 8.sheltered tidal flat jJ.marine-supratidal 8.fluvial, eolian
4.open bay 9,others: h.brackish (lagoonal) 9.bed rock
S.river estuary cesascsasessssansenrss S.limnic (lake scdiment)
9. { Modern coast . ~ 11. Upper sediment confact to indicator

o™

&

if sample is taken from below land surface,
fill in no. for naturec of overlying material
from list abhove. .

fhC-dating of sample PROVISIONAL
1R [1]1]2 4 ana Tnemve
L 9 & L

5151710

28 4

()
w | P

year of dating

half-life of 14C

§ 13C value (%)
used for correction
SUESS-correction=1
« other corrections=2

1 Teln) [ Tob,

417 |6
specify sigma-interval of result
(sigme 1 = 1, sigma 2 = 2)

result in years BP

3
(v}
.

A O

»
@

Contamination

ion exchange {.not checked,

. possible
recrystallisation ™ = ‘2.checked, not - -
possible
hard water effect J.checked, con-

taminated

penetrated by roots §.pretreated,

contamination
infiltration of humic partly elemina-
acids 5 ted N .
fungi, bacteri «.contamination
g1, bacteria, algne reduced by
calculation

older material included

artificial contaminetion
by younger material

Othersieiceccersveasanssans

Other kinds of age determination

O1l.varve

02.dendro

03.pollen

O%.fauna,flora
0%.archecology

06, potassium-argon

07 .thorium-uranium-methods
08.tephbra
09.0thers:cceccceccaccscacs
10.indirect

1%

resulti.sceevacscocnssacan
(transform into ycars BP,
and enter under no.12)

15. Age of water level indicator

-if dated sample itself does not represent water
level indicator,give an age estimation:
1.indicator is
{;] 2.indicator
J.indicator
4.indicator
5.indicator

older than dated sample
slightly older
practically of samo aga
slightly younger ’
younger than dated samplo

is
is
is
is

16. Additional data

distance of site to octual
coastline of open sea

REBAD

(in kilometres)

Datot

InPtitutoa

Signotuirot
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SEA-LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES ‘BQEOhd edition)

e

internal programming no.

1. Geographic locality of sample

sample no.

‘M4B :419-424

S|C{O; TIL|A|{N{D
L_sl

country, state
or sea and sector

ﬂONIACK,INVERNESS

geographic region
. or town or county

2a. Coordinates

Longitude Latitude

Rkight Up

o 542];}

lx] internal code for national grid;

7:: 4[319 3J grid

T
| . geocoordinates E or W of Greenwich
_,_,_!g 4 2 6 ¢ ] w, 59 7 2 7 4 6 and N or 5 of the equator (required)

coordinates of national rectangular
(optional)

national grid dosignationz.....NH.............

2b. Altitude of sample / indicator

S l7.‘ 4ﬂ|

// + altitude measured (1)
- ¢ o ¢ 51derived from map (2)

ol 1%

3 ° _3§)

altitude of sample above (+) or below (-) local zero datum
-if a water level is not indicated by the somple itself,
Till in altitude of indicator.®{metres, measured from top)

estimated error
(in metres)

L, altitude of local zero datum above (+) or below (-) mean ses level
28 . 22lmark (metres)
+ estimated error in identification of the mean sea 1ovol mark

23l @ and relation to local zero datum (metres)

4 119 if sample is taken from below land surface, give in depth of sample-
. top from surface (metres)

ﬂ s]thickness of pampled interval (metres)

. ———

3. Secondary influenccs on altitude of data point since sampled material was formed

[;J geotectonic influences

j.8trong uplift

2.5light uplift

3.s8light subsidence

h.strong subsidence

S.area can be looked upon as stable
6.absolutely no information

If reasons for movements can be specified,
check the list and indicate the direction
by "4+" for uplift or "-" for subsidence.
For questionable movements fill’in "“2"
and for no indication write "0O",.

local factors:

'?l local faulting
3.

—
‘Q' halokinetic movements

' total amount of local m.
| . (fill in, if possible)

Consolidation, compaction of underlying
sediments (from comparing the geology of
neighboring data paints or from dotermi-
nation of underlying material):

] amount in metres

hall IS estimated error
: 59

regional factors:
. .

epecirogenic movements

1
2o
[Ej'glncio-isoatusy

~;1 hydro-isostasy
37

others:

cssserrve e

] total amount of regional m.

{give estimation,if possible)

range (matres).

i, Relation of sample/indicator to an ancient wator level

thickness of interval within which the
fossil water level occurred

vertical distance of midpoint of indica-
tive range to top of indicator in metres
22! above (+) or below (-) top.

apecify the water level, which
is represented by the indicntor.

2.mean high tide level
J.tncan seca level

h.mean low tide level
S.meen high spring tide
6.mean low spring tide
7.mcan high neap tideo

b
indicative FEI 1.groundwnter table

I minimum value for which the ancient 8.mcan low neap tile
| water level was higher(+) or loweri-) 9.s5torm flood levels
y_ 12 11 than top of sample (metres!.

O.unspocificd sea level

L.




=324~

Typc of water level indicator

10.organiclayer

position of sample:

i11.top of layer

j2.base of layer

1j.middle of layer

t4.full interval of layer

15.in upper part of layer

16.in lower part of layer

17.contact to top of layer

t8.contact to base of layer

20.erosional feature
21.cliff face

22.cliff foot

23.¢cliff overhang

24 ,piotic solutional notch
25.biotic borehole(s)
26.sea cave

27.warine platform {solid)
28.marine terrace {(gravel)
29.othera:.

30.constructional fecature
J1.beach

32.dune barrier

33.s8lt marsh surface
“q4.tidal flat surface e
35.natural leveelundiff.)
36.river or creck levee
37.fringing coral reef
38.barrier coral reef
39.othera:..

- o om = Gn g e

Indicator occurs as .

19.o0thers:

42.bioturbation structurea
43.archeological structures
4Y4.dessication fissures

i.remnant, isolated

40.structures .
3.wide sprea

41.scdimentory structures

b e mmmmg

2.patch

6. [Materiai sampled (type/genus/species) 10.peativ.ccececrecocconsacens

11.phragmites peat
] 'i“ O ., WoOU: eesvooreasvesonscreones
1

Jo.nrcheological material:
31.worked wood

j2.worked shells

33.worked bones

Yi.worked rocks

35.to0ls .
36.manure
37.charcoal
38.o0thers:

13.wood fen peat

th.moss peat

15.raised bog pecat
16.highly decomposed peat
20.hydrothermal sediments
21.volcanic ashes

12.8edge pent
O2.s5hellst,veccccneccnorocnsas
0. bONES:csssccsaesencccavssase
Oh.cornlasteecsesosscssensocnns

O5.stromatolitesieececscccnans

06.coralline algBeicecccscceaes 22.varve clay e ———————— e — by

. 23.beachrock In~-situ nature and undisturb-
077charcoa1................... 2l .00ids ance of sampled material: 3
08.1imnic mudsSt.cscocecncconas

