
PART 2 LAKE-LEVEL FLUCTUATIONS 

CHAPTER 7 

LACUSTRINE SEDIMENT INTERPRETATION: AN EVENT 

STRA TIGRAPHY 

7.1 INTRODUCTION 

Interpretations of the Loch Coulavie lacustrine sediment record are presented in the 

following sections as a sequence of stratigraphic events. Events defined through 

sediment analysis (Chapter 6) are correlated using within core radiocarbon chronologies 

providing an integrated basin-wide record. A summary of these correlations is 

presented as a series of sediment stratigraphic events (Figure 7.1) and as a series of 

events defined from loss-on-ignition and summary grain size data (Figure 7.2) (Cores 

LCI-LCVU). Hypothesis testing is used to interpret a potential mode of deposition for 

these correlated sedimentary events, such as fluctuations in lake-level, responses to 

internal lacustrine sedimentary processes or external catchment based sediment inputs. 

Section 7.8 presents the interpretation of particular events in the Loch Coulavie 

sedimentary record as a series of fluctuations in lake-level. 

7.2 EVENT 1 (CORES LCII-LCVII): DEPOSITION OF BASAL LAMINATED 

MINEROGENIC SEDIMENTS 

Colour and grain-size laminated (l-2mm lamineae of pale grey silts and darker fine 

medium sands), highly minerogenic «2%, Section 6.3.4) sediments (rhythmites) are 

recorded at the base of the basin across the transect up to 64 em thick at LCVU (Figure 

5.1). These are clearly well-sorted and water-lain, and probably represent pulses of 

sediment deposition. 
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Figure 7.1 Sediment stratigraphy across the Loch Coulave core transect (Cores LCII-LCVII). 
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Figure 7.2 Summary of stratigraphic events across the Loch Coulavie core transect, based on loss-on-ignition for 
cores LCI-LCVII with descriptions of main grain size events. 
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Radiocarbon dating from Core LCXII suggests sediment deposition predates c. 9400 BP 

(10 600 cal. BP) (Sections 6.5.5 and 7.3), with a depositional date of prior to c. 9100 BP 

(10 250 cal. BP) for the remainder of the transect. Pollen analyses were not undertaken 

on these sediments, so further refinement of age is not possible. 

The low organic content of these sediments suggests that during deposition (a) the lake 

was non-productive, (b) mineral deposition far exceeded limnic organic productivity or 

(c) there existed virtually no organic sediment within the catchment, vegetation or soil 

cover, that could have been inwashed. These rhythmitic sediments are thought to be 

clastic varves with a clearly bimodal particle size (Strum 1979), although clays are not 

common at Loch Coulavie. Varves are associated with a seasonally variable sediment 

influx from catchment to lake, such as glaciolacustrine depositional environments 

(O'Sullivan 1983; Saarnisto 1986). In such an environment water temperatures are too 

low for limnic organic matter production, and the catchment-possibly partially glaciated 

with low to very low vegetation cover and poor soil development-would in combination 

generate low amounts of organic matter within the lacustrine sediment. Bennett and 

Boulton (1993) and Tate (1995) suggest that the Loch Coulavie basin would have been 

covered by ice during the Loch Lomond Stadial (Section 2.3) and these sediments may 

have been deposited during the Loch Lomond Readvance deglaciation (cf Walker and 

Lowe 1977; 1990). 

7.3 EVENT 2 (CORES LCII-LCVII) THE ONSET OF ORGANIC 

SEDIMENTATION 

The start of organic sedimentation is an abrupt transition from silver-grey silts and 

sands (Section 7.2) to dark greenish brown organic-rich silts (Tables 6.1,6.3,6.9,6.12 

and 6.16). Organic contents increase from around 2% to >25% (loss-on-ignition) over 

2-4 cm (Sections 6.2.3, 6.3.4, 6.4.2, 6.5.2 and 6.6.2). Radiocarbon dating suggests that 

this is synchronous across the transect, between c. 9010 BP (10 200 cal. BP) and c. 

9145 BP (l0 250 cal. BP), with core LCXII representing a slightly earlier date, c.9395 

BP (10 615 cal. BP). Within core LCn the radiocarbon date for the start of organic 

sediment accumulation, c. 10710 BP (12 850 cal. BP) is considered too old (Section 
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6.2.4). Based on the broad synchroneity of ages across the remainder of the basin a date 

of between e. 9010 and 9145 BP (10 200 cal BP) is extrapolated for this event at LCII. 

If these ages are presumed to represent the start of organic sedimentation after the 

retreat of Loch Lomond Readvance ice at Loch Coulavie, they are young when 

compared to similar stratigraphic transitions from other sites in northern Scotland. The 

data shown in Table 7.1 represent ages for the start of organic sediment accumulation 

or, as with much of the data for Skye, the age for earliest Holocene pollen-stratigraphic 

events. From Table 7.1 the range of radiocarbon dates for the start of organic 

sedimentation following deglaciation is highly variable. 

Reliable and precise dating of early post-glaciallimnic sediments is problematic (Lowe 

1990, 1991; Walker and Lowe 1980) with many dates generated considered in error 

through contamination by older (el Lowe and Walker 1976;Walker and Lowe 1979, 

1981) and younger carbon (ef Lowe and Walker 1981), or influenced by the 14 C 

plateau between 10 500 and 9 500 BP (Ammann and Lotter 1989; Bard et al. 1990; 

Becker et al. 1991). The large error ranges on some dates in Table 7.1 is also explained 

by early radiocarbon age determination techniques being less precise and by low 

amounts of carbon contained in sediment samples. 

However, the radiocarbon ages in Table 7.1 suggest that by around 10 000 BP (11 500 

cal. BP) or earlier all of Scotland was deglaciated, with the accumulation of organic-rich 

lirnnic sediments and the establishment of a vegetation cover. The radiocarbon dates at 

Loch Coulavie suggest that organic sediment began to accumulate around 600 

radiocarbon years later. With the exception of core LCn the radiocarbon dates within 

Loch Coulavie are considered accurate and reliable with minimal contamination from 

older or younger carbon (Section 5.6). The dating points also lie outside the identified 

plateaux in atmospheric radiocarbon. Within the Loch Coulavie basin delayed organic 

sedimentation may have been in response to: 

1) ice remaining within the Loch Coulavie catchment until around 9400 BP (10 600 

cal. BP) effectively preventing organic sedimentation within the basin. A similar 

delay in organic sedimentation of up to 100 years has been proposed by Lowe and 

Walker (1976) and Walker and Lowe (1979). However, this was only thought 

possible due to insulation provided by the thick mantle of glacial drift over the ice 
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within kettle hole sites investigated. Loch Coulavie lies in an ice-scoured bedrock 

basin (Sections 2.3 and 4.4) with little glacial drift to allow for the persistence of 

ice. Spatial and temporal variations in regional deglaciation have been inferred 

from geomorphic and palynological evidence from Skye (Benn et al. 1992). Late 

survival of some glaciers is proposed in the high-altitude corries but all sites are 

thought to have been deglaciated by 9600 BP (10800 cal. BP). Delayed organic 

sedimentation through late deglaciation at Loch Coulavie is thought unlikely based 

on the regional evidence discussed above. 

Site 

Skye 
(Birks 1973)* 

(Vasari 1977)* 

(Williams 1977 and Harkness 1981)* 
(Walther 1984)* 
(Walker et al. 1988) 

Mull 
(Walker and Lowe 1982; Lowe and 
Walker 1986) 

Rannoch Moor 
(Lowe and Walker 1976;Walker and 
Lowe, 1977, 1979, 1980, 1981) 

North West Scotland 
(Pennington et al. 1972) 

Tyndrum 
(Lowe and Walker 1981) 

Stratigraphic or pollen
stratigraphic event. 

Loch Lomond Stadial -Early 
Holocene vegetation transition. 
Establishment of heath vegetation 
(Empetrum) after deglaciation. 
As above 
As above 
As above 

Loch Lomond Stadial-Early 
Holocene lithostratigraphical 
boundary. 

Loch Lomond Stadial- Early 
Holocene lithostratigraphical 
boundary, start of organic 
sedimentation. 

Loch Lomond Stadial- Early 
Holocene lithostratigraphical 
boundary, start of organic 
sedimentation 

Loch Lomond Stadial- Early 
Holocene lithostratigraphical 
boundary, start of organic 
sedimentation 

Radiocarbon age 
(C14 years DP) 

9420 ± ISO 

10060 ± 270 

10330 ± 80 
9930 +1600,-1250. 

10220 ± 150 

Range of dates from 
10 440 ± 80 to 
10 000 ± 70 

10 600 ± 240 
10520 ± 330 
10 390 ± 200 
9730±180 

c. 10250 BP 

Range of dates from 
8340 ± 160 to 
8040 ± 50. 

Table 7.1 Summary of radiocarbon ages for the Loch Lomond Stadial-early Holocene transition in 
Northern Scotland. * Radiocarbon ages cited in Walker and Lowe 1990. 

2) sediments deposited during the period after deglaciation between c. 10 000-9400 BP 

(11 500-10 600 cal. BP) have been removed by erosion. Sedimentological data 

would suggest that the underlying laminated sediments are undisturbed (Section 7.2) 

and nowhere on the transect have earlier disturbed sediments been found. Therefore 
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erosion of these sediments would imply a comprehensive removal of sediment from 

the basin which is thought unlikely, but whilst it is difficult not to support this 

interpretation of sediment removal, it cannot be discounted. 

3) a period of sediment non-deposition within the basin. Non-deposition could have 

occurred when lake-level was too low to facilitate lacustrine sedimentation. Benn et 

al. (1992) and Lowe (1993) record within early Holocene lake sediments from sites 

in both Skye and Mull variations in aquatic pollen and propose a fall or falls in lake

level of regional significance, but no later than c. 9 600 BP (10 700 cal. BP). 

Tipping et al. (2000, in press) propose that a pollen-stratigraphic hiatus, at Buiston 

Loch in Ayrshire, is indicative of sediment non-deposition during lowered lake

levels between 10000 to 9200 BP (11 500- 10 400 cal BP). Tipping (1993) has 

interpreted an abrupt sedimentological boundary and a brief hiatus in the pollen 

record from Cwm Idwal in North Wales as a significant but short lived fall in lake

level, with the lake drying at around 10000 BP (11 500 cal. BP), possibly supported 

by evidence from other lake sites in the region for reduced rates of sediment 

accumulation (lnce 1983). Stratigraphic evidence at Loch Coulavie (an abrupt 

. sedimentological boundary and a chronologically late onset of organic sediment 

accumulation) and the regional evidence for synchronous periods of lower lake

level suggest that the period of sediment non-deposition could be as a result of a fall 

or a series of falls in lake-level. 

After c. 9400 BP (10 600 cal. BP) organic sedimentation commenced in the deeper parts 

of the basin with sustained rising lake-levels facilitating the deposition and preservation 

of organic sediment across the transect. Sources for organic sediment within the basin 

could be autogenic, lake productivity, or allogenic from soils or vegetation cover, within 

the Loch Coulavie catchment. 

7.4 EVENTS OCCURRING WITHIN EARLY-HOLOCENE ORGANIC 

LACUSTRINE SEDIMENTS 

This section discusses lacustrine sediments accumulated in cores LCn, LCI and LCIV 

prior to the transition to fen peat (Section 7.5) and within cores LCXn and LCVn 

sediment deposition prior to a sustained increase in organic content (Events LCXII 3, 

208 



Lcvn 3) (Table 7.2). Overall these relatively organic-rich fine to medium silts (Table 

7.2) were deposited by low energy lacustrine processes. However, detailed sediment 

analysis suggests a highly variable mode of deposition with different sedimentary 

processes operating within near shore and deeper water environments, as outlined in the 

following sections. 

Core Depth Sediment description Loss-on- Grain size Sediment 
(cm) ignition description accumulation 

rate 
LCn 275- Brown organic-rich silt, with blocks 19-43% 0.3 mm1yr* 

235 of metallic grey sediment. 

LCI 430- Dark to orange brown silt with small 25-40% Fine to medium 0.6 mm1yr* 
317 detrital plant fragments. silts 

LCIV 576- Greenish brown organic silt up into 10-50 % Fine and 1.3 mm1yr 
264 dark brown organic silt. medium silts, 

with very fme 
sands. 

LCXII 682- Greenish brown organic silt up into 23-33% Fine to medium 0.3 mmlyr 
614 dark brown organic silt silts 

Lcvn 683- Greenish brown organic silt up into 16-24% Fine to medium 0.3 mmlyr* 
633 dark brown organic silt silts 

Table 7.2. Summary of organic-rich mineral sediment unit noted across the Loch Coulavie basin core 
transect. * denotes sediment accumulation rates based on one interpolated radiocarbon age within the 
core. 

7.4.1 NEAR SHORE SEDIMENTATION (CORES Len, LeI AND LCIV). 

Near shore or marginal cores LCn, LCI and LCIV are 10 m apart with Len nearest the 

shore (Figures 5.1, 5.2). Within marginal cores X-ray analysis shows that organic-rich 

sediments below 185cm in core Lell and below 380 em in core LeI (Sections 6.2.2 and 

6.3.2) are finely bedded with units of variable minerogenic content. These sedimentary 

events are described as (a) 1-2 em thick minerogenic rich units with diffuse and/or 

gradual boundaries and (b) highly stratified thin (1-5 mm) units with abrupt boundaries. 

Linear interpolations using within-core radiocarbon assays (within core LCII an 

extrapolated date of c. 9100 BP (10150 cal. BP) used to define the start of organic 

sedimentation (Section 7.3» are also used to generate age estimates for these 

stratigraphic events. These events and potential modes of deposition are outlined in the 

following sections. 
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(a) Thicker (l-Z cm) min erogenic units. 

Two 1-2 cm thick minerogenic-rich units with diffuse and/or gradual boundaries are 

recorded in LCn (Event LCn 3, Section 6.2.2) and three similar units are recorded at 

LCI (Section 6.2.2). Within core LCn these events occur immediately after the start of 

organic sedimentation around 9100 BP (10 150 cal. BP), earlier than in core LCI where 

these units occur between c. 8800-8450 BP (9800-9500 cal. BP). No grain size data are 

available for core LCII. Within core LCI diffuse minerogenic units defined from X-ray 

analysis correspond to single-sample increases in grain size (event LCI 4, Section 6.3.5) 

with the deposition of a series of coarse silty very fine sands. Within core LCIV (10 m 

from LCI further out across the lake, Figure 5.1) no X-ray analysis was carried out. 

However, grain size analysis indicates similar single-sample coarser grain size events 

(events LCIV 4-11, Section 6.4.3), between c. 8850-8500 BP (9800-9650 cal. BP) and 

c. 8000 BP (9100 cal. BP). Grain size analysis from core LCIV suggests that these 

abrupt increases in grain size occurred during more prolonged and gradual coarsening 

and fining-up sequences in grain size. In all three near-shore cores (LCn, LCI and 

LCIV) these coarser minerogenic units do not correspond to reductions in loss-on

ignition. This suggests that although there are depositional mechanisms controlling 

sediment grain size and minerogenic content (discussed in Section 7.4.2) there are also 

independent controls on organic content reflecting changes in autogenic organic 

productivity or allogenic inputs. 

(b) Deposition of highly stratified sediment units. 

Distinctive highly stratified, laminated, thin (1-5mm) units of alternating minerogenic 

and organic content with abrupt boundaries are defined by X-ray analysis within cores 

Lcn (event LCn 4, Section 6.2.2, Figure 6.1) and LCI (event LCI 3, Section 6.3.2, 

Figure 6.3a). These units were too thin to be defined by loss-on-ignition or grain size 

analysis. Within the near-shore core LCn, sedimentary structures within these units are 

masked by the disturbed nature of the sediment (see Section 7.4.3), but have been 

deposited between c. 9000-7800 BP (10 100-8800 cal. BP). Within LCI these sediment 

units show micro-sedimentary features such as graded infilled channels and were 

deposited at around 9000 BP (10 100 cal. BP). It would appear that at LCI these units 

were deposited for a shorter length of time than at the more marginal site LCn. This 

could be an artefact of preservation; however, the greatest amount of sediment 

disturbance is likely to be at LCII. 
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7.4.2 MODE OF ORIGIN 

It is thought that these units described above are not part of a single depositional process 

such as graduated turbidite sequences. In such a sequence the laminated units would 

represent a period of settling out after the deposition of coarser sediments. However, 

although in core LCn the laminated sequences do occur after coarser sediment units, in 

core LCI laminated units are stratigraphically below the coarser units. Furthennore the 

laminated units are not fining-up sequences and with sharp well defined boundaries are 

considered as separate units. Therefore it is proposed that both these units, the coarser 

more diffuse coarser units and the laminated units have discrete origins. 

Coarser more diffuse units could be derived by inwashing from basin-edge collapse or 

catchment erosion of sediment outwith the lake. However, grain-sizes are too fine, with 

the coarsest units consisting of very fine sands, to have been derived from these sources 

and either of these origins is unlikely. It is proposed that these units are derived from 

the downslope reworking of lacustrine sediment. These are sediment pulses but are 

low-energy and not density-graded with slightly coarser grain sizes through the 

winnowing of fines during transport down the basin slope. 

The highly stratified, laminated units, (b) are deposited at depths too shallow (273-240 

em at Len and 420-424 em at LCI) to be as a result of sedimentation during pennanent 

thennal stratification. These units are thought not to be solely a response to variable 

organic productivity with sedimentological features requiring further explanation. As 

with the coarser units discussed above these laminated units also appear very fine 

grained and thus origins such as basin-edge collapse and erosion of sediment from 

outwith the catchment are also thought unlikely. It is proposed that these units have 

also been deposited during the reworking of marginal lacustrine sediments but with 

deposition occurring as small-scale slurries of sediment deposited very locally at the 

basin margin. The movement downslope of these sediments would have generated the 

small-scale bedding structures such as infilled channels recorded within these units 

(Section 6.2.2). The abrupt nature of the transition from minerogenic to organic-rich 

sediment suggest that once the depositional event was over background, organic 

productivity recommenced and caused a relative increase in organic content. 
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The discussion above would suggest that sedimentation at the basin margin during the 

early Holocene c. 9000-7800 BP (10 100-8800 cal. BP) was complex. Gradual 

increases and decreases in grain size within core LCIV suggest more prolonged changes 

in depositional current velocity and sediment focusing reflecting 'normal 'sedimentary 

processes. The series of depositional events recorded within cores LCn, LCI and LCIV 

suggest, the reworking of lacustrine sediments around the margins of the lake 

interrupting 'normal' lacustrine processes. These reworking events appear to have 

operated at different spatial scales with the deposition of coarser more diffuse sediment 

units across the basin margin and laminated units restricted to the basin edge. 

7.4.3 SEDIMENT DISTURBANCES 

Sediment slumping, fracturing and boudinage structures in core LCn (Section 6.2.2, 

Figure 6.1) show that laminated sediments were subsequently mobilised, though the 

coherence of sediment blocks indicates transport over only short distances. Between c. 

9000-7800 BP (10 100-8800 BP) sediment accumulated and was then disturbed 

generating the features discussed above, It is difficult to ascertain whether there was 

more than one period of sediment disturbance. This type of sediment disturbance was 

not recorded within core LCI (10 m from LCn towards the lake centre). 

The simplest interpretation is for gravity-driven failure of unconsolidated sediments 

with varying cohesive strengths, although the slope of 3.80 is less than the postulated 

threshold (Bennett 1986; Dearing 1997; Section 3.2.1). It remains unclear whether 

gravity failure requires an external trigger. One such trigger is seismic activity (Section 

2.2) but without more precise ages for either seismic events or sediment slumping this 

remains speCUlative. Coherent slumping of lake-sediment through basin edge collapse is 

feasible although is an unlikely erosive force on this lee side of the basin (Section 4.1). 

A block of highly minerogenic sediment noted within the organic-rich sediments of core 

LCn (Sections 6.2.1, 6.2.2) is comparable in all sedimentary characteristics to the basal 

minerogenic sediments recorded in all cores (Section 7.2). It is proposed that this block 

was reworked from basal sediments higher up slope from core Lcn. This later episode 
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of sediment reworking interpolated at around 7550 BP (8480 cal. BP) could have 

occurred through basin edge collapse during a potential lowering of lake level. 

7.4.4 DEEPER WATER SEDIMENTATION (CORES LCXII, LCVII) 

Organic-rich sediments accumulating in deeper water cores LCXII and LCVII, between 

c. 9400-7070 BP (10 600-8020 cal. BP), share comparable grain sizes, fine to medium 

silts with a low accumulation rate (Table 7.2). Grain size analysis (Sections 6.5.3, 

6.6.3) indicates that both cores consist of sediments with a low depositional energy 

typical of lacustrine processes with only minor changes in grain size indicated by rare 

fining-up sequences. These fining-up sequences suggest a decreasing energy of 

deposition. Stratigraphically it is difficult to discern any hiatuses within these 

sediments and the coarsely resolved palynological investigation (Section 6.5.4) within 

core LCXII may have missed these. A potential change in sedimentation is indicated by 

pollen preservation data (Section 6.5.4.1, Figure 6.30) where very high percentages of 

corroded pollen are found within the sediments of core LCXII, between c. 9400-7070 

BP (10 600-8020 cal. BP). Increased aerobic decay associated with corroded pollen 

grains could have occurred (a) during periods oflow lake level with limnic sediments 

exposed to the air (Lowe 1982), or (b) during transport to the lake with pollen subjected 

to increased aerobic decay within accumulating organic soils developing within the lake 

catchment (Tipping 1987). The lack of any further evidence for a hiatus in the deeper 

water sedimentary record would suggest the latter mechanism to explain increased 

amounts of corroded pollen. 

It is proposed that for this prolonged period of approximately 2500 radiocarbon years 

deeper water sediment remained quiescent with predominantly low-energy lacustrine 

sedimentary processes. 

7.5 THE LACUSTRINE-FEN PEAT TRANSITION 

Present-day aquatic vegetation within Loch Coulavie is swamp vegetation dominated by 

Carex rostrata, with a near-shore fen type vegetation dominated by Molinia caerulea 

(Section 4.8, Figure 5.1). Fen peat is defined here as a fibrous, macrofossil-rich highly 
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organic (>70% loss-on-ignition) peat as recorded within cores LCn, LCI and LCIV. 

Sediment description from cores LCn, LCI and LCIV (Sections 6.3.1, 6.4.1, 6.5.1) 

indicates a fibrous sedge peat with herbaceous and woody plant fragments with no 

Sphagnum remains noted, overlying more minerogenic lacustrine sediment at a depth of 

between 2.3-3.0 metres. Within the margins of the basin, peat has accumulated beneath 

swamp or fen vegetation and not as a Sphagnum-dominated mire or 'schwingmoor' 

(Tallis 1972; Moore and Bellamy 1974). 

Within cores LCXn and LCVn in the lake centre, peat is recorded at shallower depth, 

around 2 metres (Sections 6.5.1,6.6.1), overlying minerogenic lacustrine sediment. 

However this detrital peat is not as fibrous as at marginal cores and loss-on-ignition 

suggests this peat is highly minerogenic (Sections 6.5.2, 6.6.2). The deposition of this 

peat is further discussed in Section 7.7.3. 

For growth of swamp vegetation and the accumulation of sedge peat the water depth 

needs to be shallow enough for the establishment of initial colonising aquatic 

vegetation, up to a couple of metres of water depth (Bunting and Warner 1998). 

Shallowing water depth within the basin can be a response to (a) sediment infilling or 

terrestrialization of a basin, with associated hydroseral development, or (b) a lowering 

of lake-level. Sediment stratigraphies and a secure chronological framework will 

further define the mechanism causing a relative shallowing of water depth and the 

transition to fen peat because terrestrialisation should be gradual and diachronous but a 

lowering of lake-level should lead to a rapid, nearly synchronous transition to fen peat 

from mineral-rich lake mud (Korhola 1992). 

Within cores LCn and LCI sediment descriptions and loss-on-ignition record a steep 

rise in organic content with the transition from minerogenic lacustrine sediment «40%) 

to organic fen peat (>70%) occurring over 6-11 cm (Sections 6.2.1,6.2.3, event LCn 6; 

Sections 6.3.1, 6.3.4 event LCI 5). Immediately prior to the onset of the fen peat 

distinctive flattened graminoid stems are recorded, possibly the remains of Phragmites. 

Phragmites macrofossils could be the remains of colonising plants established in deeper 

water prior to the onset of fen peat. Any interpretation of these macrofossils is further 

complicated by the ecology of Phragmites as its roots are known to penetrate deep into 

the substrate thus making an interpretation based on the stratigraphic position of these 
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macrofossils imprecise. Phragmites can tolerate a range of water depths 0-2 metres and 

thus cannot be used to indicate shallowing water conditions associated with the onset of 

fen peat (Haslam et at. 1975; Spence 1964). 

Within core LCIV the transition to fen peat is more complex (Section 6.4.2). Organic 

content increases gradually from an initial basal increase (event LCIV 2, Section 7.3) 

with sediment described as detrital rich (Section 6.4.1) and highly organic (60-70% 

loss-on-ignition, Section 6.4.2) from 260 cm, suggesting that peat was starting to 

accumulate. At core LCIV the onset of fen peat accumulation was interrupted by the 

deposition ofa minerogenic sediment unit at 236-242 cm (event LCIV 11). The onset 

offen peat, at LCIV is immediately after the deposition of this minerogenic sediment 

unit with a rapid rise in organic content of <40% to >70% loss-on-ignition over 4 cm 

(Sections 6.4.1, 6.4.2, event LCIV 12). Distinctive Phragmites macrofossils are 

recorded within core LCIV but around 150 cm below the onset of fen peat. 

The onset of fen peat accumulation (as defined above) at LCn was dated by radiocarbon 

assay at 6980 ± 55 BP (7770 cal. BP) (Section 6.2.4). Within core LCI (Section 6.3.8 

(Table 6.8» the relevant radiocarbon assay AA-34227 does not conform to the 

stratigraphic sequence (Sections 6.3.7.2, 6.3.8). Within-core linear interpolation 

estimates an age of around 7100 BP (8100 cal. BP) for the onset of fen peat 

accumulation at core LCI (Section 6.3.8). The transition from minerogenic sediment to 

fen peat may have taken between 160-200 14 C years. The transition to peat 

accumulation is synchronous at 20' in cores LCn and LCI occurring around 7000 BP 

(7800 cal. BP). Within core LCIV the onset of fen peat is the culmination of a complex 

trend (above) with detritus and organic-rich sediment accumulation, from around 6900 

BP (7800 cal. BP). Following the deposition ofthe minerogenic unit (event LCIV 11) 

age interpolation suggests that the resumption of fen peat accumulation took place at 

6490 ± 55 BP (7430 cal. BP) and occurred rapidly probably over c. 40 radiocarbon 

years. 

The chronological synchroneity and rapidity of the onset of fen peat across the marginal 

core transect, 30 metres, suggests that a lowering of lake-level at around 7000 BP (7800 

cal. BP) caused a reduction in water depth, allowing for the establishment of fen 
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vegetation communities and peat accumulation. The evidence within core LCIV is 

more complex with the establishment of peat at this site interrupted by the deposition of 

a minerogenic sediment unit (event LCIV 11). 

Sedge peat did not extend to the deeper water cores LCXII and LCVII, but the onset of 

fen peat accumulation is synchronous with a rapid transition from minerogenic «25% 

loss-on-ignition) to increasingly organic-rich (>40 % loss-on-ignition) sediment (event 

LCXII 3, Section 6.5.2; event LeVI! 3, Section 6.6.2), interpolated at c. 7070 BP (8020 

cal. BP). This transition could have been in response to (a) shallower water and an 

increase in lake productivity or (b) changes to the amount of allogenic organic sediment 

supply, through establishment of the fen peat at the basin margins or vegetation cover 

within the lake catchment (see Section 7.7.3). Sediment description would suggest that 

there is no increase in the amount of organic detrital material, indicating that the 

increase in organic content is through solutes, with the fen peat accumulating at the 

margins of the basin providing a source. 