26.Rhizophora mangrove
27.Avicennia mangrove
28.Sonneratia mangrove

2.certainly in situ, top croded
J.certainly in situ,possibly eroded
k,probaobly not in situ, not sure
5.not in situ, but still suitable

v
i
|
|

25.mangrove, undiff. ! l.certainly in situ, not eroded
09.30118 ieuacnvoscasoavonasosan. !
1
]
i
1

-~

Tidal range

+
+ amount of ancient local tidal range with modern tidal range
+ _‘ I error interval or tendency (+ or «) 4 0 at closcst point
hall L2 131¢] 17 of changes since deposition of material. 18 *1 2 of open sea
8. |Paleocoast : 10. Lower sediment contact to indicator

type of ancient coast |2| nature of underlying material
A

f.marine-subtidnl
2.marine-intratidal
3.marine-supratidal 8.fluvial, eolian
h.brackish (lagoonal) 9.bed rock
S.limnic (lake sediment)

? 6.semiterrestrial (peoat)

1.high coast 6.dcltas coast
7.pedological (soils)

2.dune barrier coast 7.open tidal flat
J.lagoon coast 8.sholtered tidal flat
4.open bay 9.others:

5.river estuary ssesssentasensssssaney

9. |Modern coast 11, Upper sediment contact to indicator
type of actual coast if sample is taken from below land surface,
5 -{look for no. from list above) fill in no. for nature of overlying material
from list above. .
12.| 1hC-dating of sample PROVISIONAL 13. Contamination

BIIIR ] ] 2 laboratory-code r—' ion exchange . '1.no; checked,
n and -number ol : . possilble
] 7 recrystallisation 2.checked, not
9 ﬂ ] yecar of dating - possible
i%== 3 fr hard water effect J.checked, con-
| 517 A hair-life of 14 | , taminated
. enetrated b t t.pretrcated
6 13C value (%) _JJ pene ¢d Dy roots contamination
4l |+| o used for correction [] infiltration of humic partly elemina-
SUESS-correction=1 =l= acids . ted . .
« other corrections=2 fungi, bacteria, algae 5.contamination
‘ ;L reduced by
7 1. Q ﬂ * I 1 2 gzwsult in years B8P older material included calculation
4 5Y . 52] 4
sp?cify sigma-interval of result e artificial contamination
(sigma 1 = 1, sigma 2 = 2) 1| by younger material
— .
Othersieeeeacscsccscscnssnse
syl

14,/ Other kinds of age determination

Ol.varve
02.dendro
0).pollen

Oh.fauna,flora
05.archeology
06.potassium-argon
07.thorium-uranium-methods
08.tephra
09,0thers:i.ceesssssveoscss

15. Age of water level indicator

-if dated sample itsell does not represeat water
level indicator,give an age estimation:

[:] 1.indicator is older than dated sample

2.indicator is slightly older

Jeindicator is practically of same age
h.indicator is slightly younger
S«.indicator is younger than dated sample

10.indirect :
result:..civscnnncccsonsos 16. Additional data
(transform inta years BP, distance of site to actual
and enter undor no,.12) 4 . 4] constline of open sea
£ 2 (in kilometres)
Inptituto: Datoe: Signaturo:
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SEA-LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (se?ond odition)} .

-’

internal programming no. snmpie no.

1) 4

M4B : 426 - 431

1. Geographic locality of sample

[.ijc olT|LIalN|D ‘ Y et or

27

[I\EJO NITIAICIK|, ILINIVIEIRINIEIS IS &] geographic reglon

or town or county

2a, Coordinates

Longitude Latitude

geocoordinates E or W of Greenwich
_,,Jﬂ 41216 10 1 @ 597 271416 [ﬂ and N or S of the equator (required)

Right Up

l 514 12 41319 |3 coordinates of national rectangular
el 7 7 e 8&rid (optional)
:J internal code for national grid; national grid designation:....NH.............

2b, Altitude of sample / indicator

altitude of sample above (+) or below (-) local zero datum
71 12 Jl-if a water level is not indicated by the sample itaelf,
3 d W £111 in altitude of indicator. (metres, measured from top)
// + a @15 altitude measured (1) estimated error
= . ] derived from map '(2) (in metres)

altitude of local zero datum above (+) or below (-) mean sea level
mark (metres)

s
o
.
ne
[~

+14 2 | | estimated error in identification of the mean sea level mark
BEL and relation to local zero datum (metres) ’

if sample is taken from below land surface, give in depth of sample-

Lﬂ ] ,lﬂ 5!top from surface (metres)

thickness of sampled interval (metres)

33, ¢ 0]

3. Secondary influences on altitude of data point since sampled material wae formed

[;J geotectonic influences . Consolidation, compaction of underlying
l1.strong uplift ’ sediments (from comparing the geology of
2.slight uplift neighboring data points or from determi~
3.slight subsidence nation of underlying material):
hk,strong subsidence
S.area can be looked upon as stable . amount in metres
6.absolutely no information L4y b s
If rcasons for movements can be specificd. bl I estimated error
check the 1list and indicate the direction s 53
by "+" for uplift or "-" for subsidence. '
For questionable movements i)l 'in "2" regional factors:
and for no indication write "0". ’
local factors: ] epoirogenic movements others:
?l local faulting glacio-isestasy teverarans
an g
——] halokinetic movements :EJ hydro-isostasy ;.........
L3 . ) .
+ : +
{7 total amount of loecal m. total amount of regional m.
@ . (£fi1l in, if possible) . o | ) (give estimation,if possible)

. Relation of sample/indicator to an ancient water levelapecify the water level, which

is reprusented by the indicator:

g thickness of interval within_w?i:y tQF 1.groundwater table
:Mw . 2 g&m fossil \(pmt:u: h)-.vcl occurred = indicative 2.mean high tide level
: range metres). 2  J.mean sea level
r*| vertical distance of midpoint of indica- h.mean low tide level
i ﬂ Q 9 tive range to top of indicator in metres 5e.mean high spring tide
Le d 11  above (+) or below (-) top. 6.mean low spring tide

+ minimum value for_which the ancient , é:gg:: 2:§hn:::pt;§:°

. water level was higher(+) or lowor(- 9.storm flood levels
. 288 than top of sample (metres).

O.unnpocificd sea lovel

e

e e



|
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position of

15.in upper
16.in lower

19.others:

Type of water level indicator

10.0organic layer

sample:

11.top of layer

12,base of layer
13.middle of layer
th.full interval of layer

part of layer
part of layer

17.contact to top-of layer
18.contact to base of layer

#40.structures
§i.sedimentory structures

20.cropional feature

30.constructional feature

21.cliff face
22.¢cliff foot

23.cliff overhang
24 . biotic solutional notch
25.biotic borehole(s)

26.sca cave

27 .marine platform (solid)
28.marine terrace (gravel)

29.others:

42.bioturbation structures
43.archeological structures

44 .dessication

Ji.beach .
32.dune barrier

33.salt marsh suiface
34.tidal flat surface
35.natural levee{undiff.)
36.river or creck levee
37.fringing coral reef
38.bvarrier coral reef
J9.otheru:.

- e S e e em e Ae Ee e Mo ew me e of

esssecscsesves
seansevsserense

Indicator occurs as
1.remnant, isolated
2.patch 3J.wide spread

r
1
]
'
1
fissures :

S

6. |Material sampled (type/genu;/specien)

O01.Wo0d: . eussssonvevsacsasanvsse
02.8hellStcevcccscncnccnscscasne
0).bonNeStcsevsensocsassonnssae
OU.COralsiiceccssacsessosasanee
O5.stromatolitest.icsccccccves
06.coralline algaei.ecaiecssvans
O07.charco8lisceccescnsvoassvas
08.1imnic mMudst.cecseccccacans

09,80418 csccreassansasscassnae.

JO.pedtic.csaccsacssssssccnscss

11.phragmites peat

12.8edge peat

1}.wood fen peat

1h.moss peat

15.raised bog peat
16.highly decompased pecat
20.hydrothermal sediments
21.volcanic ashes

22.varve clay
23.beachrock
2h,00ids

25.mangrove, undiff.

26.Rhizophora mangrove
27.Avicennia maugrove
28.Sonneratia mangrove

Jo.archeological material:
31.worked wood

32.worked shells

313.worked bones

34 .worked rocks

35.too0ls

16 .manure

37.charcoal i
38.0thers: T
In-situ nature and undisturb-
ance of sampled material:

situ, not eroded
situ, top eroded
situ,possibly eroded
in situ, not sure
but atill suitabile

2.certainly in
J.certainly in
4 .probably not

'
i
]
i
: f.certainly in
:
1
i
: 5.not in situ,

Tidal range

amount of ancient local tidal range with

modern tidal range

1.high coast

B

J.lagoon coast
4,.0pen bay

Modern coast

9.

)

type of actual
(look for no.

S5.river estuary

type of ancient coast

6.delta coast

2.dune barrier coast 7.open tidal flat
8.sheltered tidal flat

9.others:

coast

from list above)

tf ¥ error interval or tendoncy (+ or -) i l4 at closest point
.12 il BT} sl*] 17 of changes since deposition of material. 8 b 1- of open sea

] :
8. |Paleocoast 10. Lower sediment contact to indicator

nature of underlying material

1.marinc-subtidal
2.marine-intratidal
J.marine-supratidal 8.fluvial, eolian
h.brackish (lagoonal) 9.bed rock
5.1limnic (lake sediment)

6.semiterrestrial (peat)
7 .pedological (soils)

Upper sediment contact to indicator

if sample is taken from below land surface,
fill in no. for nature of overlying material
from list above. .

R [1]1]2

8

&
I8
5

L_d8] ]

B

LY, o1 es

]

1.2.E 1’fc-dnting of sample PROVISIONA

labordtory-code
and -number

year of dating

half-life of 14C

.8 13C value (% )

used for correction

SUESS-correction=1
other corrections=2

ILEETREE

9

gJres\.llt in years BP

specify sigma-interval of result
(sigma 1 = 1, sigma 2 = 2)

&7

|

(1]

Contamination

ion exchange 1.not checked,

. possible

recrystallisation 2.checked, not
posaible

hard water effect J.checked, con-

taminated
h.pretreated,

contamination

partly elemina-

penetrated by roots

infiltration of humie

acids 5 ted . .
fungi., bacteria 1 «contamination
&4 » oigne reduced by

older material included calculation

artificial cgntamination
by younger material

others:,seeeccvencsssnnsaas

th.

Of.varve
02.dendro
03.pollen

Oh.fauna,flora
05.archeociogy

08.tephra

10.indiroct

Other kinds of age determination

06.potassium-argon
07.thorium-uranium-methods

09.0thers:.cseososcssvesnosns

resultic.scessscccsscssnse
(transform into years BP,
end enter undor no.12)

15. Age of water level indicator

-if dated sample itself does not represent water
level indicator,give an age estimation:

f.indicator is older than dated sample
.t 2.indicator is slightly older
Je.indicator is practically of same age
f,indicator 18 slightly younger
Seindicator is younger ithan dated mamplas
16. Additional data

distance of site to actual
coastline of open sea

4

.12

13

(in kilometres)

Inqtituto:

Date:

Signature!
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SEA-~LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (sceond oditiyn)

internal programming no.

h) &

1. Geographic locality of sample

_S_J ol TiL|A[N|D

l_l:‘llLONIvACK,ILINVERN.ESS J

27

sample no. M4B : 472-77

country, state
or sea and sector

geographic region
or town or county

2a, Coordinates

Longitude Latitude

3

Right Up

u_v] 5442 ]z] ) 413{9 3. grid (optional)

and N or S of the equator {required)

praj2i 6ol I\LJ ?9 712171416 geocoordinates E or W of Greenwich

coordinates of national rectangular

:J internal code for national grid; national grid designation:...ccesress0ccscnsss

2b. Altitude of sample / indicator

altitude of sample above (+) or bolow (-) lecal zero datum
~Jl 6 8 % -if a water level is not indicated by the sample itself,
: fill in altitude of indicator. (metres, measured from top)
// + altitude measured (1) estimated error
. 1P )} derived from map “(2) (in metres)
Jaltitude of local zero datum above (+) or bvelow (-) mean secu lsvel

18 . 2jmark (metres)
+ estimated error in identification of the mean sea lovel mark
N 56 and relation to local zero datum (motres) )

. Gjtep from surface (metres)

m 5 thickness of sampled interval (metres)

)

33 ¢ 36/

[—- 4 7 zlif sample is taken from below land surface, give in depth of sample-
2

3. Secondary influences on altitude of data point since sampled material was formed

Reotectonic influences Consolidation, compaction of underlying
3 f1.strong uplift ’ sediments (from comparing the geology of
2.8light uplift neighboring data points or from determi-

J.8light subsidence

k.strong subsidence
5.arca can be looked upon as stable

nation of underlying material):

amount in metres

6.absolutely no information - hd 20
1f reasons for movements can be specified, ht estimated eorror
check the liat and indicate the direction * 5
by "+" for uplift or "-" for subsidence.
For questionable movements fill in "72" regional factors:
and for no indication write "0", .
cpeirogenic movements others:

local factors:

:E] local faulting
31

l halokinetic movements

+

glacio-isostasy

hydro-~isoataay

. (fill in, if possible)

B

I total amount of local‘m,
A

i)

total amount of regional m.

(give estimation,if possible)

4. Relation of sample/indicator to an ancient water level

thickness of interval within which the

ﬂ 2 g fossil water level occurred = indicative
.

54 % range (matres).

* vertical distance of midpoint of iudica-
- g w 9 tive range to top of indicator in metres
€ . above (+) or Lelow (-) top.

I

water level was higher(+) or lower(-)
than top or sample (matroa).

minimum value for which the ancient
J

14

specify the water level, which
is represented by the indicator:

1.groundwater table
a.mean high tide level
J.mean sea level

h.mecan low tide lecvel
S.mean high apring tide
6.mean low spring tide
7.mean higa neap tide
8.mean low nesp tide
9,storm flood levels
O.unspecified sea level

LRI I I I Y
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Type of water level indicator
10.0rganic layer
1 ] position of sample: '
11.top of layer
t2.hasc of layer
13.middle of layer
14 .full interval of layer
15.in upper part of layer
16.in lower part of layer
j7.contact to. top of layer
18.contact to base of layer
19.o0thers:

40.structures
41.sedimentory structures

20, erosional feature
21.¢ciiff face

22.cliff foot

23.cliff overhang

24.biotic solutional notch
25.biotic borehole(s)
26.sea cave

27.marine platform:(solid) .
28.marine terrace (gravel)
29.0thers:

42,.bloturbation structurcs
‘j3.archeological structures
44 ,déessication fissures

30.constructional featurae
31.hecach

32.dunc barrier

33.salt marsh aurface
34.tidal flat surface
35.natural levec{undiff.)
36.river or creek loevee
37.fringing coral reef
38.barrier coral recef
JQ.otheraz.