7.6 SEDIMENT STRATIGRAPHIC EVENTS DURING FEN PEAT 

ACCUMULATION 

This section discusses sediment-stratigraphic events recorded during the accumulation 

of fen peat within cores LCn, LCI and LCIV using loss-on-ignition, grain size analysis 

(Section 7.6.1) and humification (Section 7.6.2). Fen peat accumulation at the lake

margins is not uniform but is interrupted by a series of gradual and abrupt sediment 

stratigraphic events seen as minerogenic-rich units and/or humification changes. The 

origins of these events are considered in Sections 7.6.1 and 7.6.2. In deeper water cores 

other minerogenic units are identified which mayor may not be comparable; these are 

discussed in Section 7.7. 
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7.6.1 MINEROGENIC SEDIMENT UNITS WITHIN THE FEN PEAT (EVENTS LCI 

6-9 AND LCIV 11,13-15) 

Within cores LCI and LCIV sediment descriptions, x-ray analyses and, specifically loss

on-ignition indicate that fen peat was replaced intennittently by more minerogenic 

sediments, events LCI 6-9 (Section 6.3.4) and events LCIV 11, 13-15 (Section 6.4.3). 

The minerogenic events recorded within the fen peat are considered to be products of 

low-energy lacustrine sedimentation processes. None of these events is apparently 

emplaced erosively across the fen peat. Sediment descriptions of event LCIV 11 

(Section 6.4.1, Table 6.10) indicate that both upper and lower sedimentary boundaries 

are gradual to very gradual. X-ray analysis of event LCI 8 (Section 6.3.2) is also 

described as having gradual or diffuse upper and lower boundaries. Loss-on-ignition 

data for all the minerogenic units would indicate abrupt boundaries; however, these 

patterns are probably artefacts of the comparatively coarse sampling resolution. Units 

are not of unifonn thickness, with event LCIV 11 up to 6 cm thick, whereas other units 

are between 2-4 cm thick with again this thickness an estimate because of the coarse 

sampling resolution. There is no evidence to suggest that these units have been 

deposited as single-event turbidite-like pulses. Units LCI 8, 9 and LCIV 11, 15 with 

more than one grain-size analysis show no evidence for sediment grading (such as a 

fining up sequence) and thus no change in energy during deposition (Sections 6.3.5, 

6.4.3). Grain-size analysis also suggests that these units have similar characteristics, 

medium to coarse silts with only low amounts of very fine sand, typical of lacustrine 

deposits prior to fen peat deposition. Only event LCIV 14 appears different and is 

discussed further below. 

As outlined above events LCI 6-9 and LCIV 11, 13-15 share comparable sedimentary 

characteristics and are considered to have similar origins. These units also occur at 

comparable depths (Figure 7.2) and so are correlated between cores LCI and LCIV. 

Based on core correlation the deposition of these minerogenic units is considered 

synchronous across cores LCI and LCIV. Secure radiocarbon assays generated from 

sediments in core LCI (Section 6.3.8) suggest that minerogenic units were deposited at 

6280 ± 60 BP (7215 cal. BP) (events LCI 6-LCIV 11),5000 ± 80 BP (5730 cal. BP) 

(events LCI 7-LCIV 13),3060 ± 50 BP (3300 cal. BP) (events LCI 8- LCIV 14) and 
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2410 ± 50 BP (2360 cal. BP) (events LCI 9-LCIV 15). There is an overlap in the 

radiocarbon chronology noted in core LCIV between the date of the first minerogenic 

event LCIV 11 at 6280 ± 60 BP (7215 cal. BP) depth 236 cm and the start of peat 

accumulation (event LCIV 12) at 6490 ± 55 (7423 cal. BP), depth 232 cm (Section 

6.4.4). However, these ages cannot be separated at the 20' level. 

Grain size comparisons of these units between cores suggest that sediment transport 

directions can be inferred, and these indicate that sediment transgressed across the fen 

peat from the lake, in support of sedimentological evidence (above) for a lacustrine 

origin. Consistent lateral sediment fining from core LCIV to LCI is defined from 

Figures 7.3, 7.4, 7.5 and 7.6. A significant difference in grain size distribution was 

defined using the 20' standard deviation about the distribution curve (Section 5.3.2). 

For events LCIV 13 (87-189 cm), 14 (129-131 cm) and 15 (97-99 cm) (Figures 7.5, 7.6 

and 7.7) there is a significant difference in grain size with sediments in cores LCIV 

coarser than core LCI. There is no significant difference in grain size between event 

LCI 6 (252-254 cm) and LCIV 11 (236-242 cm) (Figure 7.3). 

Evidence for a sediment transport direction across the fen surface does not imply 

significant energy during emplacement. Wave action coupled with surface roughness 

(fen vegetation) would cause sediment trapping with lateral fining generated through the 

preferential trapping of coarser sediment. This trapping of coarser sediments within 

core LCIV could also provide an explanation for the relatively coarse sediment unit 

recorded in event LCIV 14 ( see above). 
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Figure 7.3 Particle size distribution for correlated minerogenic unit event LCI 6 (252-254 cm) and event 
LCIV 11 (236-242 cm) (NB grain size distribution for this unit has been averaged) with 2cr Standard 
deviation fitted to the distribution curves (red - LCI, green dashed -LCIV). 
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Figure 7.4 Particle size distribution for correlated minerogenic unit, event LCI 7 (198-200 em) and event 
Lerv 13 (187-189 cm), with 2cr Standard deviation fitted to the distribution curves (red - LCI, green 
dashed - LCIV). 
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Figure 7.6 Particle size distribution for correlated minerogenie unit, event LCI 9 (88-92 em) and event 
LCIV 15 (97-99 em), (NB grain size distribution for both these units has been averaged) with 20' 
Standard deviation fitted to the distribution curves (red - LCI, green dashed - LCIV). 
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The evidence outlined above indicates that these minerogenic units correlated between 

cores LCI and LCIV are lacustrine in origin, deposited under low-energy quiescent 

conditions. It is proposed that these sediments were deposited during higher lake-levels 

with the fen peat surface inundated long enough for the deposition of lacustrine 

sediment (cf Walker 1970). However, there are several other competing hypotheses: 

1) erosion from slopes above the lake margin may have introduced minerogenic 

sediment across the fen peat: this would probably have resulted in the introduction 

of coarse sediment in a high energy depositional environment, potentially erosively 

across the peat, possibly with a fining-upward pattern and certainly with a sediment 

transport direction from the fen to the lake. The units LCI 6-9 and LCIV 11, 13-15 

show none of these features and this mechanism is rejected. 

2) erosion from catchment slopes elsewhere in the basin pushed minerogenic sediment 

across the fen peats. This would explain the direction of transport and distance from 

source would explain both non-erosional contacts and finer than expected grain-size 

of sediments, although in this model the close comparability of sediments with 

typical lacustrine deposits would be coincidental, which would seem unlikely. 

However, by itself it does not explain the transgressive emplacement of sediment 

over a sloping fen peat surface unless this was by a tsunami-like wave or seiche. 

This cannot be rejected but it is felt unlikely because there is no such evidence for 

catastrophic slope failure, needed to generate such waves, in the catchment. 

3) Deposition through wind action generating seiches. The minerogenic units are 

deposited up-wind and the deposition of up to 6 cm of sediment within these units 

could take a period of time longer than is suggested by a near instantaneous event 

such as a seiche, and this idea is rejected. 

4) Basin-edge collapse through wave action or lowered lake-level would, given that 

fen peat underlies these min erogenic units, result only in the deposition of organic 

matter and not in these distinctive bands, and this idea is rejected. 

5) an apparent increase in minerogenic content of the peat is associated with hydroseral 

development within the basin, with peat 'mineralisation' under near-zero 

accumulation rates (cf Bunting et al. 1996). The lack of apparent reductions in fen 

peat accumulation rates within core LCI (Section 6.3.8, Figure 6.16) and the 

subsequent rapid re-establishment of highly organic peat after each minerogenic 

event (over 2cm) would suggest that these events are not in response to the 
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prolonged process ofterrestrialisation and peat 'mineralisation', and the idea is 

rejected. 

From the above discussion it is proposed that the most likely origin for these 

minerogenic events was deposition during rises in lake-level. The magnitude of each 

rise in lake-level was great enough to ensure lacustrine sediment deposition but not to 

inundate fen peat vegetation fully at core LCn (Section 6.2.3). The magnitude of each 

of these events is further defined from the response of the fen peat before, during and 

after each rise in lake-level, outlined in Section 7.6.3, by utilising fen peat surface 

wetness data discussed next. 

7.6.2 CHANGES IN FEN PEAT SURFACE WETNESS 

Changes in accumulating fen peat surface wetness were identified using humification 

analysis (Sections 5.4, 6.3.6). Ifwithin Loch Coulavie peat accumulation followed a 

terrestrialization model (Section 3.4), gradual infilling would give rise to shallowing 

water depth and changes in vegetation type associated with hydroseral succession. The 

peat humification data would therefore be expected to show trends reflecting these long

term changes in vegetation cover, such as increasing humification and decay as the peat 

surface is ultimately raised above the water table. Seasonal fluctuations in water level 

would expose the accumulating peat surface during summer lower lake-levels, but 

probably not long enough to alter the degree of surface peat humification. 

The humification data (Section 6.3.6), like the dating evidence for near-synchronous fen 

peat establishment (Section 7.5), do not support the model ofterrestrialization. A 

highly variable peat humification record generated from predominantly sedge peat at 

core LCI suggests that fluctuations occurred in the amount of surface peat decay 

(Section 3.4.1). In this fen peat, therefore, it can be expected that the amount of fen 

peat surface decay would be controlled by fluctuations in lake-level (Section 3.4.1). 

Lower lake levels would expose peat to aerobic conditions for potentially long periods 

of time generating an increase in the degree of surface peat humification. Rising lake

level would increase surface wetness to the extent that the peat surface may not be 

seasonally exposed to aerobic conditions, providing conditions for the accumulation of 

poorly humified peat. 
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Humification analysis records a number of events in which a consistent pattern of 

gradual decreases in humification (wetter mire surface; higher lake-level) followed by 

abrupt shifts to increased humification (drier mire surface; lower lake-level) (Section 

6.3.6, Figure 6.11 and Table 6.5) are identified. The apparent gradual increase in fen 

mire surface wetness is thought to reflect the response of the mire system to a gradually 

rising lake-level with peat accumulation keeping pace with the rate of lake-level rise. 

The apparent abrupt nature of the transition to more humified peat could reflect the 

sensitivity of the mire surface to a fall in lake-level. Exposure during low lake-levels, 

with lake-level perhaps only falling a few centimetres, would allow air to penetrate 

giving rise to increased amounts of aerobic decay and increased humification. This 

transition to more humified peat could also be in response to accelerated peat growth 

associated with the previous period of rising lake level, the fen surface raised above a 

static or still-rising water level and resultant accumulation ofhumified peat. It is 

proposed that within the fen at Loch Coulavie periods of increased peat humification 

were as a result of lower lake-levels and all that is measured here is a relative fall in 

lake-level, with the magnitude of each fall poorly defined. 

The chronology is generated (Table 7.3) through linear interpolation of radiocarbon 

assays obtained from core LCI (Section 6.3.8). The age-depth curve (Section 6.3.8) 

suggests that sediment accumulation rates were relatively, constant during fen peat 

accumulation. However, the relatively poor resolution of radiocarbon dates and 

changes in the peat stratigraphy suggest that these constant accumulation rates may be 

incorrect. The interpolated chronology must therefore be seen as an estimate with a 20' 

age range of around 100-150 radiocarbon years. 
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Lake-level fall Lake-level rise Zones within Lacustrine Events LCI-
fen peat LCI. minerogenic LCIV 

events 

1620-1260 BP (0) 
(1580-1230 cal. BP) 

1840-1620 BP (n) 
(1800-1580 cal. BP) 

2050-1840 BP (m) 
(2010-1800 cal. BP) 

2560-2050 BP ... (1) 2410 BP LCI9-LCIV 15 
(2580-2010 cal. BP) (2360 cal. BP) 

2820-2560 BP (k) 
(2960-2580 cal. BP) 

3000-2820 BP U) 
(3200-2960 cal. BP) 

3350-3000 BP ( i) 3060 BP LCI 8-LCIV 14 
(3670-3200 cal. BP) (3300 cal. BP) 

3570-3350 BP (h) 
(3940-3670 cal. BP) 

3860-3570 BP (g) 
(4300-3940 cal. BP) 

3960-3860 BP (f) 
(4430-4300 cal. BP) 

4540-3960 BP (e) 
(5150-4430 cal. BP) 

5360-4540 BP'" (d) 5000 BP LCI 7-LCIV 13 
(6140-5150 cal. BP) (5730 cal. BP) 

5550-5360 BP (c) 
(6360-6140 cal. BP) 

5970-5550 BP (b) 
(6860-6360 cal. BP) 

6840-5970 BP (a) 6280 BP LCI 6-LCIV 11 
(7810-6860 cal. BP) (7215 cal. BP) 

Table 7.3 Interpolated chronology for proposed periods oflake-Ievel fluctuations generated from 
humification analysis (Section 6.3.6, Figure 6.11), given in radiocarbon years BP and Calibrated years 
BP .... interpreted as prolonged period of either a higher or lower lake level. Also shown are the ages 
determined for deposition of lacustrine minerogenic units. LCI zones are generated from fen peat 
humification data Section 6.3.6, Table 6.6. 

Gradual increases in mire surface wetness, described above, are recorded over 300-500 

radiocarbon years (Table 7.3). A more prolonged period of decreased humification, 

consisting of a gradual increase in mire surface wetness and a subsequent period of 

sustained mire surface wetness is recorded between 2820-2050 BP (2960-20 lOcal. BP) 

(LeI zones k and I). This chronology also indicates the abrupt nature and short duration 

(l00-200 radiocarbon years) of the subsequent transitions to a drier mire surface. The 

apparent short duration of periods of drier peat surface and thus the inferred abruptness 

of a fall in lake-level may be an artefact of peat preservation. Reduced peat 

accumulation and erosion are associated with the increased amount of peat decay during 

these lower lake-levels (Section 3.4.1; Walker 1970). One prolonged period of drier 
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mire surface is recorded between around 5550-4540 BP (6360-5150 cal. BP) (LCI zones 

c and d). 

7.6.2.1 Aquatic vegetation 

The aquatic pollen record generated to identify and refine periods of drier or wetter peat 

surfaces in core LCI proved inconclusive (Section 6.3.7), in part owing to the 

limitations of palynological techniques (Sections 6.3.7,5.5). A single unidirectional 

trend from Sphagnum to Calluna vulgaris suggested an increase in surface dryness. 

The palynological record appears to record a long-term trend to decreasing water depth, 

potentially associated with basin infilling and terrestrialization, assuming that these 

increasing amounts of Calluna are derived from the fen surface. However, Davies 

(1999) (Section 4.7) proposed, from palynological data at a terrestrial site within the 

Loch Coulavie region, that Calluna increased in the region from c. 6360 BP (7230 cal. 

BP) such that this probably cannot be used as a simplistic indicator of changing mire 

surface wetness. 

Pollen concentration data (Section 6.3.7) record a single notable fluctuation. High 

pollen concentrations, suggesting reduced peat accumulation rates, followed by very 

low concentrations, suggesting increased peat accumulation rates, are recorded during 

the transition to increased surface wetness at 3350-3000 BP (3670-3200 cal. BP) (LCI 

zone (i), Table 6.5). Although a single abrupt record of fluctuating pollen concentration 

the association with a change in humification changes further refines the interpretation 

of fluctuations in lake-level at this time. 

7.6.3 FLUCTUATIONS IN LAKE-LEVEL 

Rises in lake-level are identified as the most probable mechanism for deposition of 

lacustrine sediment across the mire surface between cores LCI and LCIV (Section 

7.6.1). Correlation of these events with the record offen peat surface wetness is now 

explored to further define magnitude, abruptness and duration of lake-level fluctuations. 
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c. 6280 BP (7220 cal. BP): event LCI 6, LCIV 11. 

This lacustrine minerogenic sediment unit is deposited during the prolonged 

accumulation of increasingly humified peat (LeI zone a) 6840-5970 BP (7810-6860 cal. 

BP) and is marked by non-significant increases in fen peat surface wetness. The limited 

response of the fen peat surface to this proposed increase in water depth could indicate 

an abrupt, short-lived rise in lake-level with no time for the fen peat to respond to the 

wetter surface conditions, with the accumulation of poorly humified peat. However, the 

rise in lake-level was of a great enough magnitude to deposit lacustrine sediment across 

the fen. The rise in lake-level took place during a prolonged period of increasing dry 

fen peat surface suggesting that in the longer term lake-levels were falling, or were 

stable at a lower level. 

c. 5000 BP (5730 cal. BP): event LCI 7, LCIV 13. 

Lacustrine minerogenic sediments are deposited during a sustained period of drier fen 

peat surface (LeI zone d). There is no response in fen peat surface wetness to this rise 

in lake-level. This event is similar to the event discussed above with the rise in lake

level abrupt and short-lived but of a great enough magnitude to deposit lacustrine 

sediment. This event also occurs during a potential more prolonged period of lower 

lake-level. 

c. 3060 BP (3300 cal. BP): event LCI 8, LCIV 14. 

This lacustrine minerogenic sediment unit is deposited near the end of a gradual 

transition to increased wetter fen peat surface conditions which started from c. 3350 

(3670 cal. BP) (LCI zone i). This suggests a gradual rise in lake-level with increasingly 

poorly humified peat associated with the fen peat surface keeping pace with lake-level 

rise, culminating in the deposition of lacustrine sediment. This period of higher lake

level ends abruptly with a transition to potentially lower lake-levels from c. 3000 BP 

(3200 cal. BP) (LeI zone j). 

c. 2410 BP (2360 cal. BP): event LCI 9, LCIV 15. 

Lacustrine minerogenic sediments are deposited during a prolonged period of increased 

fen peat surface wetness (LCI zone 1). This period occurs after a gradual increase in fen 

peat surface wetness (LeI zone k) starting from c. 2820 BP (2960 cal. BP). It is 

proposed that the initial rise in lake-level starting at around 2800 BP (2950 cal. BP) was 
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gradual with fen peat keeping pace with increasingly wet surface conditions, but that the 

deposition of lacustrine sediments at around 2400 BP (2350 cal. BP) suggests deeper 

water. The subsequent period of wetter fen surface conditions suggests that higher lake

levels were maintained until c. 2050 BP (2010 cal. BP) but that perhaps water depth was 

not great enough for the continued accumulation of lacustrine sediment. This period of 

higher lake-level ended abruptly with a potential fall in lake-level (LeI zone m) at c. 

2050-1840 (2010-1800 cal. BP). 

The fen peat surface wetness record also indicates further rises in lake-level 

independent of min erogenic sedimentation (Section 6.3.6, Table 7.3), recorded at 

between c. 5970-5550 BP (6860-6360 cal. BP) (LeI zone b), 4540-3960 BP (5150-4430 

cal. BP) (LeI zone e), c. 3860-3570 BP (4300-3940 cal. BP) (LeI zone g), and c. 1840-

1620 BP (1800-1580 cal. BP) (LeI zone n) (Table 7.3). These are events when fen 

surface wetness increased but when the inferred lake-level rise was insufficient to lead 

to the deposition of lacustrine sediment across the fen. This may have been governed 

by water-depth not being sufficient to over-top the fen peat or because fen peat 

accumulation kept pace with lake-level rise. Abrupt andlor short-lived periods of drier 

mire surface, possibly as a response to a fall in lake-level, are recorded after these 

gradual rises in lake-level at c. 3570-3350 BP (3940-3670 cal. BP) (LeI zone n) and c. 

1620-1260 BP (1580-1230 cal. BP) (LCI zone 0) (Table 7.3). There is only one 

prolonged period of drier mire surface, from c. 5550-4540 BP (6360-5150 cal. BP) (LeI 

zones c and d, Table 7.3), possibly as a response to a more prolonged period oflower 

lake-level. 

7.7 DEEP-WATER DEPOSITION OF COARSE MINEROGENIC SEDIMENTS 

(CORES LCXlI AND LCVII) 

This section will discuss depositional events recorded within deeper water sediment 

cores LCXII and LCVII. These events are recorded in sediment stratigraphically above 

the organic-rich sediments discussed in Section 7.4.2 and are recorded during a period 

of highly variable sediment loss-on-ignition and grain size. 
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Cores LCXII and LCVII are 15 m apart with core LCVII the deepest water core at the 

end of the transect (Figures 5.1,5.2). The minerogenic units deposited during these 

events have notably different sedimentological characteristics (outlined below) to the 

lacustrine minerogenic units discussed in Section 7.6.1 indicating a different energy and 

mode of deposition. In cores LCXII and LCVII sediment description (Sections 6.4.1, 

6.5.1) records a stratigraphic series of well defined, coarse grained sand bands up to 10 

cm thick, labelled events LCXII 4-7 and 9, 10 and LCVII 4-8. These units were further 

defined through loss-on-ignition, percentage water content (Sections 6.5.2, 6.6.2) and 

grain size analysis (Sections 6.5.3, 6.6.3). Within both cores the sediment sequence has 

a highly variable organic content (Sections 6.5.2, 6.6.2) and grain size (Sections 6.5.3, 

6.6.3) recording further minerogenic and coarse grain sedimentary events not identified 

through sediment description. The interpretation of these sediments, labelled as events 

LCXII 8, 11 and LCVII 9-12, is discussed in Section 7.7.2. 

7.7.1 COARSE MINEROGENIC EVENTS RECORDED THROUGH SEDIMENT 

DESCRIPTION (EVENTS LCXII 4-7, 9,10 AND LCVII 4-8). 

Events LCXII 4-6 and 9, 10 and LCVII 4-6,8 are described as thin « 2cm) well 

defined, sharp «lmm upper and lower boundaries), minerogenic «32% loss on 

ignition) very fine to fine sands (Sections 6.5.6, 6.6.5). LCXII 7 and LCVII 7 are 

described as thick (up to IOcm), well defined, sharp (upper and lower boundaries), 

highly minerogenic (0-<30% loss-on-ignition) graded sediments with coarsening up to 

well sorted medium sand and a subsequent fining up to a fine silt (Table 6.13, 6.18, 

Sections 6.5.3, 6.6.3). Particle size distribution data (Sections 6.5.3, 6.6.3) indicate 

predominantly coarser grain sizes and dissimilar grains size distribution curves to those 

of sediments deposited by lacustrine sedimentary processes in the same cores, 

suggesting a higher energy mode of deposition. The well-sorted particle size 

distribution of some of the sands (events LCXII 7 and LCVII 4-8) could indicate a 

period of sediment transport prior to deposition within the Loch Coulavie basin. The 

sediment grading within LCXII 7 and LCVU 7 suggests these minerogenic sediments 

could have been deposited under prolonged conditions of decreasing depositional 

energy or as single rapid sedimentary events into the lake with subsequent settling out 

of finer grains. 
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Comparable sedimentologies and depth indicate that events LCXII 4-7 and LCVII 4-7 

can be correlated across the basin between the cores (Figures 7.1, 7.2) and they are 

assumed to be synchronous. Event LCXII 4 and LCVII 4 occurred at 6205 ± 65 BP 

(7060 cal BP). However, the radiocarbon ages of the subsequent three stratigraphically 

discrete events (LCXII 5,6, 7 and LCVII 5,67) cannot be treated as significantly 

separate chronological events (Section 6.5.5). All that can be said is that between c. 

5120-4900 BP (5910-5610 cal. BP) there was a series ofminerogenic depositional 

events. Within core LCXII linear interpolation generated radiocarbon ages for events 

LCXII9 and 10 at c. 3700 BP (4250 cal. BP) and c. 2200 BP (2500 cal BP) respectively 

(Table 7.4). Within core LCVU linear interpolation, based on the correlated ages for 

events LCVIl 4-7, was also used to generate radiocarbon ages for further sedimentary 

events identified within that core (events LCVII 8-12; see section 7.7.2 for discussion of 

events LCVII 9-12) (Table 7.4). A radiocarbon age of c. 4350 BP (4980 cal. BP) was 

interpolated for event LCVII 8. 

A sediment fining direction between these cores (Figures 7.7-7.10) (see Section 7.6.1), 

cannot be demonstrated except for event LCXII 7 and LCVIl 7 where the coarsest units 

indicate a fining direction, with coarser sediments noted in LCXII, suggesting a possible 

sediment transport direction towards the centre of the basin (Figure 7.2). 
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Figure 7.7 Particle size distribution to indicate a sediment transport direction between correlated sand 
coarse bands events LCxn 7 (487-493 em) and LCVII 7 (525-531 em). NB sediments from LCxrr have 
no PIDS data (Section 5.3) . NB no 20' standard deviation curves are shown to ensure clarity of the data 
see text for further discussion. 
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Figure 7.8 Particle size distribution to indicate the sediment transport direction between correlated sand 
bands, events LCXII 6 (515 - 513 cm) and LCVIT 6 (548-546 cm). 20 Standard deviation fitted to the 
distribution curves (red - LCXII, green dashed -LCVIT) NB sediment from LCXII has no PIDS data 
(Section 5.3). 
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Figure 7.9 Particle size distribution to indicate the sediment transport direction correlated between sand, 
events LCXII 5 (539-541 cm) and LCVIT 5 (566-568 cm). 20 Standard deviation fitted to the distribution 
curves (red - LCXII, green dashed -LCVIT). NB sediment from LCXII has no PIDS data (Section 5.3). 
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Figure 7.10 Particle size distribution to indicate the sediment transport direction between correlated sand 
bands, events LC:xrr 4 (597-599 cm) and LCVII 4 (602-604 cm). 2cr Standard deviation fitted to the 
distribution curves (red - LCXII, green dashed -LCVIT). NB sediment from LCXII has no PIDS data 
(Section 5.3). 

Sediment analyses suggest that the coarse minerogenic units are external in origin to the 

lacustrine system. The events appear to interrupt 'normal' organic and minerogenic 

lacustrine sedimentation processes. Loss-on-ignition values within both cores (Sections 

6.5.2,6.6.2) indicate that events LCXII 4-7, 9, 10 and LCVU 4-8 interrupt quiescent 

lacustrine organic sedimentation, with a resumption of organic sedimentation after the 

events. Potential controls on lacustrine organic and minerogenic sedimentation are 

further discussed in Section 7.7.2. Within core LCXU the deposition of events LCXII 

4-7 increases sediment accumulation rates from 2.6 mmlyr to 8.2 mm/yr (Section 6.5 .5, 

Figure 6.32) indicating rapid sediment accumulation during these events. Grain size 

data for LCxrI are incomplete (Section 6.4.3); however, contiguous data from LCVIT 

(Section 6.6.3) suggest that long-tenn changes in grain size are occurring with both 

coarsening and fining-up sequences recorded (Table 6.18). Events LCVIr 4,5,6 and 8 

occur as abrupt coarser sediment pulses during more prolonged fluctuations in grain 

size with events recorded during coarsening-up sequences (events LCVII 4, 5) and 

during prolonged periods of no real grading within the sediment (events LCVU 6, 8) 

(Table 6.18). Events LCxrI 7 and LCVII 7 are recorded as gradual transitions in grain 

size with an initial coarsening-up sequence and subsequent fining-up sequence. In core 
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LCVII this graded sequence is recorded during a period with no overall sediment 

grading. 

Lake-level rises, fen Proposed lake- Significant Events Significant 
peat events level rises, coarse LCXlI coarse 

lacustrine minerogenic minerogenic 
sedimentary events in LCXII events in LCVII. 

events. 
c.1200 BP 11 

c.1840-1620 BP (1400 cal. BP) c.1750BP 
(1800-1580 cal. BP) (1800 cal. BP) 

c.2200 BP 10 
(2500 cal. BP) 

c.2820-2050 BP c.2410 BP c.2750 BP 
(2960-2010 cal. BP) (2360 cal. BP)* (3150 cal. BP) 

c.3350-3000 BP c.3060 BP c.3200 BP 
(3670-3200 cal. BP) (3300 cal. BP)* (3700 cal. BP) 

c.3860-3570 BP c.3700 BP 9 
(4300-3940 cal. BP) (4250 cal. BP) c.4100 BP 

(4700 cal. BP) 
c.4540-3960 BP c.4300 BP 8 c.4350 BP 

(5150-4430 cal. BP) (4900 cal. BP) (4980 cal. BP) 

c.5000 BP c.4900 7 c.4900 BP 
(5730 cal. BP)* (5610 cal. BP)* (5610 cal. BP)t 

c.4S50 BP 6 c.4850 BP 
(5595 cal. BP)* (5595 cal. BP)t 

c.5120 BP 5 c.5120 BP 
(5910 cal. BP)* (5910 cal. BP)t 

c. 5970-5550 BP 
(6860-6360 cal. BP) 

c.6280 BP c.6205 BP 4 c.6205 BP (7080 
(7215 cal. BP)* (7060 cal. BP)* cal. BP)t 

Events 
LCVU 

12 

II 

10 

9 

8 

7 

6 

5 

4 

Table 7.4 Radiocarbon and calibrated ages BP for proposed lake-level rises (lacustrine sedimentary 
events, Section 7.6.1 and fen peat events, Section 7.6.2) and coarse minerogenic events in cores LCXII 
and LCVII. • denotes ages obtained through radiocarbon assay, t denotes ages inferred through core 
correlation and the remaining ages are generated through interpolation within the core. 

Based on the above sedimentological and chronological data the following hypotheses 

for sediment sources and modes of deposition for coarse minerogenic sediment events 

LCXII 4-7, 9, 10 and LCVII 4-8 are proposed: 

1) erosion of marginal sediments during lake-level lowering and deposition of coarse 

minerogenic sediment out across the basin (cf Digerfeldt 1986; 1988, Section 3.3.2). 

Radiocarbon chronology suggests that these basal minerogenic sediment units were 

deposited during the accumulation of peat on the eastern and northern basin margins 

(Section 7.6). Thus a lowering oflake-Ievel at this time would expose sedge peats 
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and, if extensive lowering occurred, minerogenic sediments similar to those 

recorded in LCI and LCIV (Section 7.6.1), that is fine-grained organic-rich silts. 

Within the rest of the basin marginal sediment appears to be limited with bedrock 

noted at the present day along the western basin edge. Therefore marginal 

sediments are unlikely to be sources for coarse minerogenic sediment events and the 

hypothesis is not supported. 

2) allogenic sediment inputs through for example fluvial inputs and/or slope erosion 

from the Loch Coulavie catchment. The alluvial fans along the northern shore of 

Loch Coulavie (Figure 4.5) provide the most likely source of sediment supply 

within the catchment with sediment generated through reworking of the fan surface. 

An allogenic origin for these sediment units and deposition through fluvial 

processes is thought to be the most likely mode of deposition with fluvial processes; 

a) providing the substantial energy required to deposit these coarse sands out across 

the basin and to the two cores 15 metres apart; 

b) sorting the coarse and medium sand sediments during transport within the stream 

prior to deposition in the lake basin (as recorded within LCXII 7 and LCVII 4-7); 

c) generating the graded sedimentary sequence described in LCXII 7 and LCVII 7. 

Decreasing fluvial energy would account for the deposition of fine silts above the 

coarser sands. However, this type of sediment grading could have resulted from a 

single pulse of coarse sediment and subsequent settling out of finer sediment. 

These proposed fluvial sediment input events at c. 6205 BP (7060 cal. BP) and between 

c. 5120-4900 BP (5910-5610 cal. BP) coincide with proposed lake-level rises recorded 

within the peat stratigraphy at c. 6280 (7215 cal. BP), and c. 5000 BP (5730 cal. BP) 

(Section 7.6.1) (Table 7.4). Limitations of radiocarbon dating (Baillie 1991) mean that 

an exact event chronology for these two events, that is a lake-level rise and increased 

fluvial activity, cannot be defined. However, the synchroneity ofthese events could 

suggest that the increased fluvial activity at around 6205 BP (7060 cal. BP) and between 

c. 5120-4900 BP (5910-5610 cal. BP) occurred during periods of rising lake-level. 

Similarly events LCXII 9 and 10 and event LCVII 8 occur during lake-level rises as 

defined from the fen peat record (Section 7.5.2, Table 7.4) again suggesting a 

chronological correlation between these two events. Correlation with rising lake-levels 

and inferred periods of climatic change in conjunction with potential forcing 

mechanisms for these fluvial events is discussed in Section 9.3. 
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Rises in lake-level have been inferred from lacustrine sediment events (events LCI 6-9 

and LCIV 11, 13-15) recorded in marginal peats (Section 7.6.1). However, these fine

grained minerogenic sediments deposited out across the peat surface could also be as a 

result of fining sediment grain size with reduced depositional energy as fluvial 

sediments were transported across the basin. Whilst the role of fluvial sediment 

deposition within these lacustrine sediment units cannot be discounted it is thought that 

these units are more likely to be an effect rather than a cause of rises in lake-level 

because: 

1) during these fluvial input events (LCXII 4-7, 9, 10 and LCVII 4-7) fluvial sediments 

recorded at depths of between 483-599 cm in core LCXII and between 525 and 604 

cm in core LCVII would have to be transported approximately 200-250 cm 

vertically to be deposited across the peat surface at LCIV (Figure 7.2). 

2) within both cores LCI and LCIV minerogenic units recorded within the peat are 

sedimentologically similar to basal lacustrine sediments and not fluvial sediments. 

Such a significant similarity is unlikely to be coincidental. 

3) other proxy records within core LCI such as fen peat humification (Sections 6.3.4 

and 7.6.2) and pollen concentration data (Sections 6.3.8 and 7.6.2) indicate rises in 

lake-level which are synchronous with proposed rises in lake-level defined from the 

lacustrine minerogenic units. 

7.7.2 COARSE MINEROGENIC UNITS DEFINED FROM GRAIN SIZE 

ANALYSIS EVENTS LCXII 8, 11 AND LCVII 9-12. 

This section discusses events LCXII 8, 11 and LCVII 9-12, which are further coarse 

minerogenic events recorded by grain size analysis alone. Events LCXII 8 and 11 are 

recorded as significant reductions in loss-on-ignition (Section 6.4.2) but the 

identification of further coarse grain size events within this core is hampered owing to 

the incomplete grain size data set (Section 6.4.3). Particle size distribution data 

(Sections 6.5.3 and 6.6.3) suggest that coarse minerogenic sediments (events LCXII 8, 

11 and LCVII 9-12) share a common energy of deposition with sediments of proposed 

fluvial origin discussed above (events LCXII 4-7, 9, 10 and events LCVII 4-8). 

However, as discussed below, they may not share a common mode of deposition. 
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Coarse minerogenic events LCVU 9-12 do not correspond with significant reductions in 

loss-on-ignition (Section 6.6.2, Table 6.18). Significant reductions in loss-on-ignition 

defined from the highly variable record (above 441 cm) do not correspond to changes in 

grain size (Section 6.6.2, Table 6.18 and Section 6.6.3, Table 6.19). This would suggest 

that within the lacustrine system at core LCVU controls on organic and minerogenic 

lacustrine sedimentation may have altered after the deposition of events LCVII 4-7 

(Section 7.7.1). Significant reductions in loss-on-ignition are no longer controlled by 

external minerogenic inputs (such as events LCVII 4-7) but perhaps by internal controls 

on both organic and minerogenic sediment content. The sedimentological data 

available are limited and the degree of control these factors have on sediment 

composition cannot be further defined. However, changes in organic content could be 

responses to fluctuations in organic allogenic inputs, in particular from the 

accumulating sedge peat within the lake margins or blanket peat within the catchment, 

or autogenic lacustrine algal or diatom productivity. Fluctuations in algal and diatom 

populations could be in response to a range of environmental controls including water 

temperature or nutrient status. 

Contiguous grain size data from core LCVII suggest that events LCVU 9 and 11 occur 

as abrupt deposits of coarser sediment during prolonged and gradual fining-up 

sequences, with coarse events LCVII 10 and 12 a culmination of a prolonged 

coarsening-up sequence. This pattern suggests that events LCVU 9 and 11 may have a 

similar mode of deposition to events LCVII 4-7 (Section 7.6.1), that is fluvial sediment 

input, but that these events may not have been (a) of great enough magnitude to 

interrupt lacustrine organic sedimentation processes or (b) organic sedimentation 

processes had changed and were robust enough not be disturbed by external 

minerogenic input events. Events LCVII 10 and 12 occur as part of longer term 

changes in grain size and may have been deposited as part of an internal lacustrine 

minerogenic sedimentation process such as changing current velocity. 

In Table 7.4, using interpolated radiocarbon dates, event LCXII 8 can be correlated with 

event LCVU 8 (Section 7.6.1). These events may be chronologically correlated by 

virtue of deposition at a similar depth and sedimentologic ally they are comparable and 

thus can be assumed to be the same event. Section 7.6.2 defined a series of lacustrine 

lake-level rises (fen peat humification record) that may be of smaller magnitudes than 
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those defined from the series of lacustrine sedimentary events (Sections 7.6.2, 7.6.3). 

Events LCXII 8 and LCVII 9-12 correspond to periods of rising lake-level (Table 7.4). 

Thus events LCVII 10 and 12 are potentially a response internal to the lacustrine 

sedimentation process with forcing mechanisms linked to rising lake-level and climatic 

change, further discussed in Section 9.3. 

7.7.3 ONSET OF PEAT ACCUMULATION IN CORES LCXII AND LCVU 

In core LCXII interpolated radiocarbon age estimates suggest that peat (> 60 % loss-on

ignition, event LCXII 12) began to accumulate at around 560 BP (640 cal. BP) after a 

sustained rise in loss-on-ignition values, starting from around 1200 BP (1390 cal. BP) 

(Section 6.5.2). In the deeper water core LCVII detrital peat accumulation is marked by 

a more rapid transition from minerogenic «30% at 214 cm) to increasingly organic 

(60% at 198 cm) sediment at around 1340 BP (1530 cal. BP) (Section 6.6.2). Within 

both cores the organic content is variable. This suggests that although increased 

amounts of organic material were accumulating at these cores it is not as fen peat (as 

defined in Section 7.6). It is proposed that peat was accumulating under conditions 

similar to the present day (Section 4.6) with aquatic species established as a marsh in 

shallow water. Within these deeper water cores initial detrital peat accumulation could 

have been in response to: 

(1) increased organic sediment supply from fen peat accumulating at the basin margins. 

However, fen peat had been accumulating at the basin margins since around 7000 

BP (7800 cal. BP) and although there was an initial increase in organic content 

within cores LCXII and LCVII (events LCXII 3 and LCVII 3, Section 7.5.3), the 

accumulation of detrital peat in these deeper water cores as a response to the 

presence of fen peat is chronologically very late. 

(2) sediment infilling and a shallowing water depth. The gradual transition to 

increasingly organic content at core LCXII (Section 6.5.2) would suggest sediment 

infilling and associated hydroseral succession (Sections 3.4, 7.5). However, within 

core LCVU the transition is more rapid suggesting a lake-level lowering event. 

(3) shallow water through a lowering oflake-Ievel with the establishment of marsh 

vegetation and peat accumulation. The onset of increased organic content is 

synchronous across both cores between c. 1200-1340 BP (1390-1530 cal. BP); 

however, organic peat accumulation at core LCXII is delayed until 560 BP (642 cal. 
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BP). This suggests that lake-level lowering could have caused the initial response 

of an establishment of marsh and aquatic vegetation with the accumulation of 

organic matter but that the accumulation of peat was locally variable across these 

two cores. Fen humification data (Section 7.6.2) suggest that at around 1620-1260 

BP (1580-1230 cal. BP) there was a lowering oflake-Ievel coinciding with the onset 

of organic matter accumulation in the deeper water cores. 

It is difficult to define a single causal mechanism for the establishment of peat across 

cores LCXII and LCVII but it is thought that sediment infilling, perhaps after initial 

lowering oflake-Ievel could have led to the establishment of marsh vegetation and 

accumulation of increasingly organic sediment. As discussed above fen peat as defined 

in Section 7.6 has not been established at cores LCXII and LCVII. Rising lake-levels 

after the initial lowering event could have led to the persistence of permanently 

inundated marsh type vegetation. A period of increased minerogenic sedimentation is 

recorded at core LCXII (event LCXII 13) at around 380 BP (440 cal. BP) (Section 

6.5.2) with a subsequent resumption of peat accumulation. Grain size data (Section 

6.5.3) suggest that this unit, consisting of coarse silts (36%), very fine sands (30%) and 

fine sands (8%), is too coarse to have been deposited by predominantly lacustrine 

sedimentation processes. This minerogenic unit (LCXII 13) could have been deposited: 

(1) during a rise in lake-level with coarse sediment trapped in the marsh vegetation as 

the lake level rose up and over the marsh surface; 

(2) within a small hollow on the marsh surface; 

(3) during a localised minerogenic surface erosion or fluvial event. 

There is no similar loss-on-ignition or grain size event in LCVII to correlate with event 

LCXII 13 and it is difficult to define a mode of deposition. 

7.8 LACUSTRINE SEDIMENTARY EVENTS INTERPRETED AS 

FLUCTUATIONS IN LAKE-LEVEL. 

Sediment analysis (Chapter 6) and the interpretation of sedimentary events (Sections 

7.2-7.7) have highlighted the complexity of Holocene lacustrine sedimentation across 

the core transect within the Loch Coulavie basin, in particular the contrast between 
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deeper water and marginal sedimentation (Section 7.4). The methodological approach 

(Section 3.2) and the hypotheses testing carried out throughout the interpretation of the 

sedimentary record has generated a record of sedimentary events controlled by 

fluctuations in lake-level, inputs from the lake catchment and lacustrine processes such 

as organic productivity and current velocity. 

This section outlines the fluctuations in lake-level and by combining the record of 

changes in lake-level generated by several proxies, the relative magnitude of each lake

level event is defined. 

• c. 10000- 9400 BP (11 500- 10600 cal. BP). Organic sedimentation within the 

Loch Coulavie basin was delayed by around 600 radiocarbon years through a period 

oflower lake levels, possibly consisting of several lake-level lowering events 

(Section 7.3). 

• c. 9400-9000 BP (10 600-10 200 cal. BP). The onset of organic sedimentation 

started at around 9400 BP (10 600 cal. BP) in deeper parts of the basin. The near 

synchronous onset of organic sedimentation across the basin may indicate rising 

lake-levels generating and preserving organic-rich lacustrine sediments. 

• c. (9400-9000)-7000 BP «10 600-10 200)-7800 cal. BP). Within marginal cores 

this is a period of complex sedimentary events with localised basin margin and more 

dispersed sedimentation events with sediment derived from downslope reworking of 

lacustrine sediment (Section 7.4). These events appear to be taking place against a 

background of organic sedimentation and sediment focusing with changing current 

velocity. There is a period of limited marginal sediment disturbance (coherent 

slumping) which may have been in response to simple gravity-induced shear stress 

or basin-edge collapse. Evidence for marginal sediment reworking could have been 

induced by a lake-level lowering event at around 7550 BP (8480 cal. BP). Before 

this event there is little evidence for fluctuating lake-levels. This is confirmed by 

the deeper water sedimentary record with sediments indicating quiescent low-energy 

lacustrine conditions. This also suggests that any fluctuations in lake-level were not 

of great enough magnitude to affect deeper water sedimentation. 

• c. 7000 BP (7800 cal. BP). A fall in lake-level with the near synchronous 

establishment of fen peat at the marginal cores LCn, LCI and LCIV. 
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• c. 6840-6280 BP (7600-7200 cal BP). Fen peat surface wetness data indicate falling 

lake-levels. 

• c. 6280 BP (7200 cal. BP). A short-lived abrupt rise in lake-level of relatively high 

magnitude with the deposition of lacustrine sediment across the marginal fen peat 

surface. Coincident with this rise in lake-level is the deposition in deeper water of 

coarse minerogenic fluvial sediment. 

• c. 6280-5970 BP (7200-6860 cal. BP). The fen peat surface wetness record suggests 

that lake-levels continue to fall. 

• c. 5970-5550 BP (6860-6360 cal. BP). Fen peat surface wetness data indicate 

gradually rising lake-levels with the rise in lake-level of relatively low magnitude. 

• c. 5550-5000 BP (6360-5730 cal. BP). Fen peat surface wetness data indicate 

period of falling lake-levels, with a sustained period oflow lake-level starting from 

around 5360 BP (6140 cal. BP). 

• c. 5000 BP (5730 cal. BP). A short lived abrupt rise in lake-level of relatively high 

magnitude with the deposition of lacustrine sediment across the marginal fen peat 

surface. Coincident with this rise in lake-level is the deposition in deeper water of a 

series of coarse minerogenic fluvial sediments. 

• c. 5000-4540 BP (5730-5150 cal. BP). Fen peat surface wetness data indicate a 

prolonged period oflow lake-levels. 

• c. 4540-3960 BP (5150-4430 cal. BP). Fen peat surface wetness data indicate a 

prolonged period of gradually rising lake-levels, with a rise in lake-level of 

relatively low magnitude. During this period of rising lake-level a fluvial 

sedimentary event occurs in deeper water. 

• c. 3960-3860 BP (4430-4300 cal. BP). Fen peat surface wetness data suggest an 

abrupt short lived fall in lake-level. 

• c. 3860-3570 BP (4300-3940 cal. BP). Fen peat surface wetness data indicate a 

prolonged period of gradually rising lake-levels, with a rise in lake-level of 

relatively low magnitude. During this period of rising lake-level a fluvial 

sedimentary event occurs in deeper water. 

• c. 3570-3350 BP (3940-3670 cal. BP). Fen peat surface wetness data suggest an 

abrupt short-lived fall in lake-level. 

• c. 3350-3000 BP (3670-3200 cal. BP). Fen peat surface wetness data suggest a 

period of gradually rising lake-levels. This gradual rise in lake level is of a 
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relatively high magnitude and sustained long enough to deposit lacustrine sediment 

across the marginal fen peat surface at c. 3060 BP (3300 cal. BP). During this 

period of rising lake-level a fluvial sedimentary event occurs in deep water. 

• c. 3000-2820 BP (3200-2960 cal. BP). Fen peat surface wetness data suggest an 

abrupt short lived fall in lake-level. 

• c. 2820-2050 BP (2960-2010 cal. BP). Fen peat surface wetness data suggest a 

period of gradually rising lake-levels followed by a period of sustained higher lake

level. This rise in lake-level is of a high magnitude and is sustained as suggested by 

the prolonged period of fen surface wetness and the deposition of lacustrine 

sediment across the fen peat surface at c. 2410 BP (2360 cal. BP). During the 

period of rising lake-level a fluvial sedimentary event occurs in deeper water. 

• c. 2050-1840 BP (2010-1800 cal. BP). Fen peat surface wetness data suggest an 

abrupt short-lived fall in lake-level. 

• c. 1840-1620 BP (1800-1580 cal. BP). Fen peat surface wetness data indicate a 

short-lived period of gradually rising lake-levels, with a rise in lake-level of 

relatively low magnitude. During this period of rising lake-level a fluvial 

sedimentary event occurs in deeper water. 

• c. 1620-1260 BP (1580-1230 cal. BP). Fen peat surface wetness data suggest an 

abrupt fall in lake-level. This fall in lake-level coincides with the onset of organic 

material and peat accumulation within the deeper water cores. 

• c. 380 BP (440 BP). There is limited evidence for the interruption of peat 

accumulation within the deeper water cores with the deposition of min erogenic 

sediment. This could be in response to rising lake-levels but the mode of deposition 

for this sediment is far from secure. 

Site selection (Sections 3.1 and Chapter 4) has ensured that at Loch Coulavie 

fluctuations in lake-level represent climatically controlled changes in water depth. 

Section 3.2.2 (e) outlined the complex interaction between vegetation cover and lake

catchment processes, with vegetation cover a key non-climatic control on catchment 

hydrology. A high-resolution palynological record of vegetation dynamics within the 

catchment was proposed as a method to test the record of changes in catchment 

hydrology and fluctuations in lake-level, for the non-climatic control of vegetation 

cover. A high-resolution palynological record of Holocene vegetation change from a 
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site, Torran Beithe, within the Loch Coulavie area (Section 4.7, Figure 4.5) suggests 

few abrupt changes in vegetation cover with vegetation dynamics dominated by gradual 

changes in woodland cover (Section 4.7, Table 4.1; Davies 1999). There is an abrupt 

and rapid decline in Pinus sylvestris at c. 3765 BP (4110 cal. BP). However, this 

decline in Pinus sylvestris was accompanied by an increase in other woodland species, 

and thus there was limited change in woodland cover within the catchment. From c. 

3600 BP (3900 cal. BP) Pinus sylvestris gradually declined and is associated with 

spread of blanket peat. The timing of the abrupt reduction in Pinus sylvestris is 

coincident with a rise in lake-level between c. 3860-3570 BP (4300-3940 cal. BP) and 

would suggest that the reduction in pine may have been climatically forced. However, 

what the palynological record indicates is that there appears to have been no vegetation 

control on hydrology within the catchment and that the record of fluctuations in lake

level is essentially climatically controlled. This record of climatically controlled lake

level fluctuations is used in Chapter 9 to define Holocene climate change. 
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PART 3 OMBROTROPHIC MIRE STRATIGRAPHY 

CHAPTER 8 

OMBROTROPHIC MIRE STRATIGRAPHY 

8.1 INTRODUCTION 

Section 1.6.2 reviewed the development and application of peat decomposition 

(humification) variations within ombrotrophic mires as a proxy indicator of mire surface 

wetness. In Sections 3.4.2,5.4 and 7.6 changes in humification and associated changes 

in mire surface wetness were discussed with reference to fen peats and climatically 

controlled fluctuations in lake-level. This chapter will examine the application of 

humification analysis as a proxy for climatically controlled changes in mire surface 

wetness from a series of ombrotrophic blanket mires in Glen Affric. Mire surface 

wetness is a measure of the amount of effective precipitation reflecting both 

temperature and precipitation controls. Through the comparison of effective 

precipitation records generated from a west-east transect of sensitive ombrotrophic mire 

sites, Holocene climate change in terms of temperature and/or precipitation shifts 

(Section 1.7) are further defined. 

This introductory section reviews site selection processes and the methodological 

approach. Sections 8.2 to 8.5 discuss sample site selection, humification analysis and 

data interpretation on an individual site basis. Section 8.7 integrates proposed climatic 

data from all the sites. A final integration with the precipitation record generated from 

Loch Coulavie (Chapter 7) is provided in Chapter 9. 

8.1.1 SITE SELECTION 

Site selection criteria ensured that variations in peat humification from blanket mire 

sites were sensitive to climatically controlled changes in the mire surface wetness. Site 

selection criteria, in part outlined by Blackford (1990, 1993), are 

242 



1) hydrological isolation: ensures that sites only receive water in the fonn of effective 

precipitation and not from a catchment providing through or surface-flow water. 

2) a convex water-shedding mire: ensures that received water constantly moves 

through the peat, does not collect and pond on the mire surface. 

3) non-climatic controls on the mire surface wetness such as vegetation change: 

blanket mires are considered particularly susceptible to anthropogenic vegetation 

removal and alteration of mire surface drainage. Palynological analysis would 

suggest that within Glen Affric, areas with extensive blanket peat cover had limited 

anthropogenic influence with increased impact limited to the last 500 years (Davies 

1999; Section 4.7.2). 

4) Increased effective precipitation at higher altitudes (>500 m) (Section 2.5) could 

generate a climatically insensitive humification record with potentially no 

fluctuations in the water table controlling the degree of surface peat decomposition 

(Blackford 1993). To control for the influence of altitude on effective precipitation 

all sites selected were between 250-380 mOD. 

Extensive field survey of the glen identified four ombrotrophic mire sites along a west

east axis (Figure 8.1). These sites are isolated bedrock knolls located away from the 

valley sides, demonstrably hydrologically isolated. At each site a grid of survey points 

(approximately 20m by 20 m) was laid out and detailed topographic survey carried out 

to map surface contours, peat thickness and bedrock contours. Peat depths and changes 

in peat stratigraphy were established using a 1 metre Eijkelkamp gouge corer. From the 

contour maps generated (Figures 8.4, 8.11, 8.17, 8.23) the true ombrotrophic point 

within the mire was identified as well as areas of water-shedding peat along convex 

bedrock contours. Peat thickness at the true ombrotrophic point within the mire is often 

very shallow, c. 1 m or less (cf Blackford 1990; Blackford and Chambers 1991; 

Chambers et al. 1997). Such a shallow depth of peat would generate resolution 

problems within the humification record (Section 8.1.3) and peat on the convex slope 

below the true ombrotrophic point ofthe mire where peat thickness was greater but also 

climatically sensitive (Blackford 1990) was sampled. Detailed site descriptions, 

hydrological inputs, the rationale for sampling site location and sampling methods are 

discussed for each site (Sections 8.2-8.5). 
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8.1.2 METHODOLOGICAL APPROACH. 

The methodological approach outlined below concerns the humification analysis of peat 

sampled from all four blanket mire sites. Humification analysis on peat was carried out 

at a 2.0 cm contiguous sampling interval using the alkali extraction and colorimetric 

determination method outlined in Section 5.4.1. Shifts in peat humification were 

interpreted from the percentage light transmission record. Highly humified peats are 

indicated by lower percentage transmission values and an increase in the percentage 

light transmission value indicates a decrease in peat humification. 

In Section 5.4 non-climatic controls on the percentage light transmission data (degree of 

humification) were discussed; these controls also influence the ombrotrophic blanket 

mire peat record through: 

1) Vegetation change: Blackford and Chambers (1993) indicate that vegetation type 

will to some degree control the degree ofhumification through differential decay 

rates. Thus although the mire surface vegetation may be responding to climatically 

forced changes in the surface wetness this could act as a non-climatic control on the 

degree of humification. Within raised mire systems the changes in surface 

vegetation determined through macrofossil analysis are used to define the 

humification record in terms of climatically controlled and vegetation controlled 

shifts in humification (Mauquoy 1997; Barber and Mauquoy 1999b). Within 

blanket mire systems, however, macrofossil preservation is often poor and thus 

microfossil pollen analysis is used to determine the surface vegetation type 

(Chambers et al. 1997; Tipping 1995b, 1999). The interpretation of pollen data 

from such ombrotrophic mire sites is difficult with a regional pollen source 

complicating the interpretation of essentially very local vegetation changes. 

Taxonomic discrimination and quantitative variations of blanket mire species within 

pollen analysis is poor when compared to macrofossil analysis, thus inferences on 

the changes in abundance of many mire plant species cannot be made. However, 

based on pollen analysis, Chambers et al. (1997) argued that local changes in 

blanket mire vegetation appear not to be a major control on the degree of 

humification, with this value responding instead to an external forcing mechanism 

such as climate. 
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2) Minerogenic content of peats: Blackford and Chambers (1993) and Chambers 

(1984) show that a high minerogenic content of peat will affect the percentage light 

transmission value. Section 5.4.1 outlined how the peat humification record needs 

to be interpreted alongside a record of minerogenic content (loss-on-ignition 

analysis, Section 5.2.4). Within blanket mire systems this is important as many 

blanket mires develop over thin minerogenic soils (ef Anderson 1998, Chambers et 

al. 1997), thus basal values of percentage light transmission may be inaccurate. The 

hydrological isolation of climatically sensitive sites investigated within Glen Annc 

ensures that minerogenic sediment from catchment generated erosion and in

washing is non-existent. Potential minerogenic sediments within the peat profiles 

were identified by Troels-Smith sediment description and if found, the minerogenic 

content was determined by loss-on-ignition analysis. 

8.1.3 DATA ANALYSIS 

Significant humification shifts. 

Analysis of the percentage light transmission record generated from ombrotrophic 

blanket mires as a series of significant shifts in humification followed the approach 

outlined in Section 5.4.1. Within the humification record a mean humification value to 

10" SD was calculated for values within the peat profile considered to represent a 

climatically sensitive record. Significant shifts are defined as excursions outside the 10" 

range. The beginning of a shift in humification is defined as the point at which 

percentage light transmission values start either to increase or decrease. Within the peat 

humification profile the definition of climatically sensitive data is discussed in the 

following section. 

The acrotelm-catotelm problem. 

The degree of peat decomposition is controlled by the amount of time plant material 

spends in the acrotelm (Section 5.4; Clymo 1984). Thus peat within the present-day 

acrotelm will not be as humified as peat within the catotelm simply because the peat is 

still 'moving' through the peat profile. Anderson (1995, 1998) records a rapid increase 

in percentage light transmission data within a blanket peat profile from around 25 cm to 

the peat surface and suggests this is caused by the catotelmlacrotelm transition. 

Although Anderson indicates that this transition within the peat profile may have 

246 



influenced the humification data it is difficult to ascertain ifhe subsequently removed 

the data from further analysis. However, within the humification data of other 

published blanket peat profiles (Blackford and Chambers 1995; Chambers et al. 1997; 

Tipping 1995b) no account is taken of the role of this structural control on near-surface 

humification data. Thus before any interpretation of near surface changes in 

humification as shifts in surface wetness, the acrotelmlcatotelm transition within the 

peat profile needs to be defined and data from the acrotelm discarded from further 

analysis. 