PR LR el o R et bl

Indicator occurs as
i.remnant, isolated
2.patch 3J.wide spread

b o -

Material sampled (type/gecnus/species)

O1.WoOd eecoonosocecensoncnonee

O2.8hellBtccaccncaccerecssacncne

Ol.bones:cicercocsnccnscsccsnnse
Oh.coralsicecisescasscccccsncas
OS.stromatolites cesecscvanvens
06.coralline algoeieecesvacees
O7.charcoaliccecssvesesvansoons
08.1imnic MudB!eeacecscaconcss

09.80i18 cccaccsoacraascccnnsnae.

j0.peativeccciccssenrcsvancance
11.phragmites peat

.12.5edge peat

13.wood fen pest

1h.moss peat

15.raised bog peat

16.highly decomposed peat
20.hydrothermal sediments
21,volcanic ashes
22.,varve clay
23.beachrock

24.00ids

25.mangrove, undiff.
26.Rhizophora mangrove
27.Avicennia mangrove
28 ,.Sonneratia mangrove

In-situ nature and undisturb- 3
ance of sampled material:

1.certainly in
2.certainly in
J.certainly in
4, probably not
5.not in situ,

jJo.archeological material:
31.worked wood

32.worked shells

33.worked bones

3 .worked rocks

315.1001s

36.manure

37 .charcoal

38.0thers:

situ, not eroded
situ, top eroded
situ,possibly eroded
in situ, not sure
but still suitable

type of ancient coast

1.high coast 6.delta coast
J.lagoon coast
4.open bay
S.river estuary

9.o0thers:

2.dune barrier coast 7.open tidal flat
8.8heltered tidal flat

|

7. |Tidal range
* amount of ancient local tidal range with modern tidal range
il l error interval or tendency (+ or -) 147 at closest point
il 35/ * | 1% of changes since deposition of material. 18 *l 2] of open sea
8. [Paleocoast 10. Lower sediment contact to indicaetor

nature of underlying material

1.marine-subtidal
2.marine-intratidal
3.marine-supratidal 8.fluvinl, eolian
h.brackish (lagoonal) 9.bed rock
S.limnic (lake sediment)

G.semiterreatrinl {(peat)
7.pedological (soils)

9. |[Modern coast - 11. Upper sediment contact to indicator
type of actual coast if sample is taken from below land surface,
5] (look for ne. from list above) 2 fill in no. for nature of overlying material
23 ) i from list above.
12.| 1hc-dating of sampie PROVISIONAL 13. Contamination
—
B I 1 ] A laboratory-code ion exchange 1.not checked,
4 Z and -number Wi : . possible
. recrystallisation 2.checked, not
] 9l 8 ]' year of dating . posaible
kL |_J . [,] hard water effect J.checked, con-
EQ5 7@ half-life of 14C al y amina Led
4 . R
enetrated b t «pretreated,
5 13C value (%-? _l L4 r y roots contamination
« *| ¢ used for correction [~} infiltration of humic partly elemina-
SUESS-correction=1 |1} acids ' ted :
EJ other corrections=2 (] fungi, bacteria, algae 5.contamination
result i BP Ll e ectaty
471413 g_:l‘ d 1A é i oyears E older material included calculation
f_ sp?cify sigma-interval of result 1 artificial contamination
Lsd (sigma 1 = 1, sigma 2 = 2) _L by younger material
Othersi.sieeensvonsoscoeses
14.|Other kinds of age determination 15. Age of water level indicator
g;.z:::io -if dat?d sample itself does not represent water
03-pé113n level indicator,give an age estimation:
Oh.fauna,flora l.indicator 1s older than dated sample
05.archeology 2,indicator is slightly older
06, potassium-argon J.indicator is practically of same agn
07.thorium-uranium-methoda h.ind%cator is mlightly younger
08.tephra S.indicator is youngesr than dated sample
09.0thers:.sceccercvessnee
10.indirect .
| resulti.ciceccsrescacsccane 16. Additional data
J (transform into years BP, distance of site to actual
and enter under no,12) 4 . coastline of open sea
| A (in kilometres)
St
1
{
Institute: Dates Siknnturn}
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SEA-LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (aeéond edition)

w

internal programming no.

i. Geographic locality of sample

i]COTLA_ND

27]

sITIRIA[TIHIcTo InTo [N
28

sample no. | AM : 126-131

country,
or sea and sector

state

geographic region
or town or county

2a, Coordinates

Longitude Latitude

E ]

Hed
-
"
-3
[

7 o grid (optional)

internal code for national grid; national grid designation:

( .
geocoordinates E or W of Greenwich
413 ¢ 3 7]Hu| ‘513]7 31213 w and N or S of the equator (required)
Up

coordinates of national rectangular
4lols 3] 51305 (8

NH

2b. Altitude of sample / indicator

‘ —Jaltitude of sample above (+) or below (-} local zero datum
I I 9 g §|=-if a water level is not indicated by the sanmple itaelf,
5 : W Fill in altitude of indicator. (metres, measured from top)
// +/P] |P|5]|altitude measured (1) estimated error
- . 4] derived from map "(2) (in metres) .
l :]altitude of local zero datum above (+) or below (-) mean sea level
L) . 2zmark (metres)

+ estimated error in identification of the mean sea level mark
T e - and relation to local zero datum (metres) )

. if sample is taken from below land surface, give in depth of sample-

o 1|12 |6, top from surface (metres)
P ) thickness of sampled interval (metres)
33 * 36

3. Secondary influencecs on altitude of data point since sampled matorial was formed

[:] geotectonic influences Consolidation, compaction of underlying
i.8trong uplift : sediments (from comparing the geology ?f
2.s5light uplift neighboring data points or from deteormi-
3.slight subsidence . " nation of underlying material):
h.strong subsideénce
S.area can be looked upon as stable l amount in metses
6.absolutely no information J 1 ar

If recasons for movements can be spccified,
check the list and indicate the dircction

(+

53|

by "+" for uplift or "-" for subsidence.

estimated error

For questionahle movements fill’ 'in "2¢ regional factors:

and for no indication write "O",

1

local factors:

Z‘ local faulting :

ﬂ' halokinetic movements

+

total amount of lacal m.
“ o] . (rfill in, if possible)

=

glacio-isostasy

hydro-isvstasy

epolrogenic movements others:

total amount of regional m.
(give estimation,if possible)

4. Relation of sample/indicator to an ancient water level

2 ¢ fossil water level occurred = indicative lsl

ﬂ thickness of interval within which the
-ﬁJ range {(metres).
+

g 9 tive range to top of indicator in meotres
hd 71 above (4) or below (-) top.