The acrotelm is described as open structured peat with a low bulk density (0.03 g cm3
) 

and a high hydraulic conductivity, with abundant oxygen and aerobic decay the 

dominant process (Clymo 1992). Visually the acrotelm consists of more fibrous peat, 

containing obvious plant structures such as roots and stems. The transition to the 

catotelm results in a less open macroscopic structure which decreases as the loading 

from material above increases, until all macroscopic structure has disappeared and the 

catotelm is reached. The catotelm has a higher bulk density (0.12 g cm3
) with a much 

reduced hydraulic conductivity and the peat is almost impermeable (Clymo 1992). 

Visually the catotelm consists of dark brown well decomposed compact peat. 

Within raised mires the transition from acrotelm to catotelm may be well-defined by 

changes in bulk density and the acrotelm, once established, remains at an approximate 

constant thickness of between 10-50 cm (Clymo 1992; Ingram 1987). However, within 

many blanket mire systems the transition between the acrotelm and catotelm may not be 

so distinctive. In Section 5.2.4 the problems of obtaining an accurate and precise bulk 

density value from fibrous peat, such as found across the acrotelmlcatotelm transition, 

were discussed. For each of the peat profiles analysed (Sections 8.2-8.5) visual and 

stratigraphic evidence for the acrotelmlcatotelm transition is discussed with reference to 

the percentage light transmission data. 

Decay with depth. 

Further analysis of the peat humification record involves the identification of a possible 

increase in decay (humification) with depth. Clymo (1984, 1991) proposed that within 

the catotelm peat decay continues but at a much slower rate than in the acrotelm. 

Within longer peat profiles (greater than 3m), (ef Anderson 1995, 1998; Mauquoy 

247 



1997), and within shallower peats (1-1.5 m deep) (ef Blackford and Chambers 1995; 

Chambers et al. 1997), this decay at depth is apparent as a long-term increase in the 

degree ofhumification with depth. Within these peat profiles the percentage 

transmission data were corrected (de-trended) to remove this apparent increase in 

humification with depth, as outlined in Section 5.4.2. However, this decay at depth 

trend is not recorded within all peat profiles (ef Blackford and Chambers 1991; 

Mauquoy and Barber 1999a; Tipping I 995b) indicating that percentage light 

transmission data from each individual peat profile needs to be examined before any 

correction for decay at depth is made. The trend of increased decay at depth may be 

enhanced by the inclusion of very poorly humified peat near the top of the profile, 

within the acrotelmlcatotelm boundary, discussed above. For each of the peat profiles 

analysed (Sections 8.2-8.5) an assessment of potential decay at depth is made (Section 

5.4.2) using percentage light transmission values from peat within the catotelm only. 

8.1.4 CHRONOLOGICAL FRAMEWORK 

Within all four peat profiles a chronological framework was determined through 

radiocarbon AMS ages (Section 5.6). Radiocarbon assays were obtained from peat 

representing 

1) the onset of peat accumulation at the site; 

2) significant shifts in humification. Peat sub-samples were taken at depths were the 

humification data indicated a turning point to either increased or decreased 

humification within the data. 

Sub-sampling, laboratory procedures and data presentation are identical to those 

outlined in Section 5.6. 

8.2 BLANKET PEAT I (BPI) 

8.2.1 SITE DESCRIPTION 

BPI lies c. 0.25km south-west of the head of Loch Affric (Figures 8.1, 8.2), at 250 m 

00, NGR NH135210 and latitude 57° 15' N, longitude 5° 05.5'W. The blanket peat 

lies on top of a Moinian mica schist, rouche moutonnee with an exposed section along 
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the northern edge (Figure 8.3). The vegetation cover across the mire surface consists of 

species-poor damp acid blanket peat vegetation, predominantly Calluna vulgaris and 

Poaceae with other taxa such as Eriophorum angustifolium, Potentilla erecta and 

Sphagnum sp. 

BPI surface contour, peat thickness and bedrock contour maps (Figure 8.4) indicate that 

the true ombrotrophic site, A, has a peat thickness of 0.9 m but down slope towards the 

exposed section peat thickness increases, to greater than 2 m, with bedrock contours 

suggesting a convex slope. The exposed section was sampled as here peat thickness 

suggests problems of resolution within the data set would be reduced and that water 

would have always moved through the peat. 

The exposed surface was cleaned and sampled using 50.0 x 15.0 x 15.0 cm monolith 

tins. In the field the peat was noted to have developed directly over bedrock with only a 

thin veneer of sands, possibly fluvio-glacial in origin, over the bedrock surface. The 

monolith tins were labelled, wrapped and once in the laboratory, stored in the dark at 

4°C. 

8.2.2 SEDIMENT DESCRIPTION 

Sediment stratigraphy recorded in the field was further defined in the laboratory under 

fluorescent lighting using the Troels-Smith notation scheme (Section 5.2.1) (Table 8.1). 

The peat stratigraphy suggests the peat becomes more amorphous and increasingly 

humified towards the base of the sequence with woody fragments and scattered grains 

of mica throughout. The peat appears increasingly minerogenic at the base with a 

concentration of woody fragments just above this mineral-rich peat. 
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Crown Copyright 

Figure 8.2 Location map for ombrotrophic blanket mire site 
BPl. Pollen analysis site Torran Beithe is marked as TB. 
Map redrawn from Ordnanace Survey 1:10000 series. 
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Figure 8.3 Photograph of ombrotrophic blanket mire site BPI (arrowed), looking south-west towards the site-a low bedrock knoll 
above Loch na Camaig (see Figures 8.1 , 8.2) 
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Depth (cm) 

0-5 
5-35 
35-80 

80-215 

215-217 
217-219 
219-220 

BPI 
Sediment description 

Fresh peat; 11h4. 
Pale brown fibrous poorly humified peat living roots present; 11h2, Th2. 
Brown peat, becoming less fibrous and more humified, possible pine tree roots noted at 
80cm; 11hl, Thl, Sh2, Dll. 
Increasingly humified and dark brown amorphous peat. In the field distinctive colour 
change at I04cm to darker peat beneath. Large fragments of wood possibly pine noted at 
I 13cm, 139-14Icm, 152cm and 177cm; Sh3, Dll, Th+. 
Organic rich sands; Sh3, Gal 
Woody fragments in organic rich sands; Dl2, Shl, Gal 
Sands lying on bedrock; Gmin4. 

Table 8.1 Blanket peat site I (BP I) sediment description using a modified version of Troels-Smith 
notation (Section 5.2.1). 

8.2.3 SEDIMENT ANALYSIS 

Bulk density, water content and loss-on-ignition analyses as outlined in Section 5.2.4 

were carried out. The results of these analyses (Figure 8.5 (a),(b)and (c)) would further 

define the acrotelmJcatotelm boundary, the transition from basal minerogenic to fully 

organic peat accumulation and any minerogenic inwashing during peat accumulation 

Bulk density values (Figure 8.5a) show some variability but unlike data obtained by 

elymo (1992), discussed in Section 8.1.3, there is no marked transition between a 

higher bulk density value associated with the catotelm to a lower value within the 

acrotelm. Section 5.2.4 outlined difficulties in obtaining precise and accurate bulk 

density values and in particular during sampling of fibrous peat, and it is suggested that 

for this site the bulk density values are inaccurate. Therefore during the interpretation 

ofhumification data from BPI the acrotelmJcatotelm transition is defined using 

sediment description. Percentage loss-on-ignition and percentage water content 

analyses, Figure 8.5b, c, suggest an initial rapid transition from a more minerogenic peat 

at 216 em to an organic peat with >90% loss-on-ignition and little subsequent variation 

in organic content. 
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8.2.4 HUMIFICATION ANALYSIS 

Loss-on-ignition analysis (Figure 8.5c) indicated that within the peat profile basal 

sediments (216-214 cm) were more minerogenic; therefore this peat was not included in 

humification analysis (Section 8.1.2). 

The percentage light transmission values are shown plotted against depth (Figure 8.6a). 

Above 41 cm there is an abrupt and sustained rise in percentage light transmission 

values with the accumulation of very poorly humified peat, possibly the 

catotelmlacrotelm boundary (Section 8.1.3). Sediment description suggests that the 

acrotelmlcatotelm transition could lie at around 35 cm, marked by the transition from 

pale brown poorly humified peat to darker brown increasingly amorphous and more 

humified peat. The percentage light transmission values between 5-35 cm were 

removed and the remaining values tested for decay at depth as outlined in Section 5.4. 

An exponential regression was fitted to the data set (Figure 8.6b), suggesting increased 

decay with depth. To allow for direct comparisons with other peat profiles the 

percentage light transmission values from BPI were not detrended (Sections 8.1.3, 5.4). 

However, during data interpretation this trend of increased decay at depth within the 

peat profile was taken into account (cf Chambers et al. 1997). 

The mean percentage transmission value for values within the catotelm (as defined 

above) was calculated to 10' SD (n=91; 25.8 ±7.l), with significant and non-significant 

shifts defined as outlined in Section 8.1.3. These shifts are detailed in Table 8.2. 

The top 35 em, assumed to be within the present-day acrotelm, is as expected generally 

very poorly humified. Between 18-14 cm there is a minor reduction in percentage light 

transmission values suggesting more humified peat (Figure 8.6a). This more humified 

peat has accumulated within the present-day acrotelm where the degree ofhumification 

is controlled by the amount oftime spent within the acrotelm. Thus any increase in 

humification could represent an important shift to decreased mire surface wetness. 
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Figure 8.6 BPI (a) raw percentage light transmission data for the entire peat profile (5-213 em), (b) 
percentage light transmission values for catotelm only (35-213 cm) with exponential regression fitted (see 
text). 
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Depth 
(cm) 
42-35 

80-42 

104-80 

116-104 

124-116 

129-124 

137-129 

150-137 

167-150 

179-167 

208-179 

213-208 

Zone Humification 

A sustained rise in percentage transmission values with a significant shift to more 
poorly humified peat. 

k A marked transition but not significant shift at 80 cm to lower percentage 
transmission values with a period of fluctuating percentage transmission values. No 
significant shifts are recorded but notable increases in humification occur at 60 cm 
and with a decrease at 54 cm 

j 

h 

g 

f 

e 

d 

c 

b 

a 

After an initial abrupt shift to higher percentage light transmission values at 104 cm 
there is a period of higher but still variable values, with significant shifts recorded at 
100cm and 88 cm, suggesting a period of poorly humified peat.. 
A period of lower but highly fluctuating percentage light transmission values. No 
significant shifts are recorded but notable shifts to increased humification occur at 
114 cm and 104 cm, and at 108 cm a marked shift to poorly humified peat occurs. 
A reduction in percentage light transmission values indicating an increase in 
humification .. 
Abrupt significant shift to higher percentage light transmission values and a decrease 
in peat humification. 
An abrupt reduction in percentage light transmission values indicating a period of 
increasingly humified peat 
A marked shift to significantly higher percentage transmission values indicating a 
decrease in peat humification 
A return to increasingly humified peat with significant decreases in percentage 
transmission values between 167-156 cm. 
A period of increased percentage transmission values, decrease in humification 
within the more sustained period of increased humification. 
Percentage transmission values suggest a period of sustained increased humification 
with some minor fluctuations, significant increases in peat humification are recorded 
at 202cm and 192 cm. 
A steady fall in percentage transmission values suggests an increase in the degree of 
humification. 

Table 8.2 Blanket Peat 1 (BP 1): description of shifts in percentage light transmission (humification), as 
defined from Figure 8.7. NB the sampling interval is 2.0 cm. 

8.2.6 CHRONOLOGY 

A chronological framework was established based on a series of AMS radiocarbon 

dates (Section 5.6). Radiocarbon assays were obtained from peat representing the start 

of peat accumulation at the site and then within the remaining profile from peat 

representing marked and significant transitions within the humification record. The 

results of these radiocarbon assays are shown in Table 8.3 and Figure 8.8. 

The age-depth curve (Figure 8.8) and Table 8.3 suggest that the radiocarbon dates 

obtained present a conformable sequence, in the correct stratigraphic order. These ages 

are therefore accepted as representative of a chronology ofhumification events within 

the peat stratigraphy and used in the age interpolation of further events (Section 8.2.6). 
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Laboratory Depth C content Conventional Calibrated age Calibrated age 
reference (cm) (% by Radiocarbon age (yrs range to 10- (yrs. range to 20-

wt) BP ±lo-) BP) (yrs. BP). 
AA34240 38 61.6 1080 ± 45 1053 -934 1064 - 926 

AA34239 80 62.3 2060 ±55 2112 - 1949 2148 - 1896 

AA34238 150 63 5270 ±SS 6171-5936 6197 - 5916 

AA3237 214 27.3 9055 ±65 10239 - 10 187 10 377 - 9925 

Table 8.3 Blanket Peat 1 AMS radiocarbon assays, radiocarbon and calibrated years BP. 

The age-depth curve also indicates that within BPl peat accumulation rates have been 

relatively constant between 0.17-0.22 mmJyear for much of the profile. There is a slight 

increase near the top of the sequence with an accumulation rates increasing to 0.43 

mmJyear and 0.35 mmlyear from c. 2060 BP (2000 cal. BP) to the present day. 
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Figure 8.8 Blanket Peat 1 (BPI): Age-depth curve, error values are plotted at ± 20- (Table 8.3). Peat 
accumulation rates are in mm per radiocarbon year. 

8.2.6 DATA INTERPRETATION 

Shifts in humification as defined from Figure 8.7 and described in Table 8.2 are 

interpreted in the following section as shifts in mire surface wetness (Section 1.6.2). 
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Highly humified peat (low percentage light transmission values) represents 

accumulation during periods of drier mire surface and poorly humified peat (high 

percentage light transmission values) represents accumulation during periods of wetter 

mire surface. The radiocarbon chronology obtained for the peat profile (Table 8.3) was 

used to interpolate ages for the following data interpretation: as with all interpolated 

radiocarbon ages there is an error of ± 100-150 years. Peat inception at BP 1 is further 

discussed in Section 8.6.1. 

• c. 9055-8760 BP (10 220-9990 cal. BP) (Zone a). An initial period of increased 

surface wetness but the accumulation of increasingly humified peat suggests that 

mire surfaces were becoming drier. 

• c. 8760-5270 BP (9990-5990 cal. BP) (Zones b, c, d). A sustained period of a dry 

mire surface during which several significant shifts to a drier mire surface are 

recorded at around 8350 BP (9430 cal. BP), and 7750 BP (8770 cal. BP), and 

between c. 6280-5270 BP (7110-5990 cal. BP) (Zone d). During this period of drier 

mire surface there is an abrupt and minor increase in surface wetness (Zone c) 

between c. 6990-6280 BP (7900-7110 cal. BP). This period of a drier mire surface 

may in part be an artefact of increased decay (more humified peat) at depth. 

• c. 5270-4670 BP (5990-5250 cal. BP) (Zone e). A sustained transition from a 

significantly drier peat surface to a significantly wetter peat surface. 

• c. 4670-4300 BP (5250-4800 cal. BP) (Zone f). A short lived abrupt shift to a drier 

mire surface. 

• c. 4300-4080 BP (4800-4500 cal. BP) (Zone g). An abrupt shift to a significantly 

wetter mire surface. 

• c. 4080-3710 BP (4500-4050 cal. BP) (Zone h). An abrupt shift to a drier mire 

surface. 

• c. 3710-3160 BP (4050-3370 cal. BP) (Zone i). A period of drier mire surface with 

one non-significant shift to a wetter mire surface at c. 3340 BP (3600 cal. BP). 

• c. 3160-2060 BP (3370-2000 cal. BP) (Zonej). An initial abrupt shift to 

significantly increased surface wetness with a period overall of a much wetter mire 

surface, with a significantly wetter surface at around 3000 BP (3140 cal. BP) and 

2400 BP (2450 cal. BP). 
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• c. 2060-1170 BP (2000-1070 cal. BP) (Zone k). A period of drier mire surface 

during which there are several non-significant minor shifts in mire surface wetness 

recorded. At c. 1590 BP (1500 cal. BP) there is a shift to a drier mire surface 

followed by an abrupt shift to a wetter mire surface at c. 1455 BP (1360 cal. BP). 

This period of a drier mire surface is not defined by significant shifts to increased 

humification (Section 8.2.5, Table 8.2). However, the abrupt transitions at c. 2060 

BP (2000 cal. BP) and at c.1170 BP (1070 cal. BP) from significantly wetter periods 

would suggest that the mire surface during this period is drier. 

• c. 1170 (1070 cal. BP) (Zone I). A shift to an increasingly wet mire surface with a 

significant increase in mire surface wetness by c. 1080 BP (970 cal. BP). As 

discussed in Section 8.1.3 this final transition to an increasingly wet mire surface 

may be in part due to the acrotelmlcatotelm transition. During data analysis the 

definition of this transition was made from the peat stratigraphy alone and could 

represent a relatively imprecise method of defining the actual boundary. 

The potentially important shift to more humified peat indicating a drier mire surface 

noted to occur within the acrotelm (Section 8.2.5) is dated around 430 BP (380 cal. BP). 

8.3 BLANKET PEAT 2 (BP2) 

8.3.1 SITE DESCRIPTION 

The site, BP2, lies c. 1.Skm south-west of the head of Loch Affric and c. 1.25 km west 

of BPI , (Figure 8.1) at 260 mOD, NGR NH 122207, Longitude 5° 6.5'W and Latitude 

57° 15' N. The blanket peat at BP2 has accumulated on top of a Moinian mica schist 

knoll (Figures 8.9, 8.10). Present-day vegetation cover is similar to BPI (Section 8.2.1) 

with predominantly species-poor damp acid blanket peat vegetation. Pine stump 

macrofossils were noted in eroded peat sections on the slopes of the bedrock knoll. The 

bedrock contour map (Section 8.1.1; Figure 8.11) indicates the presence of a small basin 

on top of the knoll infilled with peat and a thin basal sequence of silts and sands within 

which water will collect. Thus to ensure a climatically sensitive site for humification 

analysis the sampling site (Figure 8.11) is located at the margin of this basin where 

water would have always moved through the peat. 
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The site was sampled using a 50.0 cm 12.0 cm internal diameter Russian corer. Cores 

were taken with 20 cm overlaps, wrapped and labelled and once in the laboratory stored 

in the dark at 4°C. The top highly fibrous 20 cm ofthe peat sequence could not be 

sampled with the corer and was subsequently dug out as a separate square block (c. 

15cm x 15 cm) of peat. This block was also wrapped and stored in the dark at 4°C. 

8.3.2 SEDIMENT DESCRIPTION 

At the sample site, survey sampling with the gouge corer indicated peat to a depth of c. 

211 cm with peat becoming increasingly minerogenic with minerogenic grey silts and 

sands at the base, 211-239cm. During sampling a sediment depth of 200cm was 

sampled. The highly minerogenic and compact nature of the basal sediments and the 

13.0 cm nose cone of the Russian corer prevented the basal contact between peat-rich 

sediments and grey silts and sands from being sampled. Sediment stratigraphy recorded 

in the field was further defined under laboratory conditions using the Troels-Smith 

notation scheme (Section 5.2.1) in Table 8.4. Sediment description suggests that 

towards the base of the profile peat becomes increasingly minerogenic indicating that 

the start of peat inception at the site was sampled. The sediment description indicated 

several visual changes in peat humification and the presence of large woody fragments, 

possibly pine, at several points throughout the peat stratigraphy. 

Depth (cm) 

1-5 
5-31 

31-60 
60-90 

90-140 

140-183 

183-189 
189-197 
197-200 

BP2 
Sediment Description 

Fresh peat; Th4 
Brown fibrous peat poorly humified; Th4 
Darker brown peat becoming more humified, living roots noted to 60 cm Thl Thl Sh2 
Dark brown peat humified but with vegetation fragments still visible; Dh3 Shl 
Dark brown peat becoming more humified; Dhl-2 Sh2-3 DI+. Large wood fragment 
possibly pine noted at 116cm and charcoal fragment at 117 cm. 
Dark brown amorphous peat; Sh4 Dh+ 01+. Large wood fragment possibly pine noted at 
163 cm. 
Brown less humified peat; Dh3 Sh 1 
Dark brown amorphous peat; Sh4 Dh+ 01+ 
Dark brown amorphous minerogenic peat; Sh3 Ag I. 

Table 8.4 Blanket Peat 2 (BP2) sediment description using a modified version of Troels-Smith notation 
(Section 5.2.1). 

262 



Crown Copyright 

Figure 8.9 Location of ombrotrophic blanket mire site, BP2. Map redrawn from 
Ordnance Survey 1: 10 000 series. 
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Figure 8.10 Photograph of ombrotrophic blanket mire site BP2 (arrowed), looking east towards the site, a low bedrock knoll above 
Loch an Fheadain (see Figures 8.1,8.9). 
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Figure 8.11 Ombrotrophic blanket mire site, BP2. Maps of surface contours, 
peat thickness and bedrock contours (Section 8.1). Core site is marked . 
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8.3.3 SEDIMENT ANALYSIS 

Sections 5.2.4 and 8.2.3 indicated the difficulties in detennining accurate bulk density 

values. Thus at BP2 bulk density, percentage water content and loss-on-ignition were 

not detennined for the whole profile. Loss-on-ignition was carried out on basal 

sediments in order to define the start of peat accumulation (Table 8.5). 

Depth (cm) Percentage Loss-on-
ignition 

183-185 95 
185-187 97 
187-189 93 
189-191 88 
191-193 87 
193-195 83 
195-197 77 
197-199 68 

Table 8.5 Blanket Peat 2 (BP2) loss-on-ignition values for mineral-rich peat, peat transition. 

Loss-on-ignition analysis indicates that between 195-199 cm the peat is mineral-rich but 

that there is an abrupt transition to highly organic peat with >90% loss-on-ignition 

values recorded at 189 cm. Sediment description suggests that the peat remains highly 

organic throughout the peat profile. 

8.3.4 HUMIFICA TION ANALYSIS 

Humification analysis was carried out at contiguous 2.0 cm intervals on highly organic 

peat as defined from the loss-on-ignition data (> 80%) and sediment description (Tables 

8.4, 8.5) between 1-195cm. Sampling, laboratory procedures and data analysis 

followed those outlined in Section 5.4. 

The percentage light transmission data, (Figure 8.12a), show a sustained rise in values 

from 53 cm, with values consistently> 35% above 43 cm. These high percentage 

transmission values indicating very poorly humified peat may be an artefact of the 

acrotelmlcatotelm transition (Section 8.1.3). In Section 8.2.3 it was proposed that 

without an accurate bulk density value a visual detennination from the sediment 

description would be required to identify the acrotelmlcatotelm transition. 
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Figure 8.12 (a) BP2 Percentage light transmission data for the complete peat profile plotted against depth 
(b) Percentage Light transmission data for the catotelm (see text for defmition) fitted with an exponential 
regression (see text). 
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Figure 8.13 Blanket Peat 2 (BP2) percentage light transmission data plotted with a mean percentage light transmission value plotted to lcr Standard Deviation (see text) . 
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Within BP2 the acrotelmlcatotelm boundary as defined from the sediment stratigraphy 

(Table 8.4) lies at around 31 cm. Peat composition above 31 cm is fibrous and poorly 

humified, becoming increasingly amorphous and humified below 31 cm. The 

humification data from peat within the acrotelm, between 0-31 cm, were disregarded 

during subsequent data analysis. Any decay at depth within the catotelm was assessed 

by fitting an exponential regression to the data set (Figure 8.12b). The relatively minor 

slope on the regression curve would suggest that within the peat profile there is limited 

decay with depth and the percentage light transmission data set is not detrended. To 

define significant shifts in the humification record the mean percentage transmission 

value to a 10' SD was calculated for peat between 31-195 cm (n=84; 25.7 ±7.8) (Figure 

8.13). Significant shifts are where percentage transmission values lie outside the 10' 

range (Figure 8.13 and Table 8.6). 

Depth 
(cm) 
55-31 

67-55 

71-67 

99-71 

107-99 

117-107 

129-117 

159-129 

185-159 

196-185 

Zone Humification 

j A period of increasing percentage light transmission values indicating poorly 
humified peat. After 50 cm there is a series of significant increases in percentage 
light transmission values suggesting very poorly humified peat towards the top of 
the profile. 

h 

g 

f 

e 

d 

c 

b 

a 

A period of increased percentage light transmission values suggesting poorly 
humified peat. 
An abrupt shift to higher percentage light transmission values but a non-significant 
shift to poorly humified peat. 
A gradual decline in percentage light transmission values indicating increasingly 
humified peat by 85 cm, with significantly well humified peat at 74 cm. 
An abrupt transition to significantly higher percentage light transmission values, a 
shift poorly humified peat 
An abrupt significant shift to lower percentage light transmission values and highly 
humified peat. 
An abrupt increase in percentage light transmission values indicates a shift to more 
poorly humified peat but the initial shift and subsequent period of low humification 
is not significant. 
A period of low percentage light transmission values suggesting a sustained period 
of increased peat humification. During this period there are as series of significant 
shifts to increasingly humified peat at 155cm, 149 em, 145 cm and 137 cm. 
Gradually falling percentage light transmission values indicating a period of 
increasing peat humification. 
Significantly high percentage light transmission suggesting poorly humified peat. 

Table 8.6 Blanket Peat 2 (BP2) a description of shifts in percentage light transmission values 
(humification), as defined from Figure 8.13. Note the sampling interval is at 2.0 cm. 

269 



8.3.5 CHRONOLOGY 

A chronological framework for the shifts in humification discussed in Section 8.1.4 was 

obtained from a series of AMS radiocarbon assays (Section 5.6). AMS radiocarbon 

ages were determined from peat samples representing the start of peat accumulation at 

BP2 (as defined by loss-on-ignition) and from peat defining the major shifts within the 

humification record. 

Laboratory Depth C content Conventional Calibrated age Calibrated age 
reference (cm) (% by Radiocarbon age (yrs range to 10' (yrs. range to 20' 

wt) BP ±10') BP) (yrs. BP). 
AA34245 53 63 960 ± 45 930 - 792 954 - 743 

AA34244 71 63 2580±55 2753 - 2624 2779 - 2491 

AA34243 97 61 3870 ±50 4409 - 4159 4419 - 4097 

AA34242 130 63 5070 ±55 5909 - 5739 5927 - 5660 

AA34241 196 26 9520 ±70 11 071 - 10 644 11 159 - 10578 

Table 8.7 Blanket Peat 2 (BP2): AMS radiocarbon assays, radiocarbon and calibrated years BP. 
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Figure 8.14 BP2 age-depth curve, with both radiocarbon years (Re BP) and calibrated years BP (Cal. BP) 
plotted. Peat accumulation rates are in nun per radiocarbon year. 
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The age-depth curve (Figure 8.14) and Table 8.7 suggest that the radiocarbon dates 

obtained present a conformable sequence in the correct stratigraphic order. These ages 

are therefore accepted as representative of a chronology of humification events within 

the peat stratigraphy and are used in the age interpolation of further events (Section 

8.3.6). The age-depth curve (Figure 8.14) suggests that accumulation rates have varied 

slightly, with between 15-20 mmlyear, for most of the profile. Above c. 2580 BP (2740 

cal. BP) there is a reduced accumulation rate, 0.11 mmlyear and after c. 960 SP (920 cal 

SP) peat accumulation rates increase to 0.55mmlyear. 

8.3.6 DATA INTERPRETATION 

The humification record (Section 8.3.4, Figure 8.13, Table 8.6) at SP2 is interpreted as 

a chronological sequence of changes in mire surface wetness (see Section 8.2.6). Peat 

inception at SP2 is discussed in Section 8.6.1. 

• c. 9520 - 8740 SP (11 030-10 100 cal. BP) (Zone a). A period of a significantly 

wet peat surface. 

• c. 8740 - 7030 BP (10 100-7800 cal. BP) (Zone b). The peat surface becomes 

increasingly drier with only minor fluctuations in surface wetness. 

• c. 7030-5070 BP (7800-5820 cal. BP) (Zone c). A sustained period (over 2000 

radiocarbon years) of a drier peat surface with several significant shifts to a dry 

surface at c. 6770 BP (7810 cal. BP), c. 6380 BP ( 7350 cal. BP), c. 6120 BP (7050 

cal. SP) and c. 5595 SP (6435 cal. SP). 