l vertical distance of midpoint of indica-

-

2

T minimum value for which the ancient
| woter level was higher(+) or lower(-)
hd 12  than top of sample (metres).

specify the water leval, which
ia represented by ithe indicator:

1.groundwater table

2. mean
J.mean
b .mean
5.mean
6.mean
7.mean
8.mean

high tide level
sea level

low tide level
high spring tido
low spring tide
high neap tide
low ncap tide

9.5torm flood levals
O.unscpecified soo level




B 19.1¥ ol -

5. |Type of water level indicator 30.constructional feature

10.organic layer ZO.er?aional foature 31.beach
2 position of sample: 21.cliff face 32.dune barrier
il.top of layer 22.c1iff foot 33.salt marsh surface
12.base of layer 23.cliff overnang 34.tidal flat surface
1).middle of layer ' 2h.b%ot§c solutional notch 35:natura1 levee(undiff.)
t1h.full interval of layer ﬁg-blztlcvzorehole(s) J6.river or creck levee
15.in upper part of layer 20.s8en ca . . pe
|2.1n 12£cr gart of lazer 27.marine platform (solid) gg-z:i:§::sc:::;lr:§:
17.contact to top of layer 28.marine terrace (gravel) . ”:“he": !
18.contact to base of ‘layer . 29.others: .. feessrecvetencen |
19,others: . r-- ..... - -
csesssssesscssscsanns .
42.bioturbation structures | Indicator occurs as 2
hO.structures 43.archeologicel structures i 1.remnant, isolated
h1.scdimentory structures 4l . dessication fissures ! 2.patch 3J.wide spread
1
6. Material sampled (type/genus/species) 10.peatiecceccoscencssnsaancas Jo.archeological material:
il.phragmites peat 31.worked wood
1 3 01.W00d: .. csoavrsvssecsssccscsns 12.sedge peat 312.worked shells
' . cevas 13.wood fen peat 33.worked bones
A 02.8hellstcciececncsconssacecs 1h.moss peat 3 .worked rocks
03).bones.isssccnsnsscesseanse 15.raised bog peat 35.to0la
O4.corals:... tesesesscesces 16.highly decomposed peat 36.manure
. 20.hydrothermal sedimenta }7.charcoal
O0S.stromatolites:.csveraceccsee 21.volcanic ashes 38.others:...'.-.._..-..._
06. 1line algaGicescasccsae 22.varve clay = g----= B Ty e
core ¢ gae 2).beachrock In-situ nature and undiaturb-
o7fcharcoal:.................. 2k .0o0ids ance of sampled material:
OB.I;mnlc muUdSiececcnoavoanoes 25.mangrove, undiff. t.certainly in situ, not eroded

+  26.Rhizophora mangrove
27.Avicennia mangrove
28.Sonneratia mangrove

2.certainly in situ, top eroded
J.certainly in situ,possibly eroded
4.probably not in situ, not sure
5.n0t in situ, but still suitable

09.801i18 c0cscescacentcnnccnas

7.1Tidal range
+

smount of ancient local tidal range with modern tidal range

ﬁJ: error interval or tendency (+ or -) [_Jj3 at closest point
. il 1) wi*] 1] of changes since deposition of material. 18 hd Z! of open sea
8. [Paleccoast . 10, Lower sediment contact to indicator
type of ancient coast ’ nature of underlying material
1.high coast 6.delta coast d l.marine-subtidal 6.semiterrestriol (peat)
2.dune barrier coast 7.open tidal flat 2.marine-intratidal 7.pedological (soils)
J.lagoon coast 8.sheltered tidal flat J.marine~supratidal 8.fluvial), eolian
4.open bay 9.others: . h.brackish {(lagoonal) 9.bed rock
| * S.river estuary esessssersvsesassssoan 5.limnic (lake sediment)
9. |Modern coast . 11. Upper sediment contact to indicator
type of actual coast ’ if sample is taken from below land surface,
{100k for wno. from list above) fill in no. for nature of overiying material
’ sl from list ahove. : .
12.| 1hC-dating of sample 13. Contamination
[ laboratory-code ion exchange 1.not checked,
IH V ] Q ﬂ 1 ZJ and -number [ - . . possible
recrystallisation 2.checked, not
1(9(8 glyeur of dating posaible
U hard water effect J.checked, con-

taminated
4.pretreated,

contamination
infiltration of humic partly elemina~
acids ted .
fungi, bacteria, algae S.contamination

L3
_5!!!5 7| | narr-1ife of 14C
~-{216 7 6 13C value (%)

Y « | ¢ used for correction

ﬂi SUESS-correction=1
25 other corrections=2

penetrated by roots

L eI EEI=I

. reduced by
L- 517 7 B 8l5 ;]reault in years BP older materisl included calculation
u t1) 52 5.
specify sigma-~interval of reault artificial contamination
(sigma 1 = 1, sigma 2 = 2) by younger material
othersicecsccscessccsssans
[ 13
1k.| Other kinds of age determination 15. Age of water level indicator
O1l.varve -if dated sample itsclf does not represent water
: gg.dc;gro level indicator,give an age estimation:
«pollen
Oﬁ.zauna.flora i l.indicator is older than dated sample
05.archeology . . . 2.indicator is slightly older
06.potassium-argon 3.?nd§cator is practically of same age
07.thorium-uranium-methods : h.indicator is slightly younger
08.tephra . ) 5.xndicgtor is younger thun dated sample

09.0thers:ccesevesassonnas
10.indirect

result:...oceesaceascocnas 16. Additional data .

(transform into years BP, . distance of site to actual

and enter under no,12) Lﬂl 7 . ﬂ coaatline of open sea
et . 73 (in kilometres)

Infatituto: Dato: ) Signature:
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SEA-LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (sa?ond cdition)

internal programming no. ) sample no. AM : 3032-8

1. Geographic locality of sample

S]C 0 T L A N D ) - country, state

. or sea and sector

EJT RIAITIHIC o N Jo N J geographic region

or town or county

2a. Coordinates

Longitude Latitude

geocoordinates E or W of Greenwich
_JO 4:3(91217 N §9 713121310 EYJ and N or § of the equator {required)
Right Up

_jJ 419|613 _El 5/3(518 7J coordinates of national rectangular

grid {(optional)

L_:;J internal code for national grid; national grid designation:....NH..............

2b, Altxtudo of sample / indicator

altitude of sample above (+) or below (-) local zero datum
I 7 2 8] -if a water level is not indicated by the sample itself,
— : " £111 -in altitude of indicator. (metres, measured from top)
// + m w 5 altitude measured (1) / estimated error
= . 3| derived from map (2) / (in metres) ’
*]altitude of local zero datum above (+) or below (-) mean sca level
[ 18l ] 2mark (metres)
+ 3 w 3 estimated error in identification of the mean sea level mark
HR'E 2¢ and relation to local zero datum (metres)

Q ﬂ 5 if sample is taken from below land surface, give in depth of sample-
g top from surface (metres)

L
2l
Ajthickness of sampled interval (metres)
3y * 5]

3. Secondary influences on altitude of data point since sampled material was formed

geotectonic "influences Consolidation, compaction of underlying
f.8trong uplift ‘ sediments (from comparing the geology of
2.slight uplift neighboring data points or from determi-
3.slight subsidence . nation of underlying material):
h.strong subsidence -
S.arca can be looked upon as stable amount in metres
6.absolutely no information L5 e a5
If recasons for movements can Bbe apecified. :l . estimated oerror
check the list and indicate the direction : hd 53
by "+" for uplift or "-" for subsaidence. ,
For guestionable movements £ill in "72" regional fnctora.
and for no indication write "O",
Jocal factors: L! epeirogenic movements others:
: o
local faulting E glacio-isostasy cecssacans
39 . e
Ig! halokinetic movements :;J hydro-isostasy . sresevesnn
s ) +
total amount of local m. total amount of rogional m.
@ s (fill in, i€ possible) . o| J (give estimation,if possible)

&, Relation of sample/indicator to an ancient water 1evelnpecify the water level, which

i8 reprosented by the indicator:

thickness of interval within which the 1.groundwater table
lﬁ 2 ﬂ fossil water level occurred = indicative 2.mean high tide level
L] e
& range (mntres). 3 3j.mean sea level’

* vertical distance of midpoint of indica- h.mean low tide level
+JJD 2 Q tive range to top of indicator in metres S.meun high spring tide
L h 1 ebove (+) or below (-) top. 6.mean low spring tide
+ minimum value for which the ancient 7.meon high neap tids

8.mean low neap tide
9.5torm flood lavols
O.unspecificd saa level

water level was higher(+) or lowor(-)
than top of nample (metres).

&
.

v

i




~J0cL

T f water level indicator
2. ('ype ©F water feve 3J0.constructional feature

10.0organic layer 20.erosional feature J1.beach
]:EJ position of sample: 21.,cliff face 32:dune barrier

11.top of layer 22,c1i{f foot 33.salt marsh surface

12.base of layer 23.cliff averhang Jﬁ'tidnl flat surface

13.middle of layer 24 ,biotic solutional notch 35-naturn1 loved(undiff.)

14.full interval of layer ':.:?.biotic borehole(s) 36:river or creek levee
.in upper part of layer 2b.8ca cave ) . cof

}Z.in 123er gart of 1nzer. . 27.marine platform (solid) gg‘g:::%::zczz::lr:er

17.contact to top of layer 28.marine terrace (gravel) 39.others:

18.contact to base of layer 29.others: : * crenessannveres

fomecemmmm—————m Lol

19.0thers:

42,bioturbation structures Indicator occurs as

40.structures 43.archeological structures i.remnant, isolated
41.sedimentory structures 44 .dessication fissures 2.patch J.wide spread
S
6. Material sampled (type/genus/species) 10.pedtiieacsccssacsoscaannses jo.archeclogical material:
11.phragmites peat 31.worked wood
O01.W00d i eneeveaosnccscscosanacs 12,sedge peat 32.worked shella
: . 13.wood fen peat 3J.worked bones
1]2) oz.smertstiucieiniiiininnai., 13-wood fen P | 3. worked bones
OJ.bones:.........-......-.... 15.rniaed hog peat 35.‘,0015
0U.COralsieasacassacsscccnacse 16.highly decomposed peat 36.manure
R 20.hydrothermal sediments 37.charcoal
05.stromatolitesiecvesaccnnsss 21.volcanic ashes 38.others:...";"..'.....
06.coralline algaelccecsvecces 22.varve clay = %§yg=mmeemmme—a— e e — ~
23.beachrock In-situ nature and undisturb-
07.charcoaliceececssreccccnes 2h.00ids ance of sampled material: 3

26.Rhizophora mangrove 2.certainly in situ, top eroded

27.Avicennia mangrove J.certainly in aitu,possibly eroded

28.Sonneratia mangrove L. probably not in situ, not asure
5.not in situ, - but still suitable

¥
]
1
i

O8.13imnic MICB:.esavssonsccsas 25.mangrove, undiff. ! 1.certainly in situ, not eroded
09.80i)l8 ccsavcoscsvesacnccans. !
i
1
[

Tidal range

+ amount of ancient local tidal range with - modern tidal range
+H _Ji[~J error interval or tendency (+ or -) L—J:S 7] at closest point
L bl W81 i ] 1 of changes since deposition of material. 18 *1lin] of open sea
8. Paleocoast ) 10. Lower sediment contact to indicator
5 type of ancient coast ’ E nature of underlying material
x| 1.high coast 6.delta coast ? {.marine-subtidal 6.semiterrestrial (peat)
' 2.dune barrier coast 7.open tidal flat 2.marine-intratidal 7.pedological (soils)
I 3.lagoon coast 8.sheltered tidal flat J.marine-supratidal 8.fluvial, eolian
. b4.open bay 9.others: . fi.brackish (lagoonal) 9.bed rock
S.river estuary ssessevascevessnscrans S.limnic (lake sediment)
9, Modern coast —- 11. Upper sediment contact to indicator

type of actual coast if sample is taken from Lelow land surface,
(1ook for no. from list above) fill in no., for nature of overlying material
s from list above. .

s CAY

12. thC-dating of sample 13. Contamination
laboratory-code i] ion exchange 1.not checked,
H v 1 g ﬂ] 3 and -number [ : - possible
recrystallisation 2.checked, not
”9 8ﬁ year of dating posaible
L. [j] hard water effect 3.checked, con-
515| 7| §| nerr-1ite of 14c y, saminated
4 g
netrated .pretreated,
T § 13C value (%) 4] pemetrated by roots contamination
4 +{ & used for correction infiltration of humic partly elemina-
SUESS-correction=1 acids : ted L
« other corrections=2 fungi, bacteria, algae 5.contamination
. - 1 reduced by
7 7 g QJ. 8 g result in years BP older material included calculation
af 3t 52
ap?cify sigma~interval of result artificial contaomination
. (sigma 1 = 1, sigma 2 = 2) by younger material
i] otherasi.iicessesecacaccnaan
05
14. Other kinds of age determination 15. Age of water level indicator
Ol.varve L _-if dated sample itself does not represent water
0 02.dendro level indicator,give an age estimation:
O03.pollen ) R
Oh.fauna,flora ) l.indicator is older than dated sample
05.archeology . . 2.indicator is slightly older
06.potnssium-argon 3.ind%cator is practically of same age
07.thorium-~uranium-methods ’ h.fndxcator %s slightly younger
08.tephra . S.indicator is younger than dated sample
09.0thersi.ceacsvesssescce
10.indirecct
result:.euiesscensonssnanne 16. Additional data
(transform into yeara BP, B distance of site to actual
and enter under no,12) l [7 7 . coastline of open seu
B 28 (in kilometres)

In}titutez ’ Datat ' Signature!
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SEA-LEVEL DOCUMENTATION

COMPUTER-FORM FOR THE COLLECTION OF SAMPLE DATES (se?ond

cdition)

“

internal programming no. sample no.

AM : 484-90

1. Geographic locality of sample

5/C10|T
sl

country, state

C L|AIN|D

27]

TIR[A

RIA|T|H|C|O

or sea and sector

geographic region
or town or couwnty

2a. Coordinates
Longitude Latitude .