• c. 5070-4620 SP (5820-5250 cal. SP) (Zone d). A shift to increased mire surface 

wetness but the period of wetter mire surface is not significant. 

• c. 4620-4250 SP (5250-4750 cal. SP) (Zone e). An abrupt shift to a significantly 

drier mire surface. 

• c. 4250-3870 SP (4750-4290 cal. SP) (Zone f). A shift to a significantly wetter 

mire surface. 

• c. 3870-2580 BP (4290-2740 cal. BP) (Zone g). A sustained and prolonged (around 

1300 radiocarbon years) shift to a drier mire surface. The mire becomes 

significantly drier by around 3275 BP (3575 cal. SP). 

• c. 2580-2310 SP (2740-2450 cal. SP) (Zone h). A shift to a wetter mire surface. 
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• c. 2310-560 BP (2450-535 cal. BP). (Zones i and j) An increasingly wet mire 

surface with abrupt increases recorded at the opening of this period and at around 

960 BP (920 cal. BP). The mire surface becomes significantly wetter from around 

910 BP (865 cal. BP) and remains so until c. 560 BP (535 cal. BP). The transition 

to a significantly wetter mire surface is complicated by the acrotelmlcatotelm 

boundary within the peat profile (Section 8.1.3). Further interpretations of these 

data are discussed in Section 8.6. 

8.4 BLANKET PEAT 3 (BP3). 

8.4.1 SITE DESCRIPTION 

Blanket peat site 3 (BP3) lies 7.25 km west ofBP2 at grid reference NGR NH 049200, 

Longitude 5° 14' 5" W, Latitude 57° 14' Nand 312 mOD, Figure 8.1. Peat has 

accumulated on a small, Moinian schist knoll in the Gleann Gniomhaidh valley, above 

the tributary stream, the Alit Gleann Gniomhaidh, which flows into the River Affric 

(Figures 8.15, 8.16). The rocky knoll is located well away from the valley sides and lies 

5-10 m OD above the stream and therefore is considered ombrotrophic. Present-day 

vegetation cover is similar to BP 1 (Section 8.2.1) with predominantly species-poor 

damp acid blanket peat vegetation. Pine stump macrofossils were noted in eroded peat 

sections on the slopes of the bedrock knoll. 

From Figure 8.16 the peat is noted to have an eroded edge with a small man-made stone 

structure beneath this edge, just above the stream. This stone structure (listed as NTS 

No. WAFF017) is described in the National Trust for Scotland Archaeological Survey 

as an L-shaped structure c. 2m wide and c. 5 m long (Wordsworth and Harden 1997). 

No purpose for the structure is proposed. It is possible the peat edge has been 'cut' 

during the use ofthis structure. Thus this peat section was not sampled and the 

sampling site determined from peat survey data. 

The bedrock contours (Section 8.1.2, Figure 8.17), suggest an undulating bedrock knoll 

with a steep southerly edge and small basin infilled with> 4m of peat. At the true 

ombrotrophic point within the mire, A, the peat is around 1.8 m thick. The sampling 
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site was chosen on the concave slope beneath this point where water would have always 

moved through the peat and peat thickness was sufficient to ensure satisfactory 

resolution. 

The site was sampled using a 50.0 cm 12.0 cm internal diameter Russian corer. Cores 

were taken with 20 cm overlaps, wrapped and labelled and once in the laboratory stored 

in the dark at 4°C. The top highly fibrous 25 cm ofthe peat sequence could not be 

sampled with the corer and was subsequently dug out as a separate square block (c. 

15cm x 15 cm) of peat. This block was also wrapped and stored in the dark at 4°C. 

8.4.2 SEDIMENT DESCRIPTION 

Sediment stratigraphy recorded during the survey, shows peat accumulating on coarse 

sands overlying bedrock. Wood was also recorded at the base of these sequences lying 

directly above the coarse sands. These sands are assumed to be fluvio-glacial in origin 

associated with the Loch Lomond Readvance ice retreat, with the glaciated Gleann 

Gniomhaidh valley lying within the ice limits (Section 2.3, Figure 2.2). 

The sampling site was thought to have a depth of around 310 cm as determined during 

the survey, with a peat/gravel contact. However, the site was cored to a depth of263 

cm with extensive wood at the base of the profile making further sampling impossible. 

Thus at BP3 peat representing the initial period of peat accumulation is missing. 

Sediment description of the sample peat stratigraphy was carried out using Troels-Smith 

notation (Section 5.2.1); field descriptions were further defined under laboratory 

conditions and fluorescent lighting (Table 8.8). 
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Figure 8.15 Location map for ombrotrophic blanket mire site, BP3. Redrawn 
from Ordnance Survey 1: 10 000 series. 
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Figure 8.16 Photograph of ombrotrophic blanket mire site BP3, looking south west across the Allt Gleann Gniomhaidh (Figures 8.1 , 
8.15). The small rectangular structure discussed in Section 8.4.1 is visible on the slopes below the BP3 site. 
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Figure 8.17 Ombrotrophic blanket mire site, BP3. Maps of surface contours, 
peat thickness and bedrock contours (Section 8.1). Core site is marked with 
true water shedding site marked as A. 
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Depth (cm) 
BP3 

Stratigraphy 
Fresh peat; Th4 
Brown fibrous poorly humified peat; Th3, Shl 
Dark brown peat becoming less fibrous; Th2, Dh I, Sh I 
Dark brown peat; Th 1-2, Dl Shl-2 
Brown peat poorly humified peat with Sphagnum; Tb3 Shl 
Dark brown peat becoming increasingly humified; Dh3, Shl, Th+. 
Dark brown peat; Dh2-3, Shl-2, DI+, large woody fragment at 130 cm. 
Brown poorly humified fibrous peat; Dh3 Sh I. 
Dark brown peat; Dhl-2, Shl-2, D1+. 
Dark brown humified peat; Dhl, Thl, Sh2. 

0-5 
5-36 

36-68 
68-86 
86-92 

92-110 
110-153 
153-156 
156-162 
162-166 
166-190 Dark brown peat; Dh2-3, Shl-2, D1+, large woody fragment at 168-174 cm and 184-186 

cm. 
190-192 
192-198 
198-202 
202-216 
216-248 
248-261 
261-263 

Dark brown humified peat; Dhl, TbI, Sh2. 
Dark brown humified peat; Dh2, Sh2. 
Brown fibrous less humified peat; Dh3, Shl 
Dark brown humified peat; Dh2, Sh2 
Dark brown increasingly humified amorphous peat; Sh3, Dh I 
Dark brown very humified, amorphous peat; Sh4, Dh+. 
Wood, D14. 

Table 8.8 Blanket Peat 3 (BP3) Sediment description using a modified version of Troels-Smith notation 
(Section 5.2.1). 

Sediment description suggests peat becomes increasingly humified and decomposed 

with depth. There are several very distinctive visual changes in the degree of 

humification recorded throughout the stratigraphy. Several large wood macrofossils 

were recorded with the largest fragment at the base, thought to be pine similar to the 

large stumps noted eroding out of the exposed margins of the site. 

Within the peat stratigraphy no minerogenic sediments were recorded. The lack of 

visible minerogenic sediments and the potential lack of source area, the isolation from 

the valley side and no evidence that the site was inundated by the stream, suggested that 

there was no need for loss-on-ignition analysis on the peat profile. 

8.4.3 HUMIFICATION ANALYSIS 

Humification analysis (Section 5.4) was carried out at contiguous 2.0 cm intervals on 

organic peat between 6-261 cm. Sampling and laboratory procedures followed those 

outlined in Section 5.4. Raw percentage light transmission data for the whole peat 

profile is plotted in Figure 8.18a. 
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Figure 8.18 (a) BP3 percentage light transmission values from the whole peat profile plotted against 
depth. (b) BP3 percentage light transmission values from the eatotelm (36-263 em) (see text) with an 
exponential regression fitted to the data (see text). 
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Figure 8.19 BP3 percentage light transmission values plotted with a mean value to 10- standard deviation (see text). Zones (a-o) and * are further defined in the text. 
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Percentage light transmission values increase from around 70 cm with a further abrupt 

increase above 28 cm (Figure 8.18a). These high percentage transmission values 

indicating very poorly humified peat may be an artefact of the acrotelmlcatotelm 

transition (Section 8.1.3). In Section 8.2.3 it was proposed that without an accurate bulk 

density value a visual determination from the sediment description would be required to 

identify the acrotelmlcatotelm transition. From the sediment description (Table 8.8) the 

acrotelmlcatotelm boundary could lie at around 36 cm, marked by the transition to less 

fibrous and more humified peat. The humification data from peat within the acrotelm, 

between 0-36 cm, were disregarded during subsequent data analysis. Any decay at 

depth with the catotelm was assessed by fitting an exponential regression to the data set, 

Figure 8.18b. The relatively minor slope on the regression curve would suggest that 

within the peat profile there is limited decay with depth and so the percentage light 

transmission data set was not detrended. To define significant shifts in the humification 

record the mean percentage transmission value to a 1 cr SD was calculated for catotelm 

peat, between 36-261 cm, (n=I13; 29.9 ±6.9), Figure 8.19. Significant shifts are where 

percentage transmission values lie outside the 1 cr range, Figure 8.19, and are described 

as shifts in humification in Table 8.9. 

The percentage light transmission data for peat within the acrotelmlcatotelm transition 

(5-36 cm) (Figure 8.l8a) suggest that at 32-30 cm there is a shift towards lower 

percentage light transmission values followed by an abrupt shift to increased percentage 

light transmission values at 28 cm. As outlined in Section 8.3.3 it is proposed that this 

shift at 32-30cm to more humified peat may represent an important shift at BP3. 
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Depth (cm) Zone Humification 

50-36 0 An abrupt transition to significantly higher percentage light transmission values 
suggesting a shift to less well humified peat. 

70-50 n A period of lower but not significantly lower percentage light transmission 
values indicating more humified peat. At 58 cm there is a significant shift to 
higher percentage light transmission values suggesting a shift to more poorly 
humified peat. 

73-70 m A period of significantly lower percentage light transmission values suggesting 
the accumulation of well humified peat. 

86-73 Overall a decline in percentage light transmission values but with fluctuating 
values, significantly higher values at 80 cm followed by a further abrupt decline. 
This suggests that the transition to more humified peat is abrupt from initially 
poorly humified peat. 

92-86 k An abrupt shift from significantly lower to significantly higher percentage light 
transmission values, indicating a significant shift from well to poorly humified 
peat. 

132-92 j A period of lower percentage light transmission values suggesting well humified 
peat with several significant shifts to increased hurnification at 116 cm, 108 cm 
and 104 cm. 

152-132 A sustained shift from significantly higher percentage light transmission values 
to significantly lower percentage light transmission values suggesting a shift 
from poorly humified to well humified peat 

160-152 h A sustained shift from significantly low percentage light transmission values to 
significantly higher percentage light transmission values suggesting a shift from 
well humified to poorly humified peat. 

174-160 g A period of declining percentage light transmission values suggesting a shift to 
increasingly humified peat culminates in a significant shift to more humified peat 
at 160 cm. 

206-174 f An initial abrupt shift to higher to significantly higher percentage light 
transmission values. Overall a period of higher percentage light transmission 
values indicating poorly humified peat, but values fluctuate. Several further 
significant shifts to more poorly humified peat occur at 192 cm, and 187-179 cm. 

218-206 e A significant shift to lower percentage light transmission values indicating a shift 
to more humified peat. 

226-218 d Increasing percentage light transmission values but not a significant shift 
suggesting a decrease in peat humification. 

228-226 c An abrupt shift from significantly higher to lower but not significant percentage 
light transmission values indicating an abrupt transition from poorly to more 
humified peat. 

239-228 b An initial abrupt shift to higher percentage light transmission values. A period of 
fluctuating percentage light transmission values culminating in a significant shift 
to higher percentage light transmission values at 228 cm indicating more poorly 
humified peat. 

262-239 a A period of significantly low percentage light transmission values, suggesting 
highly humified peat in particular between 242-238 cm. 

Table 8.9 Blanket Peat 3 (BP3) shifts in percentage light transmission values as defined in Figure 8.19. 
Not the sample interval is 2.0 cm. 
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8.4.4 CHRONOLOGY. 

A chronological framework for shifts in peat humification within BP3 (Table 8.9) was 

obtained from a series of AMS radiocarbon assays (Section 5.6). AMS radiocarbon 

ages were determined from peat samples representing the start of peat accumulation 

after a period of woodland vegetation and significant shifts in humification (Section 

8.1.4). 

Laboratory Depth C content Conventional Calibrated age Calibrated age 
reference (cm) (%by Radiocarbon age (yrs range to 10 (yrs. range to 20 

wt) BP ±lcr) BP) (yrs. BP). 
AA342556 26 56 380 ± 45 505 - 325 515-310 

AA34255 70 55 2165 ±50 2302 - 2071 2339 - 2000 

AA34254 92 55 2640 ±50 2778 - 2745 2847 - 2714 

AA34253 160 57 4380 ±50 5034 - 4864 5255 - 4840 

AA34252 182 59 5170 ±55 5987 - 5906 6167 - 5753 

AA34251 242 63 7850 ±70 8748 - 8544 8985 - 8433 

AA34250 262 61 8595 ±65 9597 - 9530 9702 - 9487 

Table 8.10 Blanket Peat 3 (BP3) AMS radiocarbon assays, radiocarbon and calibrated years BP. 
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Figure 8.20 Blanket Peat 3 (BP3) age-depth curve, with both Radiocarbon years (RC BP) and calibrated 
years BP (cal. BP) plotted. Peat accumulation rates are in mm per radiocarbon year. 
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The age-depth curve (Figure 8.20) and Table 8.10 suggests that the radiocarbon dates 

obtained present a conformable sequence lying in the correct stratigraphic order. The 

ages for further shifts in humification (Table 8.9) were obtained using interpolation 

within the chronological framework defined above. 

The age-depth curve (Figure 8.20) suggests that peat accumulation rates have been 

relatively constant between 0.22 and 0.28 mmlyear for most of the profile. Notable 

increases in accumulation rates occur between c.4380-2165 BP (4900-2150 cal. BP) 

and after c. 380 BP (470 cal. BP). 

8.4.5 DATA INTERPRETATION 

Within BP3 the start of peat accumulation after a period of tree cover at the site is given 

as c. 8595 BP (9545 cal. BP) at a depth of 262 cm. This date may not represent initial 

peat inception at BP3. Stratigraphy across the rest of the BP3 site would suggest that 

there is a peat/coarse sandlbedrock stratigraphy beneath the wood. The depth to 

bedrock at the sampling site is given as 310 cm (Section 8.4.2). Age interpolation 

indicates that at the sampling site that peat inception could have occurred between c. 

8595-10 385 BP (9545-11 810 cal. BP). Peat inception is further discussed in Section 

8.6.1. 

The humification record (Section 8.4.3, Table 8.9) at BP3 is interpreted as a 

chronological sequence of changes in mire surface wetness (see Section 8.2.6). 

• c. 8595-7720 BP (9545-8470 cal. BP) (Zone a). A sustained period of a drier mire 

surface with a significant shift to an increasingly dry surface at around 7850 BP 

(8600 cal. BP) (depth 242 cm). 

• c. 7720-7225 BP (8470-7980 cal. BP) (Zone b). A complex period of abrupt shifts 

in surface wetness. The data suggest that from about 7720 BP (8470 cal. BP) there 

is a general shift towards increased surface wetness culminating in a significant 

short-lived shift to increased surface wetness at around 7200 BP (7950 cal. BP). 

Around 100 radiocarbon years later there is a subsequent abrupt shift to a drier 

surface (Zone c). 
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• c. 7135-6780 BP (7890-7530 cal. BP) (Zone d). A gradual sustained but not 

significant shift from a drier to a wetter mire surface. 

• c. 6780-6250 BP (7530-6995 cal. BP) (Zone e). A gradual sustained shift from an 

initially wetter mire surface to a significantly drier mire surface. 

• c. 6250-4885 BP (6995-5555 cal. BP) (Zone f). A complex period of abrupt shifts 

in surface wetness. Around 6250 BP (6995 cal. BP) there is an abrupt shift to 

increased surface wetness culminating in a significantly wetter mire surface around 

200 radiocarbon years later. Following this significant shift the mire surface was 

wetter for the remaining period with further significant wet shifts at c. 5620 BP 

(6370 cal. BP), between c. 5395-5065 BP (6145-5785 cal. BP) and c. 4885 BP 

(5555 cal. BP). The humification data indicate that during this period of 

predominant wetter mire surface there were abrupt shifts to a drier mire surface at c. 

5900 BP (6700 cal. BP) and c. 5500 BP (6200 cal. BP) but these shifts were not 

significant. 

• c. 4885-4380 BP (5555-4905 cal. BP) (Zone g). A prolonged, around 500 

radiocarbon years, and variable shift from a significantly wetter mire surface to a 

significantly drier mire surface. 

• c. 4380-4175 BP (4905-4655 cal. BP) (Zone h). A rapid, around 200 radiocarbon 

years, and sustained shift from a significantly drier to a significantly wetter mire 

surface. 

• c. 4175-3665 BP (4655-4020 cal. BP) (Zone i). A prolonged, around 500 

radiocarbon years but sustained shift from a significantly wetter to a significantly 

drier mire surface. 

• c. 3665-2640 BP (4020-2755 cal. BP) (Zonej). A period of predominantly drier 

mire surface with several significant shifts to a drier surface at around 3255 BP 

(3515 cal. BP), 3000 BP (3500 cal. BP) and 2640 BP (2755 cal. BP). During this 

drier period there are shifts to a wetter mire surface at around 3500 BP (3900 cal. 

BP) and 2800 BP (3000 cal. BP) but these shifts were not significant. 

• c. 2640-2510 BP (2755-2590 cal. BP) (Zone k). An abrupt short-lived, around 130 

radiocarbon years, shift from a significantly drier to a significantly wetter mire 

surface. 
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• c.2510-2230 BP (2590-2230 cal. BP) (Zone 1). A variable shift from significantly 

wetter mire surface around 2500 BP (2550 cal. BP) to a significantly drier mire 

surface around 300 radiocarbon years later. 

• c. 2200 BP (2200 cal. BP) (Zone m). An abrupt short-lived, around 100 

radiocarbon years but significant period of a drier mire surface. 

• c. 2100-1355 BP (2100-1385 cal. BP) (Zone n). A period of drier mire surface with 

a significant shift to a wetter mire surface at around 1680 BP (1690 cal. BP). 

• c. 1355-870 BP (1385-770 cal. BP) (Zone 0). An initial abrupt shift to a 

significantly wetter mire surface with the mire surface remaining wetter. 

From 870 BP (770 cal. BP) the top 36 em was not analysed in terms of significant shifts 

in mire surface wetness because ofthe control of the acrotelmlcatotelm transition within 

the blanket peat (Section 8.1.3). However, there is an abrupt shift to increased 

humification at 30 cm (Figure 8.l8a), around 545 BP (620 cal. BP), suggesting a drier 

mire surface at this time. This shift is thought to be important as it occurs at a depth 

where the degree ofhumification is reduced as peat has yet to pass through the active 

acrotelm into the catotelm. 

8.S.BLANKET PEAT 4 (BP4) 

8.5.1 SITE DESCRIPTION 

The site BP4 lies furthest west along the west-east transect (Figure 8.1). BP4 is situated 

at grid reference NGR NH 026208, Longitude 5° 16' 5" Wand latitude 57° 14',5" N 

and at 380 mOD. The site lies 2.5 km north west, further upstream ofBP3, at the top 

of the Gleann Gniomhaidh valley and is a small Moinian psammitic rock knoll above 

the western shore of Loch a' Bhealaich (Figures 8.21 and 8.22) The knoll lies 200m 

from the base of the main valley slopes (Figure 8.21) and is considered hydrologically 

isolated. The present-day vegetation cover is predominantly sedges and grasses species 

associated with damp acid peat vegetation rather than Cal/una vulgaris as recorded at 

BPI, 2 and 3. Pine stump macrofossils were noted in peat eroding out around the base 

of the knolL 
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Crown Copyright 

Figure 8.21 Location map for ombrotrophic blanket mire site BP4. 
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Figure 8.22 Photograph of ombrotrophic blanket mire site BP4, visible as low rocky 
mound above the north shore of Loch a'Bhealaich (see Figures 8.1, 8.21). 
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The bedrock contours (Section 8.1.2) suggest a relatively simple slightly flattened 

conical shaped bedrock knoll (Figure 8.23). The peat depth at the top of the knoll, the 

true ombrotrophic point (A) was recorded as 253 cm (Figure 8.23); however, it was 

thought that this peat depth was exaggerated owing to a tussock of sedge vegetation 

growing at the top of the knoll. The sampling site was located just below the top of the 

knoll and away from this prominent tussock of vegetation (Figure 8.23). It was felt that 

this site was still ombrotrophic and the potential peat depth of 232 cm was sufficient to 

ensure satisfactory resolution. 

The site was sampled using a 50.0 cm 12.0 cm internal diameter Russian corer. Cores 

were taken with 20 cm overlaps, wrapped and labelled and once in the laboratory stored 

in the dark at 4°C. The top highly fibrous 40 cm of the peat sequence could not be 

sampled with the corer and was subsequently dug out as a separate square block (c. 

ISem x 15 em) of peat. This block was also wrapped and stored in the dark at 4°C. 

8.5.2 SEDIMENT DESCRIPTION 

During the topographic survey of the site the stratigraphy on the lower slopes of the 

knoll suggested that beneath the peat there was a sequence of basal coarse sands above 

bedrock. Wood also was often recorded towards the base of the peat above the sands. 

During sampling wood was encountered at the base of the core at 210 cm and could not 

be penetrated. The survey suggested that at the sampling site peat depth was 232 em. 

Unfortunately the basal stratigraphy at the sampling site could not be determined during 

. the survey as the basal sediments were not retained within the gouge sampler. It is 

suggested that the sediment record at BP4 is incomplete as other stratigraphic evidence 

from the site suggests that there was a basal coarse sand/peat/wood stratigraphy. 

The sediment description (Table 8.11) indicates that at BP4 the peat profile becomes 

increasingly well humified with depth. There are several visual changes in peat 

humification and the presence of large woody fragments, possibly pine, at several points 

within the peat stratigraphy. Within the peat profile there is no stratigraphic evidence 

for minerogenic sediment deposition and no further sediment analysis (loss-on-ignition) 

was necessary. 
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Depth (cm) 

0-9 
9-22 
22-56 
56-96 
96-98 
98-125 
125-193 
193-209 
209-210 

BP4 
Sediment description 

Fresh peat; Th4. 
Brown poorly humified fibrous peat; Th3, Sh I. 
Brown fibrous peat becoming increasingly humified; Th2, Dh I, Sh I. 
Dark brown humified peat; Dh2-3 Shl-2, Dl+, Large wood fragment at 58 cm. 
Brown less humified sedge peat; Dh3, Shl. 
Dark brown humified peat; Dh2-3, Shl-2 Dl+. 
Dark brown well humified peat; Sh2-3, Dhl-2, DI+. 
Dark brown well humified amorphous peat; Sh4. 
Wood; D14. 

Table 8.11 Blanket Peat 4 (BP4) sediment description using a modified version of Troels-Smith notation 
(Section 5.2.1) 

8.5.3 HUMIFICA TION ANALYSIS 

Humification analysis was carried out at contiguous 2.0 cm intervals on highly organic 

peat within BP4, between 9-205 cm. Sampling and laboratory procedures follow those 

outlined in Section 5.4. 

Percentage light transmission values for the peat profile, Figure 8.24a, suggest a highly 

variable humification record. A sustained rise in percentage light transmission values 

above 33 cm, indicating more poorly humified peat, may be an artefact of the 

acrotelmlcatotelm transition (Section 8.1.3). Based on visual stratigraphic evidence 

(Table 8.11) the acrotelmlcatotelm boundary could lie at around 22 cm marked by the 

transition from fibrous poorly humified peat to increasingly humified peat. Percentage 

light transmission values from the acrotelm (1-22 cm) are disregarded in further data 

analysis. 

Any decay at depth within the catotelm was assessed by fitting an exponential 

regression to the data set, Figure 8.24b. The slope on the regression curve would 

suggest that within the peat profile there is decay with depth. However, the difference 

indicated by the slope on the line is only around a 7-8% reduction in percentage light 

transmission values at depth. It is argued that this difference is small enough not to 

detrend the full data set and allows for a comparison with humification data generated 

from blanket peat sites BPI-3 (Section 8.6). Increased decay at depth at BP4 is taken 

into account during the interpretation of the data set (Section 8.5.5). 
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Figure 8.24 BP4 (a) Percentage light transmission values for the entire peat profile, (b) Percentage light 
transmission values for the catotelm only (23-209 cm) (see text), with an exponential regression curve 
fitted to the data. 
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To define significant shifts in the humification record the mean percentage transmission 

value to a 10' Standard Deviation was calculated for catotelm peat, between 23-209 cm, 

(n=94; 23.6 ±4.7), Figure 8.27. Significant shifts are where percentage transmission 

values lie outside the 10' range, Figure 8.27, and are described as shifts in humification 

in Table 8.12. 

Depth (cm) 
37-23 

59-37 

75-59 

86-75 

90-86 

95-90 

97-95 

127-97 

121-127 

127-121 

131-127 

151-131 

155-151 

161-155 

167-161 

175-167 

191-175 

195-191 

197-195 

209-197 

Zone Humification 
u A sustained rise in percentage light transmission values with significantly higher 

values at 28 cm indicating a shift to poorly humified peat. 
An initial fall in percentage light transmission values to lower but not 
significantly lower values is followed by a period of lower values. Thus an initial 
increase in peat humification is followed by a period of more humified peat. 

s A period of high percentage light transmission values indicating a period of 
poorly humified peat with significant shifts to less well humified peat at 71 cm, 
67cm and 59cm. 

r A sustained rise in percentage light transmission values from significantly lower 
values to significantly higher values suggesting a shift to poorly humified peat. 

p A period of significantly low percentage light transmission values indicating well 
humified peat. 

o A decline in percentage light transmission values from significantly higher values 
to significantly lower values indicating a shift to more humified peat. 

n An abrupt shift from lower to significantly higher percentage light transmission 
values suggesting a shift to more poorly humified peat. 

m Overall a gradual decline in percentage light transmission values, with a shift 
from poorly humified peat to more humified peat. 
An abrupt transition from lower to significantly higher percentage light 
transmission values, indicating a shift to more poorly humified peat. 

k An abrupt transition from significantly higher to lower non-significant percentage 
light transmission values, suggesting a shift to more humified peat. 

j An abrupt transition from significantly lower to significantly higher percentage 
light transmission values, indicating an abrupt shift to more poorly humified peat. 
A period of lower but fluctuating percentage light transmission values suggesting 
a period of well humified peat, with significant shifts to humified peat at 141cm 
and 131 cm. 

h An abrupt transition from significantly higher to significantly lower percentage 
light transmission values indicating a shift to well humified peat. 

g A shift from significantly lower to significantly higher percentage light 
transmission values, indicating a shift to more poorly humified peat. 

f An abrupt transition from significantly high to significantly lower percentage 
light transmission values suggesting a shift to well humified peat. 

e A sustained shift from significantly lower to significantly higher percentage light 
transmission values, suggesting a shift from well to poorly humified peat. 

d A period of lower but fluctuating percentage light transmission values indicating 
more humified peat with a significant shift to well humified peat at 179 cm and 
175 cm. 

c A shift from high to significantly lower percentage light transmission values 
indicating a shift to well humified peat. 

b An abrupt transition to increased percentage light transmission values and poorly 
humified peat. 

a A sustained period of significantly low percentage light transmission values 
suggesting well humified peat. 

Table 8.12 BP4 shifts in percentage light transmission values as defined in Figure 8.25. Note sample 
interval is 2.0 cm. 
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8.5.4 CHRONOLOGY 

A chronological framework was determined based on a series of AMS radiocarbon 

dates (Section 5.6). The humification record within the peat at BP4 is complex with 

several often very abrupt but not always significant shifts. Thus radiocarbon dates were 

obtained to define the start of peat accumulation after a period of woodland vegetation. 

A series of assays at uniform depths up the profile was taken from which a chronology 

for all the shifts discussed in Table 8.13 was interpolated. 