] geocoordinates E or W of Groonwich
_5‘|0 4138137 W _5217 312130 J and N or S of the cquator (required
Right Up

coordinates of national rectangular
grid (optional)

41916 51315

]

::J internal code for national grid;

&

5

k)

)

national grid designation:......NH.

2b. Altitude of sample / indicator

_J54

-if a water level is not indicated by the sample itself,
£f11l1 in altitude of indicator. (metres, measured f{rom top)

and relation to local zero datum (metres)

if sample is taken from below land surface,
top from surface (metres)

give in

L.

%J ldepth

:Jthickness of sampled interval (metres)

3 ® 17

altitude 'of sample above (+) or below (-} local zero datum

+ 5 altitude measured (1) estimated error
2 =108]. p ;| derived from map (2) (in metres)
]altitude of local zero datum above (+) or Lelow (-) mean sea level
LJ L 2zmark (metres)
+ 8 4. estimated error in identification of the mean sea level mark

of sampla-

3.

L)

geotectonic influenceces

Secondary influences on altitude of data point since sampled material was formed

Consolidation, compaction of underlying

t.strong uplift sediments (from comparing the geology QY
2,slight uplift. neighboring data peints or from detormi-
3.alight subaidence nation of underlying matcrial):
h.strong subsidence
S.arean can be looked upon as stable amount in motros
6.absolutely no information [_an ° &

If reasons for movcments can be specified, ha ostimated error

check the list and indicate the direction i 52

by "+" for uplift or "-" for subsidence.

For questionable movements f£ill ‘in "“?2" ‘ regional foctors:

and for no indication write "O", .

epeirogenic movements others:

local)l factors:
?

3

local faulting glacio-isostasy

I =Y

E{J halokinetic movements hydro-isostasy esoecnnsne
+ ) .
total amount of local m. total amount of regional m.
| w . (rill in, if possible) . (give estimation,if possible)
k., Relation of sample/indicator to an ancient water 1evclnpecify the water level, which
d by the indicator:
thickness of interval within which the i3 represented by @ ndicator
. 1 ) d = indicativ 1.groundwater table
o Q . 8 g fossil Yater §ve cccurred = indica zwo? 2.mean high tide level
. @ range metres’. y J.mean sca level.
verticnl distance of midpoint eof indica- h.mean lov tide level
- ¢ 4 w tive range to top of indicator in metrcs S.mecan high spring tide
L.z e 71  above {+) or below (-) top. 6.mean low spring tide
t 7 emea igl tid
= minimum value for which the ancient é mean high neap .no
. .mean low neap tidea
water level was higher(+) or lower(-) 9.storm flood lovels
d 2 7 than top of sample (moetres). .

O.unzpecificd ava levol




5.! Type of water level indicator

1|2

{0.organic layer
position of sample:

11.top aof layer

{2.base of layer

13.middle of layer

14.full interval of layer
15.in upper part of layer
16,in lower part of layer
{?7.contact to top of layer
18.contact to base of layer
19,0thers:

40.structures
41.sedimentory structures

20.erosional feature
21.¢cliff faco

22.cliff foot

23.¢liff overhang

24, biotic solutional notch
25.biotic borehole(s)
26.sea cave

27.marine platform (solid)
28.marine terrace- (gravel)
29.others:'

L2.bioturbation atructures
L3.archeological structures
44 ,dessication fissures

40.constructional feature
J1.heach

j32.dune barrier

33.salt marsh surface
j4.tidal flat surface
35.natural Yeveelundiff.)
36.river or creck levee
37.fringing coral rcef
38.barrier coral reef
39.o0thers:

L]
Indicator occurs as

i.remnant, isolated
2.patch 3J.wide spread

R e

6, |Material sampled (type/genus/species)

10.peati.eecsesssvscnasseesscs

Jo.archcological materialt

01.w00d!scesossennscosncssnnanse

1}

O02.8hellsiceccscncssssvescnsan

O).boNnesS :acssesssssoascsnsconsne
Oh.coralsteeseccenssnssovenncnen
OS5.stromatolitesiccecsceccncns
Ob6.coralline algae .secescosss
O07.charcoaliscesnscsescccasenese
08.1imnic MUDS . ceraasevoasans

09.80818%cesanscsasraceccsnnce.

. 14.moss peat

22,varve clay
23.beachrock
2h.00ids

25.mangrove,
26.Rhizophora mangrove
27.Avicennia mangrove
28.Sonneratia mangrove

11.phragmites peat 3t1.warked wood
12.sedge peat j2.worked shells
13.wood fen peat 33.worked bones
3% .worked rocka
15.raised bog pecat 35.tools
16.highly decomposed peat 36 .manure
20.hydrothermal sediments 37.charcoal
21.volcanic ashes 38.others:

In-situ nature and undisturb-
ance of sampled material:

not eroded
top eroded

situ,
situ,

t.certainly in
2.certainly in
J.certainly in
I .probably not
S.not in situ,

in situ, not sure

)
{
)
|
undifrf. :
|
i
1
]
! but still suitable

7.| Tidal range
+

amount of ancient local tidal range with
error interval or tendency (+ or -)
of changes since deposition of material.

modern tidal range
7 at closest point
2 of opon sea

BE

8. Palcocoast
type of ancient coast

1.high coast 6.declta coast

2.dune barrier coast 7.open tidal flat
3.lagoon coast 8.sheltered tidal flat
4§ ,.open bay 9,0thera:

5.river estuary cevessvsrsscsrnrissonse

Madern coast

type of actual coast
(look for no. from list above)

7g)

10, Lower sediment contact to indicator

nature of underlying material

{.marine-subtidal
2.marine-intratidal
J.marine-supratidal 8.fluvial, eolian
f.brackish (lagoonal) 9.hed rock
S.limnic (lake sedimeut)

7.pedological (soils)

Upper. sediment contact to indicator

if sample is taken from below land surface,
fill in no. for nature of overlying material
from list abave. .

o] =

1hC-dating of sample
Lﬂ“vwm
119] 8

517

laboratory-code
and -number

year of d&ting

@ half-life of 14C
! .

L3
- 2’7 § 13C value (%)
[ a2} e]%]| used for correction

SUESS-correction=1
other corrections=2

result in years BP

f
|
[
Bl ¢J'ﬁ‘2 8

specify sigma-interval of result
(sigma 1 = 1, asigma 2 = 2)

13. Contamination
)
ion exchange 1.not checked,
sr._| - . poasible
recrystallisation 2.checked, not
possible
hard water effect 3.checked, con-
taminated
penetrated by 1roots h.pretreated,

contamination
infiltration of humic

acids 5 ted . 0

Iy . t . «contamination

ungi, bacteria, algae reduced by
calculation

older material included

artificial contamination
by younger material

el Gl = = X |

others:eccciccrsvesesasase

85!

14.

Othar kinds of age determination

: 164svarve
g" 0dsdendro
28H3:pollen

@ﬁafaunn.flora
05.archeclogy
96.potassium~-argon
07 sthorium-uranium-methods
8% :tephra
©9bthersiceeecacscscsosse
Siprindirect
EBILt e ieeeennarcacaanane
“‘efsnsform into yeors BP,
#H& enter undor no.12)

15. Age of water level indicator

-if dated samplé itself does not represent water
level indicator,give an age estimation:

]

1.indicator is
2.indicator is
J.indicator is
4,indicator is
S.indicator is

older than dated sample
slightly older
practically of same age
slightly younger

younger than dated sampla

data
distance of rcite to actual

coastline of open sea
(in kilometres)

16. Additional

71.19,

Ingtitute: Dats:

Signature:

situ,possibly eroded

6.semiterrestrial (peat)

partly elemina-
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APPENDIX V.