Laboratory Depth C content Conventional Calibrated age Calibrated age 
reference (cm) (% by Radiocarbon age (yrs range to 1 cr (yrs. range to 2cr 

wt) BP ±lcr) BP) (yrs. BP). 
AA34249 50 56 965 ±45 931 - 793 957 -762 

AA34248 104 58 2800 ±50 2952 - 2847 3057 - 2778 

AA34247 164 59 4800 ±65 5599 - 5472 5654 - 5327 

AA34246 209 67 7970 ±65 9004 - 8648 9025 - 8598 

Table 8.13 Blanket Peat 4 (BP4) AMS radiocarbon assays, radiocarbon and calibrated years BP. 
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Figure 8.26 Blanket Peat 4 (BP4) radiocarbon assays, radiocarbon (RC BP) and calibrated years (cal. BP) 
BP. Error bars are plotted to 2cr. Peat accumulation rates are in mm per radiocarbon year. 
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The age-depth curve (Figure 8.26) and Table 8.13 suggest that the radiocarbon dates 

obtained present a confonnable sequence, lying in the correct stratigraphic order. These 

ages are therefore accepted as a representative chronology and used to detennine a 

chronology ofhumification shifts within the BP4 profile. 

The age-depth curve indicates that peat accumulation was initially lower at 0.14 

mm/year from c. 7970-4800 BP (8900-5500 cal BP). Between 4800-965 BP (5500-920 

cal BP) there are increased accumulation rates to around 0.3 mm per year. After 965 BP 

(920 cal. BP) there is a rapid increase in peat accumulation rates to 0.52 mm per year. 

8.5.5 DATA INTERPRETATION 

Sediment stratigraphy at BP4 suggested that the peat sequence sampled was incomplete 

with the basal peat/gravellbedrock transition missing (Section 8.5.2). A radiocarbon 

date of c. 7970 BP (8900 cal. BP) was obtained for peat accumulating at 209 em just 

above the basal wood fragments. The site survey suggested that the bedrock depth was 

232cm, thus at BP4 peat inception could have occurred between c. 7970-9590 BP (8900-

10640 cal. BP) based on interpolated dates. This potential peat inception date is 

discussed further with reference to the other blanket peat sites in Section 8.6. 

The following discussion outlines a chronological sequence of changes in mire surface 

wetness at BP4 based on the interpretation of the humification record (Section 8.1.3) as 

outlined in Table 8.12 and through interpolation of the AMS radiocarbon sequence 

(Table 8.13, Figure 8.26). 

• c. 7970-5575 BP (8900-6330 cal. BP) (Zones a, b, d). This is a prolonged period of 

a predominantly drier mire surface, in particular between c. 7970-7125 BP (8900-

7990 cal. BP) and around 5850 BP (6630 cal. BP). There is one abrupt shift to a 

wetter surface recorded at around 7000 BP (7900 cal. BP) (Zone c), but is only 

recorded by one data point: it may be unreliable to interpret this as an actual shift in 

surface wetness. Section 8.5.3 outlined a potential decay with depth trend within 

the data set so this period of increased mire surface dryness may in part be an 

aretfact within the data. 
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• c. 5575-5010 BP (6330-5725 cal. BP) (Zone e). A sustained shift over 500 

radiocarbon years to a wetter mire surface. 

• c. 5010-4370 BP (5725-4940 cal. BP) (Zones f, g, h). A complex period with a 

series of significant, abrupt and short-lived shifts in mire surface wetness. A shift to 

a wetter mire surface is recorded beginning at around 4700 BP (5370 cal. BP) (Zone 

g) and shifts to a drier mire surface are recorded beginning at around 5010 BP (5725 

cal. BP) (Zone f) and c. 4500 BP (5110 cal. BP) (Zone h). 

• c. 4370-3700 BP (4940-4075 cal. BP) (Zone i). A period of a drier mire surface 

with a increasingly dry surface at around 4000 BP (4500 cal. BP). 

• c. 3700-3235 BP (4075-3470 cal. BP) (Zonesj, k, I). A complex period of 

significant, abrupt and short-lived shifts in mire surface wetness. Shifts to a wetter 

mire surface are recorded beginning at around 3700 BP (4075 cal. BP) (Zone j) and 

3370 BP (3645 cal. BP) (Zone I), and a shift to drier mire surface beginning at 

around 3570 BP (3900 cal. BP) (Zone k). 

• c. 3235-2560 BP (3470-2655 cal. BP)(Zone m, n). This shift to a drier mire surface 

is prolonged over 650 radiocarbon years, and ends with an abrupt short-lived shift to 

increased mire surface wetness at c. 2560 BP (2655 cal. BP) (Zone n). 

• c. 2500-2190 BP (2580-2250 cal. BP) (Zone 0, p). A prolonged shift to a drier mire 

surface from around 2500 BP (2580 cal. BP) with a period of increased surface 

dryness until 2190 BP (2250 cal. BP) (Zone p). 

• c. 2190-1820 BP (2250-1840 cal. BP) (Zone r). A sustained shift to increased 

surface wetness. 

• c. 1820-1270 BP (1840-1250 cal. BP) (Zone s). A sustained period of increased 

mire surface wetness, with significantly wetter mire surface at around 1670-1545 

BP (1690-1545 cal. BP). 

• c.1270-715 BP (1250-680 cal. BP) (Zone t). An initial shift to a drier mire surface 

is recorded at around 1270 BP (1250 cal. BP), with a further period of around 550 

radiocarbon years of a drier mire surface. 

• c. 715-485 BP (680-460 cal. BP) (Zone u). A sustained shift to an increasingly wet 

mire surface with a significantly wetter mire surface from around 540 BP (515 cal. 

BP). 
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8.6. BLANKET PEAT INCEPTION WITHIN GLEN AFFRIC 

Under waterlogged conditions where aerobic breakdown of organic matter is reduced, 

plant material will accumulate as peat. These waterlogged conditions can be produced 

via a variety of complex ecological and hydrological interactions (Moore 1975, 1993) 

including climate (increased effective precipitation), vegetation disturbance and soil 

development. Peat inception surveys would suggest that topography strongly controls 

sites of peat initiation within the landscape with basins and hollows acting as/oei for 

early peat inception and subsequent spreading centres (Chambers 1981, 1984). 

However this may be an oversimplified interpretation as blanket peat inception is 

thought to have variable local controls (Edwards and Hirons 1982; Tipping 1995a). 

Peat profiles from sites BPI and BP2 (Figure 8.1, Sections 8.2,8.3) contained 

sediments representing peat initiation, from basal minerogenic peat-rich 'soils' passing 

up into organic peat. At sites BP3 and BP4 (Figure 8.1, Sections 8.4, 8.5) extensive 

wood macrofossils prevented sampling of basal minerogenic sediments and possible 

peat initiation. All sites are watershedding and thus peat accumulation on these sites is 

possible only under conditions of a high precipitation/evaporation ratio (Moore 1993). 

Radiocarbon dates from BPI and BP2 suggest peat inception from 9055 ±65 BP (10 

220 cal. BP) and 9520 ±70 BP (11 030 cal. BP) respectively. These inception dates are 

exceptionally early for blanket peat formation in Scotland. Charman (1992) cites early 

Holocene peat accumulation at sites in northern Scotland, with full ombrotrophic peat 

accumulating from around 6800 BP (7600 cal. SP) following a period of anthropogenic 

burning at around 7500 BP (8200 cal. BP). Tipping (1995a) investigating upland 

blanket peat inception suggests a near synchronous date of 9500 BP (10 600 cal. BP) for 

peat accumulating in deep basins and on lower hillslopes above Pitlochry, central 

Scotland. Later mid Holocene peat inception in other temperate northern latitude 

upland regions (Chambers 1981, 1984; Moore 1993; Tallis 1991; Smith and Green 

1995) is normally attributed to anthropogenic vegetation disturbance and subsequent 

edaphic change. However, in Glen Affric the very early peat inception dates, 

topographical setting and lack of palynological evidence for early Mesolithic activity 

(Davies 1999) would suggest that climatic rather than anthropogenic impact is the most 

likely forcing mechanism. 
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Blanket mires can be the product of natural soil maturation on base-poor soils in areas 

of high rainfall (Charrnan 1992). In Glen Affric the mica schist bedrock is very low in 

base-rich minerals (Section 2.2). At BPI above the thin sands «2 cm) covering the 

bedrock is a layer of wood macrofossils in a more organic-rich sediment suggesting the 

presence of a soil prior to peat accumulation (Table 8.1). Similar evidence for a soil 

prior to peat formation is noted at BP2 (Table 8.4). Thus peat accumulation at these 

sites could have been initiated by rapid soil maturation under persistent high rainfall 

rates and low evaporation rates, from very early in the Holocene, with the thickening of 

an organic top soil, peat accumulation and the subsequent preservation of wood 

macrofossils. 

Basal peat accumulation dates at sites BP3 and BP4 are 8595 ±65 BP (9550 cal. BP) 

and 7970 ±65 BP (8900 cal. BP) respectively. These dates for initial peat accumulation 

are still early but the presence of large wood macrofossils beneath the peat could 

suggest delayed peat inception due to woodland establishment. Similar to BPI and BP2 

peat inception at these sites could have been as response to increased effective 

precipitation with the preservation of the pine macrofossils an artefact of wetter mire 

conditions. Reduced woodland cover could have accelerated peat accumulation at sites 

BP3 and BP 4 with the lack of palynological evidence for Mesolithic activity within the 

Glen suggesting that woodland reduction may also have been a response to climatic 

change. 

In summary, blanket peat inception on water-shedding sites within Glen Affric occurred 

in the early Holocene from around 9500 BP (11 000 cal. BP) after early soil maturation 

primarily as a response to high amounts of precipitation. 

8.7 BLANKET PEAT STRATIGRAPHY-A CLIMATIC INTERPRETATION 

This section outlines climatic shifts as interpreted from the humification record of all 

four blanket peat sites. It is argued that at blanket peat sites BPI-4 changes in mire 

surface wetness are climatically controlled because non-climatic controls on water 

movement have been reduced through site selection. Each site is demonstrably water 
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shedding with the only hydrological input being precipitation. Anthropogenic impact 

on hydrology and vegetation change is minimal (Section 8.1.1). However, the role of 

woodland change across the mire surface and its control on the hydrology through 

varying evapo-transpiration rates is less well defined. Throughout each peat profile 

macrofossil remains of what are thought to be Scots Pine were recorded (Sections 8.2.2-

8.5.2), suggesting that Scots Pine woodland could have appeared and disappeared 

across the mire surface. This fluctuating woodland cover could have acted as a non

climatic control on mire surface hydrology with the added complication that woodland 

dynamics may have been driven by climatic change. A limited palynological 

investigation carried at site BP2 would indicate that variations in Scots Pine cover do 

not coincide with changes in the mire surface wetness record (McGuire 2000), 

suggesting that, for this site, changes in woodland cover have had no effect on mire 

hydrology and the surface wetness record is considered climatically driven. 

As outlined in Section 1.6.2 climatically controlled changes in mire surface wetness 

reflect changes in the amount of effective precipitation. The amount of effective 

precipitation reflects both temperature and precipitation controls. A drier mire surface 

(well humified peat) indicates a drier and/or warmer climate, with a wetter mire surface 

(poorly humified peat) indicating a wetter and/or cooler climate. 

To interpret the record of shifts in mire surface wetness from all four sites as 

chronologically synchronous or diachronous shifts in effective precipitation, the 

following assumptions are made: 

1) the radiocarbon chronologies at each site are correct: there is no evidence within 

each peat profile to contradict this assumption. 

2) the interpolated radiocarbon chronologies are correct: time depth curves for the peat 

profiles would suggest linear peat accumulation rates. However, there is always an 

error in interpolating ages; therefore all interpolated ages are interpreted with an 

error of 100-150 years. 

Chronologically synchronous shifts are defined as those that occur across all four sites 

within the above error range. It is assumed that such synchroneity is in effect a 

response by all four sites to the same climatic event. A difficulty with this assumption 

is the chronological error range of 100-150 years, with the possibility that although all 
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mires record a synchronous shift in the same direction this may not be a response to the 

same climatic shift at each mire site. A diachronous response to a climatic shift across 

the mire surfaces is less easy to define. Such diachroneity could be an artefact of poor 

dating control, in particular with interpolated ages, or non-climatic controls such as 

woodland cover affecting sites at different times. 

Percentage light transmission data from all four sites are plotted against age 

(radiocarbon years BP) in Figure 8.27. The data are zoned based on the chronology of 

significant shifts in mire surface wetness from each site (Sections 8.2.5, 8.3.5, 8.4.5, 

8.5.5), defining synchronous and potentially diachronous shifts in blanket mire surface 

wetness and therefore effective precipitation. The following discussion describes each 

of the zones evaluating synchroneity and significance of the proposed climatic shifts 

across the mire sites. 

• Zone 1 c. 9500-8750 BP (11 000-10000 cal. BP). BPI and BP2 indicate an initial 

period of significantly cooler and/or wetter climate following peat inception. The 

end of this period is synchronous between the two sites. This supports the 

interpretation of peat inception (Section 8.6) as taking place during a period of 

increased effective precipitation. 

• Zone 2 c. 8750-7750 BP (10 000-8770 cal. BP). At BPI, BP3 and BP4 this is a 

period of significantly drier and/or warmer climate, with BP2 becoming increasingly 

drier and/or warmer. This drier and/or warmer period is synchronous across all four 

sites from around 7970 BP (8900 cal. BP). 

• Zone 3 c. 7750-7000 BP (8770-7900 cal. BP). At BPI, BP2 and BP4 this prolonged 

significantly dry and/or warm period continues until c. 7000 BP (7900 cal. BP); 

however, at BP3 this period ends abruptly at around 7750 BP (8470 cal. BP) with a 

significant shift to a wetter and/or cooler period. 

• Zone 4 c. 7000 BP (7800 cal. BP). A minor, short-lived shift to wetter and/or cooler 

climate is recorded at BPI, BP3 and BP4. This shift is only significant at BP3. 
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• Zone 5 c. 7000-(5600-5070) BP (7800-(6330-5820) cal. BP). BPI, BP2, and BP4 

record a prolonged period of significantly drier and/or warmer climate. However, 

the record at BP3 would suggest that the climate during this period is variable with 

several shifts to significantly wetter and/or cooler climate recorded. Significantly 

drier and/or warmer climate shifts at around 6200 BP (7050 cal. BP) are recorded at 

BPI,2 and 3, and at around 5600 BP (6330 cal. BP) at BP 1,2 and 4. The end of 

this drier and/or warmer climatic shift is asynchronous through the glen, ending 

between 5270 and 5070 BP (6000-5820 cal. BP) in the east (Sites BPI and BP2) and 

earlier at c. 5600 BP (6330 cal. BP) in the west (site BP4). 

• Zone 6 c. (5600-5070)-4700 BP «6330-5820)-5350 cal. BP). The start of this 

wetter and/or cooler period was asynchronous (discussed above) with the shift 

starting earlier at westerly sites, around 5600 BP (6330 cal. BP). This period is 

significantly wetter and/or cooler at sites BPI and BP4, with this shift at site BP3 

one of several significant shifts to wetter and/or cooler climate. At BP2 this shift is 

not significant but marks the end of a prolonged period of drier and/or warmer 

climate and so is considered an important shift to wetter and/or cooler climate. The 

shift, however, ends synchronously at c. 4700 BP (5350 cal. BP) across mire sites 

BPI, BP2 and BP3. At BP4 the shift ends earlier around 5000 BP (5700 cal. BP) but 

mire surface is noted to become wetter again from 4700 BP (5350 cal. BP). 

• Zone 7 c. 4700-4300 BP (5350-4800 cal. BP). A synchronous shift across sites 

BPI, BP2 and BP3 at c. 4700 BP (5350 cal. BP) to a drier and/or warmer climate. 

At BP4 there is shift to drier and/or warmer climate from around 4500 BP (5100 cal. 

BP). The shift is significant at sites BP2, 3, and 4 but not at BP 1. The shift ends 

synchronously across sites BPI, BP2 and BP3, around 4300 BP (4800 cal. BP). At 

BP4 this shift to drier and/or warmer climate continues until c. 3700 BP (4100 cal. 

BP). Therefore between c. 4600-4300 BP (5250-4800 cal. BP) there is a period of 

drier and/or warmer climate that is synchronous throughout the glen. 

• Zone 8. c. 4300-(4080-3870) BP (4800-(4500-4290) cal. BP) At sites BPI, 2 and 3 

the previous period of drier and/or warmer climate is followed by a short-lived 

significant shift to wetter and/or cooler climate which ends between 4080-3870 BP 

(4500-4290 cal. BP) and is considered synchronous at around 3950 BP (4350 cal. 

BP). However, at BP4 the data suggest that here the climate remained drier and/or 

warmer until around 3700 BP (4100 cal. BP). 
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• Zone 9. A shift to significantly drier and/or wanner climate starts around 3950 BP 

(4350 cal. BP) at sites BPI, 2 and 3. At sites BP2 and BP3 this shift continues until 

around 2600 BP (2700 cal. BP); at BPI this shift ends earlier at c. 3160 BP (3370 

cal. BP). At BP4 the mire surface wetness data would suggest that at this site 

climate during this period is variable with several significant shifts to significantly 

drier and/or wanner at around 3570 BP (3900 cal. BP) and between c. 3240-2600 

(3470-2700 cal. BP) with significantly cooler and/or wetter climate from around 

3700 BP (4100 cal. BP) and 3370 BP (3650 cal. BP). 

• Zone 10. c. 2600-2200 BP (2700-2250 cal. BP). At sites BP2, 3 and 4 the previous 

drier and/or warmer climatic period is ended by an abrupt shift to wetter and/or 

cooler climate from around 2600 BP (2700 cal. BP), at BPI the mire becomes 

significantly wetter from 2400 BP (2450 cal. BP). At BP2 this shift is not 

significant but is important as it ends a prolonged period of drier and/or warmer 

climate. This shift ends at BP 1, 2 and 3 between 2060-2310 BP (2000-2450 cal 

BP). At BP4 the shift to wetter and/or cooler climate is very short-lived, lasting 

around 100 radiocarbon years, with a subsequent shift to drier and/or warmer 

climate from c. 2500 (2580 cal. BP) until 2200 BP (2250 cal. BP). 

• Zone 11. c. 2200-1820 BP (2250- 1840 cal. BP). At sites BP 1 and BP3 climate 

becomes significantly drier and/or warmer, in particular around 2200 BP (2200 cal. 

BP), but at BP2 the humification data suggest only a minor decrease in effective 

precipitation. At BP4 this period is marked by a sustained shift to significantly 

wetter and/or cooler conditions from around 2200 BP (2250 cal. BP) but prior to this 

shift at around 2200 BP (2250 cal. BP) all mire sites suggest a period of drier and/or 

warmer climate. 

• Zone 12. c. 1820-1460 BP (1840-1360 cal. BP). This shift to a wetter and/or cooler 

climate is recorded first and is much more prolonged at the westerly site BP4, 

starting at c. 2200 BP (2250 cal. BP) and sustained from c. 1820-1270 BP (1840-

1250 cal. BP). At BP3 the shift is recorded at around 1680 BP (1690 cal. BP) and at 

BP 1 around 1460 BP (1360 cal. BP), but at these sites the shift is less significant. 

No similar shift is recorded at BP2. This shift, although short-lived at sites BPI and 

BP3, is an important departure from the predominantly drier and/or wanner climate 

recorded previously. 
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• Zone 13. At sites BPI, 3 and 4 the previous wetter and/or cooler shift is followed 

by a brief return to drier and/or warmer conditions. At sites BPI and BP3 the 

previous wet shift was only a minor departure from previous drier and/or warmer 

climatic conditions (Zone 11). Drier and/or wanner conditions are recorded 

between 1460-1170 BP (1360-1070 cal. BP) at BPI, 1680-1355 BP (1690-1385 cal. 

BP) at BP3 and 1270-720 BP (1250-680 cal. BP) at BP4. There is some 

synchroneity at BPI and BP2 with drier and/or warmer conditions between 1460-

1355 BP (1360-1385 cal. BP). At BP4 this drier and/or wanner period is delayed 

and once established is more prolonged. The end of this climatic period is marked 

at all sites by an abrupt shift to significantly wetter and/or cooler climatic 

conditions; however, the timing of this shift is highly variable. 

• Zone 14. In the east wetter and/or cooler climatic conditions are recorded from 

1170 BP (1070 cal BP) at BP 1 with significantly wetter and/or cooler climate from 

1080 BP (970 cal. BP) and at BP2 from 2310 BP (2450 cal BP) with significantly 

wetter and/or cooler climate from 960 BP (920 cal. BP). In the west, at BP3, the 

climate becomes wetter and/or cooler from 1355 BP (1385 cal. BP) and is 

significantly wetter and/or cooler from 870 BP (930 cal. BP). At BP4 climate is 

significantly wetter and/or cooler from 720 BP (680 cal. BP). Therefore from 1080-

870 BP (970-930 cal BP) at sites BPI, 2 and 3 there is a shift to wetter/cooler 

climate this shift is later at BP4, from 720 BP (680 cal. BP). 

At sites BPI (Section 8.2.5) and BP3 (Section 8.4.5) a minor shift to a drier mire 

surface indicating a shift to drier/warmer climatic conditions is proposed at between 

545-430 BP (620-380 BP). 

Shifts synchronous across three or more sites are considered as significant climate shifts 

throughout the glen and are summarised in Table 8.14. The discussion above outlined 

the difficulty in defining diachronous shifts through the glen. There are only two shifts 

that could be considered as diachronous. At around 5600 BP (6330 cal. BP) mires in 

the west become wetter with mires in the east remaining dry until around 5070 BP 

(5820 cal. BP), suggesting that increasing cooler and/or wetter climate could have been 

initiated in the west (Zone 6). From c. 1850 BP (1840 BP) BP4 indicates a sustained 

period of wetter and/or cooler conditions until c. 1270 BP (1250 cal. BP) and during this 

period (Zone 12) mires through the glen record an abrupt short-lived shift to wetter 

304 



and/or cooler conditions, possibly a response to wetter and/or cooler climates spreading 

from the west. 

Climate Shift Chronology 
Wetter/cooler 9500-8750 BP 

(11-10000 cal. BP) 

c.7000 BP (7900 cal. BP) 

(5600-5070)-4650 BP 
«6330-5820)-5250 cal. 
BP) 

4300-(4080-3870) BP 
(4800-(4500-4290) cal. 
BP) 

2600-2200 BP 
(2700-2200 cal. BP) 

c. 1820-1460 BP 
(1840-1360 cal. BP) 

1080-870 BP 
(970-930 cal BP) 

Climate Shift 
Drier/warmer 

Chronology 

8750-7000 BP 
(10 000-7900 cal. BP) 

7000-(5600-5070) BP 
(7900- (6330-5820) cal. BP) 

4650-4300 BP 
(5250-4800 cal. BP) 

(4080-3870)-2600 BP 
«4500-4290)-2700 cal. BP) 

c.2200 BP (2200 cal. BP) 

1460-1355 BP* 
(1360-1385 cal. BP) 

545-430 BP * 
(620-380 cal. BP) 

Table 8.14 Shifts in effective precipitation within Glen Affric as recorded by significant fluctuations in 
blanket peat humification records from at least three out of four sites. * denotes shift recorded by two 
sites only. 

There are several further instances of spatial variability in climate through the glen with 

mire sites inferring different climatic conditions in the west and east of the glen. In 

Zone 5 (7000-(5600-5070) BP (7800-(6330-5820 cal. BP)) data from sites BPI, BP2 

and BP4 would suggest that this is a period of relatively stable drier and/or warmer 

climate. However, data from BP3 would suggest that this period was highly variable 

with several significant shifts to both wetter and/or cooler and warmer and or drier 

conditions. In Zone 9 (3950-2600 BP (4350-2700 cal. BP» sites BP2 and BP3 would 

suggest a period of drier and/or warmer climate with BPI drier and/or warmer until 

3160 BP (3370 cal. BP). However, data from BP4 would suggest that this period was 

highly variable with several significant shifts to both wetter and/or cooler and drier/and 

or warmer climate. In Zone 10 sites BP I, BP2 and BP3 indicate a period of wetter 
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and/or cooler climatic conditions from around 2600 BP (2700 cal. BP) until 2200 BP 

(2250 cal. BP); however, in the west, at BP4, this shift is abrupt and short-lived with 

surface mire wetness suggesting a period of drier and/or warmer conditions from 2500 

BP (2580 cal. BP) until 2200 BP (2250 cal. BP). This west-east climatic contrast is 

reversed in Zone 12 (2200-1820 BP (2250-1840 cal. BP) with a period of warmer 

and/or drier conditions in the east corresponding to a period of wetter and/or cooler 

conditions in the west. The mire surface wetness records from sites BP3 and BP4 

appears to be more variable than BPI or BP2 suggesting that climate within the west of 

the glen was more variable. However, there is little synchroneity of shifts in effective 

precipitation between sites BP3 and BP4 suggesting that perhaps at these sites there 

could have been non-climatic controls on surface wetness. Such spatial variability 

could also be in response to climatic gradients operating within the glen or, as discussed 

above, a response to local climatic and hydrologic (such as vegetation cover) controls 

on mire surface wetness. The evidence for spatial variability, as discussed above, and 

potential controls such as climatic gradients operating within the glen is further 

discussed in Section 9.2. 

In Section 9.2 synchronous significant shifts in effective precipitation, as outlined in 

Table 8.14, are combined with the precipitation record generated from lake-level 

fluctuation data. Through the combination of these data sets the effective precipitation 

data set can be further defined in terms of shifts in either precipitation or temperature. 

306 



PART 4 CLIMATE CHANGE: PROXY DATA SET SYNTHESIS 

CHAPTER 9 

HOLOCENE CLIMATIC CHANGE: GLEN AFFRIC AND NORTH 

WEST SCOTLAND 

9.1 INTRODUCTION 

Climatic data generated from the two climate proxies, lake-level fluctuations (Section 

7.8) and blanket mire surface wetness (Sections 8.7) are combined to produce a record 

of shifts in temperature and precipitation (Section 9.2). This climate record is used to 

interpret the periodicity of geomorphic activity identified within the Loch Coulavie 

basin (Section 9.3). A comparison of the climate record generated for Glen Affric with 

other climatic data sets from the North West of Scotland defines regionally significant 

climatic events (Section 9.4). Potential climatic forcing mechanisms are discussed in 

Section 9.5 with the climatic record for Glen Affric tested against Greenland ice core 

data (O'Brien et al. 1995) and fluctuations in North Atlantic Ocean circulation (Bond et 

al. 1997). 

9.2 HOLOCENE CLIMATE CHANGE IN GLEN AFFRIC 

This section defines periods of climate change identified from the proxy data (Table 

9.1). The lake-level fluctuation record generated for Loch Coulavie (Section 7.8) is 

argued to be a highly sensitive record of changes in the amount of precipitation (Section 

1.6.1). Shifts in blanket mire surface wetness record changes in the amount of effective 

precipitation, that is precipitation minus evaporation (Sections 1.6.2, 8.6). A shift in 

blanket mire wetness will therefore be a response to changes in temperature and/or 

rainfall. 
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Lake-level fluctuations Blanket mire surface wetness 
Rise Fall Wetter Drier 

c. 430-545 BP 
(380-620 cal. BP) 

c. 870-1080 BP 
(770-970 cal. BP) 

c. 1260-1620 BP c. 1355-1460 BP 
(1230-1580 cal. BP) (1360-1385 cal. BP) 

c. 1620-1840 BP c. 1460-1820 BP 
(1580-1800 cal. BP) (1360-1840 cal. BP) 

c. 1840-2050 BP c. 1820-(2060-2310) BP 
(1800-2010 cal. BP) (1840-(2000-2450) cal. 

BP) 
c. 2050-2820 BP c. (2060-2310)-2600 BP 
(2010-2960 cal. BP) «2000-2450)-2700cal. 

BP) 
c. 2820-3000 BP c. 2600-3950 BP 
(2960-3200 cal. BP) (2700-4350 cal. BP) 

c. 3000-3350 BP 
(3200-3670 cal. BP) 

c. 3350-3570 BP 
(3670-3940 cal. BP) 

c.3570-3860 BP 
(3940-4300 cal. BP) c.3860-3960 BP 

(4300-4430 cal. BP) 

c. 3960-4540 BP c. 3950-4300 BP 
(4430-5150 cal. BP) (4350-4800 cal. BP) 

c. 4300-4700 BP 
(4800-5350 cal. BP) 

c. 4540-5000 BP c. 4700-(5070-5600) BP 
(5150-5730 cal. BP) (5350-(5820-6330) cal. 

c. 5000 BP BP) 
(5730 cal. BP) 

c. 5000-5550 BP 
(5730-6360 cal. BP) 

c. 5550-5970 BP c. (5070-5600)-7000 BP 
(6360-6860 cal. BP) «5820-6330)-7800 cal. 

c. 5970-6280 BP BP) 
c. 6280 BP (6860-7200 cal. BP) 
(7200 cal. BP) 

c. 6280-6840 BP 
(7200-7600 cal. BP) 

c. 7000 BP c. 7000 BP 
(7800 cal. BP) (7800 cal. BP) 

c. 7000-8750 BP 
(7800-10000 cal. BP) 

c. 9000-9400 BP c. 8750-9500 BP 
(10200-10600 cal. BP) (10000-11000 cal. BP) 

c. 9400-10000 BP 
(10600-11500 cal. BP) 

Table 9.1 Lake-level fluctuations (Section 7.8) and blanket mire surface wetness record (Sections 8.7) 
used to identify periods of climate change. 
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How blanket mire surface wetness relates to changes in precipitation, as derived from 

the lake-level record, can further define the role of temperature and rainfall in 

controlling effective precipitation. Wetter mire surfaces that do not coincide with lake

level rises may have a greater temperature component (for example cooler conditions) 

in their formation and vice versa. The blanket mire surface wetness record also contains 

data on how climatic shifts may have operated within the glen because sites are located 

in the east and in the west of one of the longest east-west trending glens in northern 

Scotland. (Section 8.1.1, Figure 8.1). It is thought that periods of change in mire 

surface wetness at sites within the west earlier than at sites in the east could, for 

example, indicate a shift initiated to the west of Scotland, potentially oceanic in origin. 

However, Section 8.7 indicates that such diachroneity of shifts in climate within the 

glen is difficult to prove owing to the limitations of radiocarbon dating. Further 

evidence for climatic spatial variability within the glen was discussed in Section 8.7, 

and these periods of climate change, often recorded by one site, are further discussed 

below. 

9.2.1 DATA SYNTHESIS - HOLOCENE CLIMATE CHANGE 

c. 10000-9400 BP (11 515-10600 cal. BP). 

Delayed organic sedimentation within the Loch Coulavie basin is considered to be the 

result oflower lake-levels or a series oflower lake-levels (Section 7.3) suggesting very 

low precipitation. 

c. 9400-8750 BP (10 600-10 000 cal. BP). 

Peat inception data (Section 8.6) indicates that blanket peat accumulation had started 

within Glen Affric from around 9500 BP (11 000 cal. BP) which is synchronous with 

both the start of organic sedimentation within the Loch Coulavie basin and an inferred 

period of rising lake-levels between 9400-9000 BP (10 600-10 200 cal. BP). This 

suggests that from around 9500 BP (11 000 cal. BP) precipitation increased. Blanket 

peat surface wetness data indicate that this period of increased precipitation continued 

until around 8750 BP (10 000 cal. BP). 
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c. 8750-7000 BP (lO 000-7800 cal. BP). 

This is a period poorly defined from lake-level fluctuation data. However, blanket mire 

data suggest a period of drier mire surfaces throughout the glen, indicating a period of 

drier and/or warmer climate. 

c. 7000 BP (7800 cal. BP). 

A lowering oflake-Ievel indicates reduced precipitation. A minor abrupt and short

lived increase in mire surface wetness (high effective precipitation) at this time would 

suggest that this drier period was associated with cooler temperatures. 

c. 7000-6000 BP (7800-6900 cal. BP). 

This period is marked by falling lake-levels between c. 6800-6000 BP (7600-6900 cal. 

SP) and a sustained period of drier mire surfaces between c. 7000-5600 SP (7800-6330 

cal. BP). This suggests a prolonged drier period. During this period there is an abrupt 

short-lived rise in lake-level at around 6280 SP (7200 cal. SP) suggesting a brief 

episode of increased precipitation. This abrupt increase in precipitation corresponds to 

a period of increased blanket mire dryness at around 6200 BP (7050 cal. BP), 

suggesting that temperatures were high enough to maintain elevated evaporation rates 

during this abrupt increase in rainfall. 

c. 6000-5600 BP (6900-6360 cal. BP). 

Rising lake-levels indicate an increase in precipitation although blanket mire surfaces 

throughout the glen remained dry, suggesting that temperature was warm enough to 

maintain a low effective precipitation. 

c. 5600-4600 DP (6900-5200 cal. DP). 

Lake-level data suggest that this was a period of predominantly low lake-levels and 

therefore reduced precipitation. There was an abrupt short-lived increase in lake-level 

at around 5000 SP (5700 cal. BP) indicating a period of increased rainfall. After this 

event lake-level fell again and remained low until around 4600 BP (5200 cal. BP). The 

blanket mire surface wetness record suggests that this period of shifts in precipitation 

was accompanied by changes in temperature. Mires in the west were wetter from 

around 5600 BP (6900 cal. SP) with mires in the east becoming wetter only from 
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around 5000 BP (5700 cal. BP), with all mires then remaining wet until c. 4700 BP 

(5350 cal. BP). The initial response of mires in the west to conditions of lower rainfall 

is difficult to interpret, with an apparent increase in mire surface wetness a response to 

cooler temperatures but with this cooler climate restricted to the west. However, the 

abrupt short lived increase in rainfall at around 5000 BP (5700 cal. BP) was 

synchronous with increasingly wetter mire surfaces in the east. The initial shift in the 

east to wetter mire surface may have been in response to increased precipitation but the 

maintenance of wetter mire surfaces throughout the glen until c. 4700 BP (5350 cal. 

BP), under prevailing conditions of lower amounts of precipitation, is thought to be 

associated with cooler temperatures. This climatic spatial variability within the glen is 

further discussed in Section 9.2.2. 

c. 4600-3900 BP (5200-4350 cal. BP). 

Rising lake-levels suggest a period of increased precipitation. However, changes in 

mire surface wetness which were synchronous throughout the glen suggest that this 

increase in rainfall was accompanied by changes in temperature. Between c. 4700-4300 

SP (5350-4800 cal. BP) a synchronous shift to drier blanket mires indicates that 

although precipitation had increased, temperatures had also increased to maintain low 

effective precipitation throughout the glen. Between c. 4300-3900 BP (4800-4350 cal. 

BP) there was a short lived shift to wetter mire surfaces suggesting that a relative fall in 

temperature under conditions of increased precipitation occurred. During this period 

mire surfaces in the west (site BP4, Section 8.5) remained dry until c. 3700 BP (4100 

cal. SP) suggesting higher temperatures in the west. However, the response of the 

remaining mire sites would suggest that this period was overall cool and wet. 

c. 3900 (4350 cal. BP). 

An abrupt short-lived fall in lake-level suggests a reduction in precipitation. This 

corresponds with the start of a more prolonged period of drier blanket mire surfaces, 

interpreted as a period of dry climate. 

c. 3900-3600 BP (4350-3950 cal. BP). 

A period of rising lake-level suggests increased precipitation, however, blanket mire 

surfaces remained dry suggesting that the higher temperatures initiated around 3900 BP 

(4350 cal. BP) were maintained. The most westerly site BP4 (Section 8.5) records a 
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short-lived shift (around 100 radiocarbon years) to a wetter mire surface at around 3700 

BP (4075 cal. BP). This west-east climate variability is further discussed in Section 

9.2.2. 

c. 3600-3350 BP (3950-3670 cal. BP). 

A short-lived period of falling lake-level suggesting reduced amounts of rainfall; this is 

synchronous with drier mire surfaces throughout the glen, with the most westerly site 

BP4 recording an abrupt short-lived shift to a drier mire surface at around 3600 BP 

(3950 cal. BP). 

c. 3350-3000 BP (3670-3200 cal. BP). 

Rising lake-levels suggest a period of increased precipitation. This rise in precipitation 

is thought to be a high-magnitude event with higher lake-levels around 3000 BP (3200 

cal. BP). The prolonged period of drier mire surfaces in the east continued with no 

response to this period of increased precipitation until around 3000 BP (3200 cal. BP) 

when the most easterly site BPI (Section 8.2) records an increasingly wet mire surface. 

The most westerly site BP4 records a shift to increased mire surface wetness at around 

3370 BP (3650 cal. BP), with this shift short-lived, and drier mire surfaces recorded 

from 3250 BP (3470 cal. BP). This could reflect a potential initiation of this shift to 

increased precipitation originating from the west, but that prevailing higher 

temperatures resulted in low effective precipitation and drier mire surfaces in the east 

and eventually in the west. The response of the easterly mire site (BP 1) to increased 

precipitation from around 3000 BP (3200 cal BP) is difficult to interpret. This response 

could suggest a shift to lower temperatures but that these cooler climatic conditions 

were restricted to this most easterly site. This spatial variability in both temperature and 

rainfall is further discussed in Section 9.2.2. 

c. 2900 BP (3100 cal BP). 

A short-lived abrupt fall in lake-level indicates a reduction in the amount of 

precipitation. Blanket mires in the west remained dry indicating a strong precipitation 

control on effective precipitation except in the east (BPI; Section 8.2) where blanket 

mires were wet, potentially indicating cooler temperatures (see below). 

312 



c. 2900-2050 BP (3100-2000 cal. BP). 

Rising lake-levels in particular after c. 2400 BP (2350 cal. BP) indicate a high

magnitude prolonged shift to increased precipitation. This shift corresponds to 

increasingly wetter mire surfaces from c. 2600 BP (2700 cal BP) throughout the glen, 

indicating a strong precipitation control on effective precipitation. The shift ends 

between c. 2050-2300 BP (2000-2450 cal. BP) and is more prolonged in the east ending 

around 2050 BP (2000 cal. BP). At the westerly site BP4 (Section 8.5) this shift to 

wetter mire surface and wetter and/or cooler climate is short-lived « 1 00 radiocarbon 

years) and from c. 2500 BP (2550 cal. BP) until around 2200 BP (2200 cal. BP) there is 

a shift to drier mire surfaces (drier/and or warmer climate). Shifts to drier mire surfaces 

in the west and under prevailing higher rainfall conditions, could suggest that this shift 

is cooler in the east and increasingly warmer in the west. This warmer period in the 

west is short-lived as from 2200 BP (2200 cal. BP) mire surfaces at site BP4 become 

wetter. This spatial variability in temperature is further discussed in Section 9.2.2. 

c. 2050-1850 BP (2000-1800 cal. BP (150 AD». 

A short-lived period of falling lake-levels suggests reduced precipitation. Blanket mire 

surfaces became drier from around 2300-2050 BP (2450-2000 cal. BP) until around 

1850 BP (1800 cal. BP). However, in the west the blanket mire surface at site BP4 

suggests a prolonged period of wetter and/or cooler climate from 2200-1270 BP (2200-

1200 cal. BP). Under the prevailing conditions of low precipitation the data from the 

westerly site would suggest that temperatures in the west were cooler than the east (see 

Section 9.2.2). 

c. 1850-1620 BP (1800-1550 cal. BP (150-400 AD». 

Rising lake-levels suggest a period of increased precipitation. The response of blanket 

mire sites is complex. The westerly blanket mire site, BP4 (Section 8.5), became 

increasingly wet from around 1850 BP (1800 cal. BP) with this wet shift prolonged, 

lasting until around 1270 BP (1200 cal. BP). The westerly site BP3 (Section 8.4) had a 

short-lived wet shift from around 1680 BP (1600 cal. BP). However, mires in the east 

remained dry. This suggests that this increase in precipitation may have spread from the 

west with precipitation possibly higher in the western end of the glen but that higher 

temperatures maintained a low effective precipitation in the east (see Section 9.2.2). 
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c. 1620-1300 BP (1550-1250 cal. BP (400-700 AD». 

Falling lake-levels suggest a reduction in the amount of precipitation. The response of 

blanket mires to this period of reduced precipitation is complex. The westerly mire BP4 

remained wet until c. 1270 BP (1200 cal. BP). There is a short-lived shift to 

increasingly wet mire surface in the east (site BPI) at around 1450 BP (1360 cal. BP). 

To maintain wetter mire surfaces and force a short-lived shift in the east is it proposed 

that this period of reduced rainfall may have been associated with lower temperatures. 

However, the shift to a wetter surface in the east is short-lived with drier mire surfaces 

recorded between c. 1500-1300 BP (1450-1250 cal. BP) indicating that temperature 

control of effective precipitation was restricted to the west of the glen. 

c. 1300-800 BP (1250-700 cal. BP (700-1250 AD». 
There are no lake-level data after c. 1300 BP (1250 cal. BP). The record of mire surface 

wetness becomes increasingly complex with poor synchroneity between the sites. 

Within the east mires became wetter from around 1300 BP (1250 cal. BP) but within the 

west sites are drier until c. 700 BP (650 cal. BP). Sites in the east are significantly 

wetter from c. 1000 BP (900 cal. BP) with sites throughout the glen significantly wetter 

from c. 800 BP (700 cal. BP) suggesting a shift to cooler and or wetter climate. The end 

of this shift is chronologically unconstrained throughout the glen owing to the 

acrotelmlcatotelm boundary ending the interpretable peat record (Section 8.1.3). 

c. 550-430 BP (540-500 cal. BP (140-1450 AD». 

Limited blanket peat data for evidence of a minor return to drier and or warmer 

conditions. 

The above climate record is summarised graphically as relative changes in temperature 

and precipitation in Figure 9.1 and Table 9.2. 
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Figure 9.1 Summary of Holocene climate change in Glen Affric with climate dermed as shifts in (a) precipitation and (b) temperature, dashed arrows represent probable 
shifts (see text) . 
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Combining both data sets, discussed above (Table 9.1), indicates that not all rises and 

falls in lake-level are associated with respective shifts to a wetter or drier mire surface. 

Higher lake-levels (increased precipitation) at c. 9400-9000 BP (10600-10200 cal. BP) 

and c. 2820-2050 BP (2960-2010 cal. BP) are synchronous with shifts to wetter mire 

surface, with lower lake-levels (lower precipitation) at c. 6840-5970 BP (7600-6860 cal. 

BP), c. 5600-5000 BP (5700-6350 cal. BP), c. 3900 (4350 cal. BP), c. 3600-3360 BP 

(3950-3650 cal. BP), c. 2900 BP (3100 cal. BP) and c. 2050-1850 BP (2010-1800 cal. 

BP) synchronous with shifts to a drier mire surface. High intensity, abrupt, short-lived 

shifts to increased precipitation at c. 6280 BP (7200 cal. BP), and c. 3000 BP (3200 cal. 

BP) are not recorded as shifts to a wetter mire surface. A similar event at c. 5000 BP 

(5730 cal. BP) and the very intensive increased precipitation event at c. 2400 BP (2350 

cal. BP) are synchronous with a shifts to wetter mire surface with the latter event part of 

a very prolonged period of higher precipitation c. 2900-2050 BP (3100-2000 cal. BP). 

The apparent lack of response of the mire surfaces to these abrupt often short-lived 

precipitation events may in part be due to the insensitivity of blanket mires to this type 

of event but it is proposed that there is a substantial temperature control on mire surface 

wetness (see Section 9.4). 

Shifts to increased precipitation but drier mire surfaces at c. 6280 BP (7200 cal. BP), c. 

6000-5600 BP (6900-6350 cal. BP), c. 4600-4300 BP (5200-4800 cal. BP), c. 3900-

3600 BP (4350-3950 cal. BP), c. 3350-3000 BP (3670-3200 cal. BP), c. 1850-1620 BP 

(1850-1530 cal. BP) are associated with wetter but warmer climates. Increased 

precipitation between c. 4540-3960 BP (5150-4430 cal. BP) is associated with wetter 

mire surfaces from c. 4300-3900 BP (4800-4350 cal. BP) when relative change in 

temperature is thought to have controlled effective precipitation and this period is 

described as wet and cool. Similarly the shift to increased precipitation at c. 5000 BP 

(5730 cal. BP) is also associated with cooler climates. Shifts to lower precipitation but 

wetter mire surfaces at c. 7000 BP (7800 cal. BP), c. 5000-4600 BP (5700-5200 cal. 

BP) and c. 1620-1300 BP (1530-1250 cal. BP) are associated with drier but cooler 

climates. 

The strong synchroneity between fluctuations in lake-level and shifts in mire surface 

wetness (Table 9.1) suggests that both proxies are highly sensitive to the climatic 
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forcing mechanisms causing changes in both precipitation and temperature (see below 

and Section 9.5). 

In combining both proxy data sets the weaknesses and strengths of each proxy data set 

are revealed. It is noted that both data sets provide a continuous Holocene record but 

that climatic data from the last 1000 radiocarbon years is poorly defined owing to 

limitations of the humification analysis technique within fen peat (Section 6.2.6) and 

blanket mires (Section 8.1.3). The record of fluctuations in lake-level provided a highly 

sensitive record of changes in precipitation but this record was only clearly resolved 

after fen peat inception; prior to this the lake-level record is poorly defined. This 

sensitive precipitation record when combined with the blanket peat humification record 

indicated that blanket mire surface wetness has in many instances a strong temperature 

control and may not be as sensitive to changes in precipitation as had been previously 

thought (Sections 9.2.2, 9.4). 

Section 2.6 outlined the strong control westerly air streams had on the amount of 

precipitation within north-west Scotland. The predominance of such westerlies and 

orographic enhancement accounts for the high precipitation and milder temperatures 

within the west and the strong west-east precipitation gradient. Anticyclonic systems 

have a predominant north-easterly airflow. In winter these systems draw dry cold arctic 

air south and westwards resulting in very cold and dry conditions. In summer these 

stable air masses generate increased rainfall in the east and very much reduced rainfall 

in the west and predominantly higher temperatures. If these anticyclonic systems 

persist both during summer and winter, blocking westerly air flows, then drought 

conditions can result in north-west Scotland. Therefore long-term changes in the 

amount of precipitation could result from variations in the number of westerly versus 

the number of anticyclonic air masses dominant over north-western Scotland. Section 

1.3 discussed how such changes in atmospheric circulation patterns over the northern 

Atlantic ocean, in particular changes in westerly storm tracks, controlled the amount of 

precipitation over Greenland and were cited as a possible controls on precipitation 

within the Atlantic margins. Within Glen Affric abrupt changes in Holocene 

precipitation could therefore be as a response to changes in atmospheric circulation 

patterns with reduced precipitation associated with prevailing anticyclonic systems 
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during both summer and winter and increased precipitation associated with prevailing 

westerly air flows. 

9.2.2 SPATIAL CLIMATIC VARIABILITY 

In the above synthesis it is noted that there are several instances of spatial variability in 

both temperature and precipitation within Glen Affric. The blanket peat transect within 

the glen is around 12 km long with such spatial variability interpreted as reflecting very 

steep gradients for these climatic variables. It is proposed that such spatial variability 

may be in response to changes in the atmospheric circulation patterns discussed above. 

Precipi tation 

Between c. 3900-2600 BP there are several abrupt and often short-lived fluctuations in 

lake-level (precipitation, Table 9.1) which, as suggested above, could reflect changes in 

air circulation patterns. However, mire surfaces during this period remained dry except 

at the most westerly mire (BP4, Section 8.5) which shows abrupt short-lived 

fluctuations to increased mire surface wetness synchronous with increases in 

precipitation. If as proposed increases in precipitation represent the dominance of 

westerly air flows, this mire may have become wetter as a response to orographically 

enhanced rainfall with the remaining mires in the east receiving less rainfall and 

maintaining a drier surface, possibly in conjunction with higher temperatures. Similarly 

between c. 1850-1620 BP (1800-1550 cal. BP) during this period of higher rainfall 

mires in the west appear to have become wetter owing to the spread from the west of 

increased precipitation and possible orographic enhancement. 

Temperature 

Although long-term changes in precipitation can be proposed as variations in the 

dominance of either westerly or anticyclonic systems, long-term temperature changes 

are less easy to define as a response to changes in atmospheric circulation. Westerly air 

flows generate milder temperatures during the winter, but cooler summer temperatures, 

whereas anticyclonic air flows generate cooler winters but warmer summers (Section 

2.6). It is thought that longer term changes in temperature are more likely to be 

associated with changes in sea surface temperatures (Jones and Hulme 1997). Climate 

defined as dry and warm at c. 7000-6000 BP (7800-6900 cal. BP) could therefore be in 
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response to predominantly anticyclonic circulation patterns but with higher sea surface 

temperatures. Similarly predominant anticyclonic patterns but under cooler sea surface 

temperatures could explain periods of cool and dry climate c. 7000 BP (7800 cal. BP), 

c. 5000-4600 BP (5700-5200 cal. BP) and c. 1620-1300 BP (1530-1250 cal. BP). 

Between 4300-3900 BP (4800-4350 cal. BP) cooler and wetter climate throughout the 

glen could be in response to predominantly westerly airflows but under conditions of 

cooler sea surface temperatures. 

Section 2.6 outlined how at a local scale present-day temperatures in Glen Affric along 

the western oceanic margins are ameliorated owing to the presence of the warmer North 

Atlantic currents. Therefore changes in North Atlantic sea surface temperatures could 

explain some ofthe spatial temperature variations noted within Glen Affric. Between c. 

5600-4600 BP (6900-5200 cal. BP) is a period oflow precipitation but mire surface 

wetness data would suggest that in the west, between c. 5600-5000 BP (6900-5730 cal. 

BP), it is cool and dry. Cooler Atlantic sea surface temperatures could control 

temperature within the west during this period of predominant anticyclonic atmospheric 

circulation. The abrupt short-lived increase in precipitation at c. 5000 BP (5730 cal. 

BP) could be as a result of a period of more westerly airflow, with a further period of 

lower precipitation between 5000-4600 BP (5730-5200 cal. BP) in response to the re

establishment of anticyclonic conditions and sti11lower sea surface temperatures to 

maintain the cooler climatic conditions. A period of lower precipitation between c. 

1620-1300 BP (1550-1250 cal. BP) records cooler conditions in the west with this 

spatial variability again possibly reflecting the control of cooler sea surface 

temperatures during a period of predominant anticyclonic atmospheric circulation. 

Between c. 2050-1850 BP (2000-1840 cal. BP) lower precipitation and drier mires 

suggest drier climate; however, mires within the west are wetter, suggesting that 

perhaps temperatures are cooler in the west, possibly a response to cooler sea surface 

temperatures. 

Warmer Atlantic sea surface temperatures could also have caused the spatial variability 

noted between c. 4300-3900 BP (4800-4350 cal. BP), a period described as cool and 

wet; however, drier mire surfaces at the same time in the west would suggest locally 

warmer climates. Similarly between c. 2900-2050 BP (3100-2000 cal. BP) a period of 

increased precipitation, under increased westerly air flow, mires throughout the glen are 
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wetter but from around 2500 BP (2550 cal. BP) mires in the west become drier 

suggesting an increase in temperature and proximity to warmer sea surface temperature 

could control the temperature and thus mire surface wetness in the west. 

There is a complex response within mire surfaces to an increase in precipitation around 

3000 BP (3200 cal. BP) and a subsequent period of drier climate until c. 2600 BP (2700 

cal. BP). The most easterly mire surface becomes wetter from around 3000 BP (3200 

cal. BP) and remains wetter during the subsequent dry period suggesting cooler climates 

in the east. Throughout the rest of the glen mires remain dry even during the period of 

increased precipitation suggesting warmer conditions in the west. Warmer sea surface 

temperatures during this period could have controlled temperature in the west relative to 

the east. 

The spatial variability discussed above requires the establishment of very extreme 

climatic gradients in both temperature and precipitation, steeper gradients than exist at 

present. The spatial variability noted within the glen is often a result of one blanket 

mire site generating anomalous climatic data. Each mire site was selected to ensure 

maximum climatic sensitivity (Section 8.1.1) but the response of mire surface wetness 

to local hydrological controls cannot be overlooked. However, as outlined in Section 

8.7 controls such as large-scale shifts in woodland cover were shown for one blanket 

mire site (BP2) to be unimportant in controlling surface wetness. Section 2.6 discussed 

how factors such as aspect, slope, topography and wind direction all influence climatic 

variables at a local scale. However, to have been recorded within the blanket mire 

stratigraphy these local climate control factors would have had to have been persistent 

over time. It is proposed that such spatial variability did exist throughout the Holocene 

and was in response to changes in atmospheric circulation patterns and, potentially, 

changes in sea surface temperatures. 

The record of Holocene climate change discussed above indicates that climate was 

highly variable in terms of shifts in both temperature and precipitation with these 

variables not necessarily linked with some cooler and wetter phases but also cooler and 

drier events. Many of these shifts are abrupt in both temperature and precipitation with 

many shifts short-lived, near instantaneous in duration. There are few prolonged 

periods of stable climate, only in the early Holocene between c. 9400-8750 BP (10 600-
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10000 cal. BP) when climate was wetter and between c. 8750-6000 BP (10 000-6900 

cal BP) with predominant dry and warm climate. However, this period is interrupted by 

two abrupt, near instantaneous shifts with drier and cooler climate at c. 7000 BP (7800 

cal. BP) and wetter and warmer climate at c. 6280 BP (7200 cal. BP). 

The intensity of climate shifts is less well defined, in particular in terms of temperature 

with shifts described as relative shifts to either warmer or cooler temperatures (Figure 

9.1). There are several shifts in precipitation that can be defined in terms of relative 

intensity. Events at c. 6280 BP (7200 cal. BP), c. 5000 BP (5700 cal. BP), and c. 3000 

BP (3200 cal. BP) are described as high-intensity increases in precipitation, with the 

event at c. 2400 BP (2350 cal. BP) considered as higher intensity. The intensity of other 

shifts in rainfall, in particular periods of reduced precipitation, are less well defined. 

This lack of definition is as a result of not being able to determine actual changes in 

lake-level and the change in water depth associated with each lake-level rise and fall. 

Changes in atmospheric circulation patterns above north-west Scotland during the 

Holocene provide the best mechanism to explain the often abrupt and short-lived 

climatic shifts to both increased and decreased precipitation within Glen Affric. It is 

proposed that the position of these atmospheric systems controlled the spatial variability 

recorded through the glen and would have led to the establishment of at times, very 

steep climatic gradients. The potential control of changes in sea-surface temperature on 

Holocene temperatures and the spatial variability within Glen Affiic is further explained 

in Section 9.5. 

9.3 CLIMATE CHANGE AND GEOMORPHIC ACTIVITY WITHIN THE 

LOCH COULAVIE CATCHMENT. 

Section 7.7.1 (Table 7.4) explained that a series of coarse minerogenic sediments 

deposited within the deeper water cores of Loch Coulavie were probably a result of 

fluvial transport and deposition within the basin. It is proposed that the fluvial inputs 

recorded at c. 6200 BP (7060 cal. BP) and between c. 5120-4900 BP (5910-5610 cal. 

BP) are in response to periods of increased precipitation recorded at c. 6280 BP (7200 

cal. BP) and c. 5000 BP (5700 cal. BP), with lower temperatures associated with the 
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event at c. 5000 BP (5700 cal. BP). Other fluvial depositional events within the deeper 

water lacustrine sedimentary record are also associated with rising lake-levels and 

increased precipitation (Section 7.7.1, Table 7.4) but sedimentologically are less well 

defined than the events outlined above. 

This simplistic interpretation of climatic forcing needs to be seen with other controls on 

fluvial activity and sediment transport within the basin (Section 3.2.2). Ballantyne and 

Whittington (1999) and McEwen (1997) suggest that three hypotheses can be proposed 

to explain episodes of geomorphological activity in upland Britain during the Holocene: 

1) The anthropogenic hypothesis- reflecting a response to human disturbance of 

vegetation cover through burning, clearance, cultivation or grazing. 

2) The climatic hypothesis- a response to regional climatic deteriorations. 

3) The extreme event hypothesis- responses are unrelated to climate change or 

anthropogenic impact but instead reflect the destabilisation of slopes during 

infrequent storm events. 