- A method of representing Flandrian coastal sequences
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o

The newly developed scheme for the description and Tithological
.classification of Flandrian coastal sequences developed by Barckhausen
et al. (1977) is hierarchical in character. There are three levels in the
hierarchy - complexes, sequénces and facies units. Each level contains
a number of profile types. Complexes, described in chapter 3, contain
3 profile types - X, Y and Z. Sequences comprise the middle level of
the hierarchy and are subdivisions of complexes. They are themselves
composed of one or more facies units. Streif (1978) outlines ten

sequences.

(1) clastic sequence (ghk) : clastic sedimentary succession without

intercalated peat layers.

(2) organic basal sequence (ghOB) : succession of peat and 1imnic muds

or soil horizons at the base of clastic Flandrian (Holocene) deposits.

(3) organic cover sequence (qhOD) : succession of peat or limnic muds
which occur at the present surface and which is underlain by clastic

Flandrian (Holocene) deposits.

The qhOB or ghOD sequences can occur in the clastic (X) complex as
well as in the interfingering (Y) complex and may also be absent. The
following sequences are found only in the Y complex and are characteristic
of it:-

(4) lower clastic sequence (gqhKU) : clastic sedimentary unit > 5 cm,
which underlies lowermost intercalated peat layer and may be underlain by

an organic basal sequence.

(5) Splitting up sequence (ghA) : sedimentary succession between the
bottom of the lowermost intercalated peat layer and the top of the

uppermost one.

(6) upper clastic sequence (qhKO) : clastic sedimentary unit > 5 cm.
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Fig. AV-1. Schematic cross-section through the coastal deposits
with lables for principal profile types
(X1, X2, X3, X4, Y1, etc.). Numbers refer to

sequences described in text.

-
1)

Clastic sequence (ghK)

= QOrganic basal sequence (ghOB)
= Organic cover sequence (ghOD)
= Lower clastic sequence (qghKU)
= Sp]igting up sequence (qhA)

= Upper clastic sequence (ghK0)

~I (=] ($2] -+ w N
|

= Organic sequence {ghOQ)
= Clastic basal sequence (qhKB)

Clastic interbedded sequence (qghKE)

o o Ce
]

= (Clastic cover sequence (ghK0)

Source : Streif (1978)



| / \/ 372mP 7712
BW\\ \\ \ q\\\ c ﬁ ,
/, M\\B%B\ M\\\
\\\ A 10N/ \\ m\\\\m\\. /Y7 77T
(L £Z Y A EA X - EX
=T/ : V712V
§ &\ M\\\ ¢ ’ y
L /77
\\_.N \\ .Nm> w» X - LX
L A X



-369-

thick which overlies the uppermost intercalated peat and may be overlain

by an organic cover sequence.
The remainder are characteristic of the peat (Z) complex.

(7) .organic sequence (ghO) : succession of peat and limnic mud with

at least one interbedded layer of clastic sediments > 5 cm. thick.

(8) clastic basal sequence (gqhKB) : clastic sedimentary unit which
occurs in the basal parts of the coastal Holocene deposits and which is
covered by an organic-sequence. The thickness of the clastic basal

sequence is less than that of any covering organic sequence.

(9) clastic interbedded sequence (ghKE) : unit of clastic sediments
which is interbedded in the organic sequence unrelated to an upper or
Tower clastic unit of a splitting up sequence. This clastic interbedded
sequence may not exceed 50% of the total thickness of the organic
sequence. The ghKE unit may consist of one individual layer and/or of

several thin layers 5 cm. thick.

- (10) clastic cover sequence (gqhKD) : clastic sedimentary unit which
occurs at the present surface and which is underlain by the organic
sequence. The thickness of the clastic cover sequence must be less

than that of the underlying organic sequence.

In a coastal context there are a finite number of interrelationships
these ten sequences can hold. Streif (1978, fig.1) outlines twelve
'subordinate profile types' incorporating all .possible combinations of
sequences. These are shown in fig. AV-1 and the numbers 1-10 denote

sequences numbered in the text.

Facies units are the Towest division of the hierarchy and have a
variable number of 'special profile types' which are defined individually

with regard to specific objectives. In this study 'special profile types'
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are used to distinguish between clastic layers of marine and non-marine
origin. A schematic diagram of the most commonly encountered 'special

profile types' is given in Chapter 3, fig.3.4 and they are described below ~

X, XI, 1 - marine clastic sedimentary succession without intercalation
of peat layers. Definition of marine origin based on lithology, stratigraphic
relationships and micropalaeontological analysis. No internal differ-

entiation of marine sequences are made.

X,X2, 18 -  terrestrial clastic sedimentary succession without inter-

calation of peat layers.

X, X2, 16 - terrestrial clastic sequence (ghK) underlain by thinner

organic basal sequence (qhOB)

XsX3,17 - organic cover sequence (qhOD) overlying thicker terrestrial

clastic sequence.

X,X4, 15 - terrestrial clastic sequence underlain and overlain by

organic basal and cover sequences.

Y:¥l, 2 - marine clastic upper and lower sequences, separated by a

single organic splitting up sequence (qhA).

Y ,¥Y3, 3 - organic cover sequence (ghOD) underlain by upper marine
clastic sequence, single organic layer comprising a splitting-up sequence

and a lower marine clastic sequence.

Y,Y3, 4 - as special profile 3 above save the splitting up sequence

comprises two peat layers and are marine clastic layer.

Y,Y 5 - -as special profile 4 above save the splitting up sequence has
three peat layers and two minerogenic layers, the upper of which is non-marine
in origin.

Y,¥Y3, 6 - as special profile 5 above save the splitting up sequence has

three peat layers and two minerogenic layers, the upper of which is non-

marine in origin.
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Y,¥3, 7 - as speciai profile 6 above except the sp]itting'up sequence
has four peat layers and three minerogenic layers only the lower of which

is marine.

Y, Y3,8 - as special profile 7 above save the Tower minerogenic

layer of the splitting up sequence is part marine, part non-marine.

Y,¥3, 9 - as special profile 6 above except the lower minerogenic

layer of the splitting up sequence is part marine, part non-marine.

Y,Y1,10 - the profile type is characterized by an upper clastic
sequence (qhKO) of non-marine origin underlain by a splitting up sequence
of two peats and a single minerogenic layer of non-marine origin with

a lower marine clastic sequence at the base.

Y,Y1,11 - as special profile type 10 above except the single

minerogenic layer within the splitting up sequence is marine in origin.
Y,Y1,12 - as special profile type 10 above save the splitting up

sequence comprises a single peat layer.

Y,Y1,13 - as special profile type 12 above except the splitting up
sequence comprises three peats and two minerogenic layers, all of non-

marine origin

Y,Y1,14 - as 13 above except there are four peatsand three minerogenic

layers.