Identifying a single hypothesis to explain the geomorphological response is problematic 

because 

a) The three hypotheses are not mutually independent with anyone acting to alter 

thresholds operating within the geomorphic response of the system. Thus slope 

destabilisation, increasing erosion and sediment supply may be through a 

combination of these mechanisms and not as a response to one single factor. 

b) The response of the geomorphic system to these forcing mechanisms may alter 

through time (cf Brazier et al. 1988). 

c) The record of sediment deposition within geomorphic features is often incomplete, 

or buried beneath other more recent activity. The preservation of only more recent 

activity may lead to a bias in the record (cf Innes 1983). 

d) The evidence required to link periods of increased anthropogenic activity and 

geomorphic response is often insecure with a reliance on the apparent coincidence 

of timing between local geomorphic events and vegetation history interpreted from a 

regional palynological record. 
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e) The interpretation of the climatic control on geomorphic activity is often made using 

a record of Holocene climate change that is inaccurate, ambiguous and spatially 

poorly resolved (cf Tipping 1995a). 

Within the Loch Coulavie catchment area palynological data provide a record of 

Holocene vegetation changes and periods of increased anthropogenic activity «Davies 

1999; Sections 4.7.1, 4.7.2, Table 4.1, Figure 4.5). Major changes in vegetation type 

occur at around 6550 BP (7400 cal. BP) with the transition from a mixed woodland to 

the establishment and dominance of Scots Pine woodland. Around 3975 BP (4110 cal. 

BP) there is an abrupt reduction of pine woodland and at around 3600 BP (3890 cal. 

BP) the palynological record indicates the increased spread of blanket peat. However, 

blanket peat inception data from low-lying « 300m OD) bedrock knolls close to Loch 

Coulavie (Section 8.6, Figure 8.1) indicate a much earlier date for blanket peat 

accumulation, between c. 9520-9055 BP (11029-10217 cal. BP). These data suggest 

that within the Loch Coulavie area blanket peat has been present from the early 

Holocene and may have been present from a similar date within the basin catchment. 

The effectiveness of blanket peat in dissipating increased rainfall was discussed in 

Section 3.2.2 and thus increasing blanket peat cover within the catchment would be 

unlikely to alter hydrological inputs and, potentially, sediment inputs to the basin. 

However, as discussed in Section 4.4 the presence of blanket peat within the catchment 

can affect sediment supply with increased blanket peat cover effectively stabilising 

slopes and reducing sediment supply. 

Anthropogenic activity within the area appears to have begun around 2760 BP (2850 

cal. BP) with the rise of grassland taxa indicating grazing activity, which is thought to 

have intensified from c. 1250 BP (1170 cal. BP) and c. 550 BP (540 cal. BP) with 

increased burning, and pastoralism and cultivation. However, this was always low 

intensity. The minerogenic soils on the alluvial fans above Loch Coulavie are cited as 

potential areas for this agricultural activity (Davies 1999). Comparison of the Loch 

Coulavie sediment stratigraphy and the palynological record suggests that there is no 

evidence to imply that periods of min erogenic inputs are chronologically synchronous 

with either periods of vegetation change or anthropogenic activity. 
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Within upland and northern Scotland there is increasing evidence to suggest that 

geomorphic events and sediment reworking may have been triggered by single extreme 

events that need not be associated with periods of climatic deterioration (Curry 2000; 

Ballantyne and Whittington 1999; Hinchcliffe 1999; Brazier and Ballantyne 1989). 

However, it is problematic to define such a forcing mechanism for such events from the 

geomorphic record as this record is often incomplete with geomorphic activity 

preserved as single, apparent one-off events. Within the continuous lacustrine sediment 

record at Loch Coulavie geomorphic activity is recorded and chronologically well 

defined as single events and as clusters of events. 

At Loch Coulavie it is proposed that periods of increased fluvial activity could represent 

a response to extreme (storm) events but that these events were occurring during periods 

of increased precipitation. In particular at c. 5000 BP (5700 cal. BP) a series of three 

fluvial input events is recorded in one period (Section 7.7.1, Table 7.4). Climatic data 

(Section 9.2) would suggest that this period was also cooler indicating that a 

combination of increased precipitation and lower temperatures could have triggered this 

period of more intensive fluvial activity and sediment transport. 

At Loch Coulavie the lacustrine sediment record would suggest that such fluvial activity 

continued throughout the Holocene (Section 7.7.2). Sedimentologically these events are 

less well defined as those discussed above but are still thought to represent periods of 

increased fluvial activity and sediment input but perhaps of a lower magnitude. The 

role of increased blanket peat cover and sediment supply has already been mentioned. 

Peat inception data (Section 8.6) would suggest that peat accumulation within the low

lying bedrock areas of the Coulavie catchment was relatively early, from around 9500 

BP (11 000 cal. BP). What is not defined is the rate and timing ofthe spread ofthis 

blanket peat into the Loch Coulavie catchment but with such an early date for inception, 

peat could have covered much of the catchment from the early Holocene. This would 

suggest that sediment transported during fluvial events between c. 6300-5000 BP (7200-

5700 cal. BP) originated in a catchment with perhaps a well established blanket peat 

cover. Climatic data would suggest that further periods of increased precipitation 

occurred and had similar intensity to those associated with geomorphic activity between 

c. 6300-5000 BP (7200-5700 cal. BP). Therefore perhaps what has been measured is 

the relatively high intensity of fluvial events a c. 6280 BP (7200 cal. BP) and, in 
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particular at c. 5000 BP (5700 cal. BP) as compared to the subsequent more frequent 

fluvial events of a lower intensity. Sedimentological data discussed in Section 7.7.2 

also suggested that internal lacustrine sedimentary processes may also have contributed 

to the apparent reduction in magnitude of these later Holocene fluvial events. 

9.4 HOLOCENE CLIMATE CHANGE WITHIN NORTH WEST SCOTLAND 

The regionality of climatic shifts proposed for Glen Affric is further defined through an 

examination of other climatic records generated within north west Scotland (Section 

1.4, Tables 1.2, 1.3). Many of these climatic records, in particular those of Anderson 

(1998, 1996) and Binney (1997), are based on the interpretation of blanket mire surface 

wetness records and so are defined as shifts to either drier and/or warmer and wetter 

and/or cooler climatic conditions. Thus synchroneity and asynchroneity of the Glen 

Affric climatic record with these events will further define the regional climatic record 

in terms of precipitation and temperature. 

It is proposed that the early Holocene at Loch Coulavie c. 10 000- 9400 BP (11500-

10600 cal. BP) was drier with lower lake-levels with perhaps more than one lower lake

level event. However, these lower lake-levels are poorly defined. Within north-west 

Scotland there is evidence for a similar early Holocene period of lower lake-level (Lowe 

1993) with reduced water levels from sites in Skye (Benn et al. 1992; Lowe and Walker 

1991) and Mull (Walker and Lowe 1987) providing further evidence of a regional 

climatic shift to warmer and drier conditions. 

There are few instances of synchroneity between the regional climatic record (Tables 

1.2, 1.3) and that generated from Glen Affric (Table 9.2). Between 8750-7000 BP (10 

000-7800 cal. BP) the climatic record at Glen Affric indicates a prolonged period of 

drier and warmer climate. Anderson (1996) records a comparable shift at around 8100 

BP (9100 BP). However, Anderson records this shift as a single short-lived event 

which commenced up to 600 radiocarbon years later than the much more prolonged 

shift at Glen Affric. This poor regional synchroneity for such a pronged event may 

indicate a lack of climatic sensitivity within the regional data set (see below). Other 

synchronous events occur at between c. 5600-5000 BP (6350-5700 cal. BP) with a drier 
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shift at Glen Affric synchronous with a regional period of drier and/or warmer climate 

between c. 5350-5100 BP (5950-5800 cal. BP) (Anderson 1996, 1998). A regional shift 

to wetter and/or cooler climate at around 2700-2400 BP (3000-2350 cal. BP) (Anderson 

1996, 1998; Anderson et al. 1998; Binney 1997) is synchronous with a shift to 

increased precipitation within Glen Affric between c. 2900-2050 BP (3100-2000 cal. 

BP). A shift to wetter and/or cooler climate as defined by the mire surface wetness 

record within Glen Affric from c. 800 BP (700 cal. BP) is synchronous with a similar 

regional climatic shift from c. 950 BP (900 cal. BP) (Anderson 1998, 1996; Anderson et 

al. 1998). 

There are, however, several instances where the regional mire surface wetness record 

directly contradicts the record generated from Glen Affric which would suggest that 

there may be climatic complacency within the regional climate record. Climatic 

insensitivity within the regional data set is highlighted by the poor definition of 

temperature control on mire surface wetness, discussed next. 

Within the region, mire surfaces and vegetation dynamics (Anderson 1996; Bridge et al. 

1990) would suggest a shift to drier and/or warmer conditions at around c. 6800 BP 

(7600 cal. BP). However, within Glen Affric at around 7000 BP (7800 cal. BP) lower 

lake-levels indicate low precipitation but mire surfaces are wetter suggesting a strong 

temperature control, with drier and cooler conditions. There is a further direct 

contradiction within the data sets at around 5800-5400 BP (6500-6000 cal. BP) with 

strong regional synchroneity for a shift to wetter and/or cooler climate (Anderson et al. 

1998; Anderson 1996; Bridge et al. 1990). Within Glen Affric high lake-levels suggest 

that at around 6000-5600 BP (6900-6350 cal. BP) the climate was wetter but the mire 

surfaces were drier, indicating that the climate was also warmer. Thus suggesting that 

although there is a regional shift to wetter climate this wet shift was not recorded by 

wetter mire surfaces within Glen Affric, as it is elsewhere within the region. 

A series of abrupt changes in climate between c. 4500-3250 BP (5200-3500 cal. BP) is 

considered to operate on a regional scale within north-west Scotland (Tables 1.2, 1.3) 

(Anderson 1998, 1996; Anderson et al. 1998; Binney 1997; Bridge et al. 1990). These 

shifts consist of a wetter and/or cooler shift at around 4500 BP (5200 cal. BP) followed 

by a period of drier and/or warmer climate between c. 4400-3800 BP {5000-4150 cal. 
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BP} with a subsequent shift to wetter and/or cooler climate from c. 3650-3250 BP 

(3900-3500 cal. BP). However, climatic data within Glen Affric suggest a different 

climate pattern for this period although the mire surface wetness record does suggest 

similar abrupt changes to alternating wetter, drier and wetter mire surfaces. 

Within Glen Affric between c. 5000-4600 BP (5700-5200 cal. BP) there is evidence to 

suggest wetter mire surfaces but that these mire surface are wetter predominantly due to 

lower temperatures. Between 4600-3900 BP (5200-4350 cal. BP) there is a series of 

abrupt changes in mire surface wetness, but the lake-level record would suggest that 

these shifts are in response to shifts in temperature and not precipitation. A short-lived 

shift to drier mire surfaces at c. 4600-4300 BP (5200-4800 cal. BP) occurs under 

prevailing conditions of increased precipitation. These drier mire surfaces throughout 

the glen are presumed to have developed in response to higher temperatures. This shift 

to warmer though wetter climatic conditions is earlier and shorter-lived than the 

regional shift to a drier and/or warmer climate at c. 4400-3800 BP (5000-4150 cal. BP) 

outlined above. Between c. 4300-3900 BP (4800-4350 BP) increasingly wetter mire 

surfaces within Glen Affric are thought to be in response to a shift to relatively cooler 

temperatures. This shift to wetter and cooler climatic conditions is earlier but of a 

similar duration to the more regional shift to a wetter and/or cooler climate at c. 3650-

3250 BP (3900-3500 cal. BP) described above. The similar nature of changes in mire 

surface wetness recorded at Glen Affric could suggest that regional changes may also 

have been controlled by temperature and may not represent shifts in precipitation (see 

below). 

However, the chronology suggests that these shifts in temperature are not synchronous 

within the region, with temperature shifts occurring earlier at Glen Affric. At c. 1700 

BP (1500 cal. BP) a regional shift to drier and/or warmer conditions (Anderson 1998, 

1996; Anderson et al. 1998) is synchronous with a shift to drier mire surfaces but with 

increased precipitation within Glen Affric indicating that regionally this was a warmer 

and wetter period. The above discussion highlights that regional climatic shifts have 

previously been rather poorly defined in terms of temperature and its control on the mire 

surface wetness record. 
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The lack of correlation between the Glen Affric data set and what is considered a 

regionally well defined, sensitive climatic record for north west Scotland (Anderson 

1998; Anderson et al. 1998) as outlined above, is thought to be due to climatic 

complacency within the regional record. There are several factors which may have 

contributed to this: 

1) as outlined above, the regional record (Tables 1.2, 1.3) is poorly defined in tenns of 

temperature and precipitation. There are several instances recorded within the Glen 

Affric record, discussed above, where variations in mire surface wetness were 

probably controlled by each climatic variable operating independently. The record 

from Glen Affric highlights the need for a mUlti-proxy approach, with proxies of 

differing climate sensitivities used. 

2) critical to the climatic interpretation of changes in mire surface wetness is site 

selection (Section 8.1.1). Blanket mire sites must be ombrotrophic and 

hydrologically isolated, with the only hydrological input being precipitation. 

Blanket mire sites selected by Binney (1997) and Anderson (1998, 1996) may be 

less climatically sensitive (Section 1.4). In using mire surface wetness data-sets at 

different altitudes, Binney (1997) introduces site-specific contrasts in the ways 

temperature and precipitation interact which may not allow replication between 

sites. In addition several sites selected by Binney (1997) are valley-side mires that 

have a large catchment area and thus are not hydrologically isolated and may be less 

sensitive to changes in effective-precipitation. Anderson (1998, 1996) discusses the 

hydrologic isolation of his sites, with sites located away from water sources such as 

rivers. However, all the sites he investigated are basins. Thus although these sites 

may only receive a limited amount of water other than through precipitation, this 

water will still pond within the basin dampening the sensitivity of the mire to 

changes in effective-precipitation. In addition palynological analysis from these 

sites records large-scale vegetation shifts on and around the site. Given the complex 

interaction between climate change, vegetation dynamics and surface hydrology, 

Anderson (1998, 1996) creates circularities in defining climatic change from such 

vegetation changes and fluctuations in mire hydrology. There is therefore some 

concern that the regional record generated from earlier data-sets (Tables 1.2, 1.3) 

may be climatically complacent and perhaps may have only recorded larger scale 

shifts in effective precipitation. 
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3) within the Glen Affric data set the start of a climatic shift was defined as where the 

value of the proxy variable began to increase or decrease (Sections 5.4, 5.6). This 

definition of the start of a climatic shift is not applied to other regional data sets (cf 

Anderson 1998, 1996) where the peak value of a proxy variable is taken as the time 

of a climatic shift. Such chronologically defined climatic shifts underestimate both 

the duration of the shift, with the time taken to reach the peak value not taken into 

account, and the actual start of the shift, thus generating regionally a different 

chronological framework for climatic events. 

4) blanket mire sites investigated in Glen Affric were carefully selected to maximise 

the climatic sensitivity of each site. The strong correlation of shifts in mire surface 

wetness indicate that these sites are sensitive to climatic change within the valley 

(Section 8.7). However, there was variability between the sites. It is critical 

therefore to interpret climatic data from more than one site within an area, with data 

from Glen Affric suggesting that variability between sites can be in response to very 

localised factors, such as potential climatic gradients. 

This apparent lack of regional synchroneity of Holocene climate change, potentially due 

to the factors discussed above, stresses the need for further regional palaeoclimatic 

research with critical and sensitive site selection and the use of unambiguous climate 

proxies before accepting any palaeoclimate record as a regionally secure record (cf 

Macklin et al. 2000). 

9.S POTENTIAL CLIMATE FORCING MECHANISMS 

The role of the Atlantic Ocean in controlling both temperature and precipitation patterns 

within Glen Affric at the present day was discussed in Section 2.5. In Section 9.2 

similar controlling factors with an emphasis on atmospheric circulation patterns were 

proposed as potential controlling factors for climatic change during the Holocene. To 

test for such controls the Glen Affric data set was compared to data indicating changes 

in Atlantic ocean circulation patterns, using records of Atlantic sea surface temperatures 

(Bond et al. 1997) and atmospheric temperature changes as defined by the ice core 

record in Greenland (O'Brien et al. 1995) (Table 9.2). 
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Climatic Change in Glen Affric O'Brien et al. (1995) Bond et al. 
(1997) 

Wet and warm Wet and cool Wet Dry and warm Dry and cool Dry Warm Cool Cool 
c. 0-600 BP (0-
600 cal. BP) 

c. 430-550 Bp· 
(500-540 cal. BP) 

c.800-1300 c. 640-1050 BP 
Bp· (700-1250 (610-960 cal. BP) 
cal. BP) 

c. 1300-1620 BP c. 1600 BP (1400 
(1250-1530 cal. cal. BP) 
BP) 

c. 1620-1850 BP c. 1600-2800 BP 
(1530-1850 cal. (1500-2700 cal. 
BP) BP) 

c. 1850-2050 BP 
(1800-2000 cal. 
BP) 

c. 2050-2900 c. 2300-2900 BP c. 2700 BP (2800 
BP (2000-3100 (2400-3100 cal. cal. BP) 
cal. BP) BP) 

c. 2900 BP (3100 
cal. BP) 

c. 3000-3350 BP 
(3200-3650 cal. 
BP) 

c. 3350-3600 BP 
(3650-3950 cal. 
BP) 

c. 3600-3900 BP 
(3950-4350 cal. 
BP) 

c. 3900 BP (4350 
cal. BP) 

c.3900-4300 BP c. 4000 BP (4300 
(4350-4800 cal. BP) cal. BP) 

Table 9.2 Summary of Holocene climatic record for Glen Affric as compared to a record of atmospheric temperature over Greenland (O'Brien et al. 1995) and changes m 
North Atlantic Ocean circulation (Bond et al. 1997). • based on effective precipitation record therefore wetter and/or cooler and drier and/or warmer. 
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Climatic Change in Glen Affric O'Brien et al. (1995) Bond etal. 
(1997) 

Wet and warm Wet and cool Wet Dry and warm Dry and cool Dry Warm Cool Cool 
c.4300-4600 BP c.4400-5400 BP 
(4800-5200 cal. (5000-6100 cal. 
BP) BP) 

c. 4600-5000 BP 
(5200-5700 cal. 
BP) 

c. 5000 BP (5700 c. 5200 BP 
cal. BP) (5900 cal. BP) 

c. 5000-5600 BP 
(5700-6350 cal. 
BP) 

c. 5600-6000 BP c.56oo-7100 BP 
(6350-6900 cal. (6300-7900 cal. 
BP) BP) 

c. 6000-6280 BP 
(6900-7200 cal. 
BP) 

c. 6280 BP (7200 
cal. BP) 

c. 6280-7000 BP 
(7200-7800 cal. 
BP) 

c. 7000 BP (7800 c. 7000-7800 BP c. 7400 BP (8200 
cal. BP) (7800-8800 cal. cal. BP) 

c. 7000-8750 Bp· BP) 
(7800-10 000 cal. 
BP) c. 8250-9500 BP 

c. 8750-9400 (9300-10600 cal. c. 8600 BP 
BP( \0 000- \0 600 BP) (9500 cal. BP) 
cal. BP) c. 9100 BP 

c. 9400-10000 BP (10300 cal. BP) 
(10600-11 500 c.9800 BP 
cal. BP). (II 100 cal. BP) 

----------

Table 9.2 Continued. 
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From the data presented in Table 9.2 the climatic data generated within Glen Affric 

show good correlation with both the Greenland temperature record and the North 

Atlantic Ocean record, suggesting that interactions between atmospheric and oceanic 

circulation within the North Atlantic controlled Holocene climate change within Glen 

Affric. Cooler sea surface temperatures at c. 7400 BP (8200 cal. BP), c. 5200 BP (5900 

cal. BP), c. 4000 BP (4300 cal. BP) and c. 1600 BP (1400 cal. BP) are synchronous with 

cooler climates within Glen Affric. At c. 4000 BP (4300 cal. BP) and c. 5200 BP (5900 

cal. BP) climate in Glen Affric is wetter and cooler and events at c. 7400 BP (8200 cal. 

BP) and c. 1600 BP (1400 cal. BP) are associated with dry and cool climate in Glen 

Affric. Cooler sea surface temperatures at c. 9100 BP (l0 300 cal. BP), c. 8600 BP 

(9500 cal. BP) and c. 2700 BP (2800 cal. BP) correspond to wetter climate within Glen 

Affric. Similarly phases of cooler atmospheric temperatures at c. 4400-5400 BP (5000-

6100 cal. BP) and c. 7000-7800 BP (7800-8800 cal. BP) also correspond to periods of 

cooler climate within Glen Affric. 

Phases of warmer atmospheric and oceanic temperatures between c. 5600-7100 BP 

(6300-7900 cal. BP) correspond to a series of abrupt shifts in precipitation in Glen 

Affric but that temperature data would suggest that this period was also warmer. Other 

periods of warmer atmospheric and oceanic conditions at c. 8250-9500 BP (9300-10 

600 cal. BP), c. 1600-2800 BP (1500-2700 cal. BP) and c. 640-1050 BP (610-960 cal. 

BP) correspond to wetter climatic conditions in Glen Affric. Warmer oceanic 

temperatures between c. 2700-4000 BP (2800-4300 cal. BP) correspond in Glen Affric 

to a period of abrupt changes in precipitation with wetter periods defined as wet and 

warm but temperature for drier periods remains undefined. It would appear that during 

warmer atmospheric and oceanic phases precipitation within Glen Affric is highly 

variable. 

These prolonged periods of warmer oceanic and atmospheric conditions are associated 

in Glen Affric with abrupt and often short-lived shifts in precipitation this would 

suggest that the current data on North Atlantic atmospheric and oceanic conditions 

cannot be used to predict what is happening to the terrestrial climate. Recently 

however, Chapman and Shackelton (2000) have identified high-frequency fluctuations 

in North Atlantic ocean circulation operating on 550-year and 1000-year as well as a 

1500-year periodicity, agreeing with oceanic circulation data as proposed by other 
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workers (see above). The authors propose that these centennial to millennial 

fluctuations in ocean circulation within the North Atlantic are a control for climate 

change within the region. Therefore the series of abrupt and often short-lived changes 

in precipitation in Glen Affric which do not appear to correspond to current oceanic and 

atmospheric data (Table 9.2) could be in response to these higher frequency fluctuations 

in oceanic circulation. 

In Section 9.2 west-east temperature gradients were proposed to explain blanket mire 

surface wetness variability within Glen Affric, with such variability possibly a response 

to changes in sea surface temperatures. Cooler sea surface temperatures at c. 5200 BP 

(5900 cal. BP) and at c. 1600 BP (1400 cal. BP) do correspond to periods where 

temperatures within Glen Affric were cooler in the west as compared to the east. But 

cooler climates in the west at c. 2050-1850 BP (2000-1800 cal. BP) do not correspond 

to cooler sea surface temperatures. Periods where it is thought to be locally wanner in 

the west at c. 3900-4300 BP (4350-4800 cal. BP) are associated with cooler sea surface 

temperatures. Based on the evidence discussed above, sea surface temperatures may 

have exerted a local control on temperature but it is thought more likely to have 

influenced temperatures throughout the Glen. These local temperature variations within 

the glen are interpreted from the response of one site, and as outlined in Section 8.7 

such shifts in mire surface wetness could be as a response to local climatic variability or 

hydrological controls. 

Palaeoclimatic data from Glen Affric indicate the sensitivity of this region to variations 

in both Atlantic ocean and atmospheric circulation patterns. Sections 1.2 and 1.3 

discussed the complex interactions within such oceanic and atmospheric systems which 

are linked by a series of threshold and feedback mechanisms, as indicated by the NAO. 

Such interactions could control the dominance of westerly and anticyclonic air flows 

which have been proposed as possible controls on variations in precipitation within 

Glen Affric. Further sensitivity of this terrestrial record to changes specifically in ocean 

circulation is indicated by the strong correlation between cooler temperatures in Glen 

Affric and cooler Atlantic sea surface temperatures. 
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9.6 CONCLUSIONS 

9.6.1 FULFILMENT OF AIMS 

Main Objective 

To generate an unambiguous continuous Holocene palaeoclimatic record. 

Two climate proxies, lake-level fluctuations and ombrotrophic blanket mire surface 

wetness records were defined as unambiguous. Careful site selection and a critical 

methodological approach ensured that each climate proxy was demonstrably 

climatically driven. Lacustrine sedimentation was continuous with the sedimentary 

record commencing in the early Holocene from c. 9400 BP (10 600 cal. BP). Similarly 

blanket peat accumulation was also continuous with peat inception between c. 9500-

8750 BP (11 000-10 000 cal. BP). However, within both proxies the climatic record 

from c. 1000 BP (1000 cal. BP) is poorly defined as above this date the proxy data sets 

were considered less climatically sensitive. 

1. To define climate shifts in terms of either precipitation or temperature. 

The record of fluctuations in lake-level was argued to be highly sensitive to changes in 

the amount of precipitation. Whereas, shifts in blanket mire surface wetness, record 

changes in the amount of effective precipitation (that is precipitation minus evaporation) 

and therefore contain a temperature signal. The combination of both proxy data sets has 

defined the climatic record from Glen Affric, which is shown to be highly variable in 

terms of both temperature and precipitation, with several instances of each variable 

operating independently. However, temperature variability was only defined when the 

mire surface wetness record differed from the precipitation record and thus in this study, 

for some periods this variable is probably not measurable. Although in terms of 

continuity of the record, temperature within Glen Affric is less well defined, this 

temperature record represents a major advance on currently available palaeoclimatic 

data within north west Scotland. 

2. To define intensity of climatic shifts. 

Of the two variables the intensity of temperature shifts is more poorly defined with, as 

outlined above, many shifts inferred and when recorded shifts are described, as relative 

shifts to either warmer or cooler temperatures. The intensity of precipitation was 
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similarly described as relative shifts to dry, wet or wetter shifts. However, several of 

these wet shifts were defined as higher intensity shifts of an abrupt and short-lived 

nature occurring at c. 6280 BP (7200 cal. BP), c. 5000 BP (5700 cal. BP) and c. 3000 

BP (3200 cal. BP) with a shift at c. 2400 BP (2350 cal. BP) described as very high 

intensity. Precipitation events at c. 5000 BP (5700 cal. BP) and c. 6280 BP (7200 cal. 

BP) are associated with periods of increased fluvial geomorphic activity within the 

catchment. In particular, increased precipitation and cooler climate at c. 5000 BP (5700 

cal. BP) is synchronous with a series of fluvial input events suggesting that this period 

of cold and wet climate was also a period of extensive sediment reworking and 

instability within the Loch Coulavie catchment. 

3a. To define the duration of climatic events. 

The duration of shifts in each climatic variable was defined using a secure radiocarbon 

chronology and by ensuring that within each proxy record, the onset of each shift was 

correctly identified. The climatic record showed that there were several abrupt and 

short-lived shifts in both temperature and precipitation with relatively few prolonged 

period of relative climatic stability. Only in the early Holocene are there prolonged 

periods of wetter climate between c. 9400-8750 BP (10 600-10 000 cal. BP) and a 

period of warm and dry climate between c. 8750-6000 BP (10 000 -7800 cal. BP). 

3b. To define the spatial variability of climate shifts within north west Scotland 

and Glen Affric. 

There was poor regional synchroneity between the climatic record from Glen Affric and 

north-west Scotland, suggesting that Holocene climate change may have operated on a 

more local scale than had been previously thought. However, the climate data set for 

Glen AtTric is thought to be climatically highly sensitive and more carefully defined in 

terms of both temperature and precipitation, and such definition has not been achieved 

in previous analysis within the region. It is proposed therefore that the existing regional 

data set may be climatically complacent. Within Glen AtTric climate varied spatially 

with the persistence throughout the Holocene of west-east climatic gradients in both 

temperature and precipitation, but such gradients are thought at times to have been 

much steeper than at the present day. 
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9.6.2 TESTING OF THE METHODOLOGY AND FURTHER RESEARCH. 

Central to the main objective was the definition of two sensitive climate proxies and 

obtaining an unambiguous climatic record. 

Chapter 3 outlined a methodology that could be used to determine fluctuations in lake

level from the lacustrine sedimentary record. This involved: 

1. developing sedimentological analysis techniques to define periods of allogenic 

sediment inputs. Through the comparison of grain-size data typical of lacustrine 

sedimentary processes, depositional events associated with fluctuations in lake-level 

were separated from sediment events associated with allogenic inputs. 

2. defining the response of fen surfaces to changes in lake-level. The use of 

humification analysis to determine changes in fen surface peat decay represented an 

untried application of this analysis technique. The data generated from this research 

would suggest that the response of fen peat surface wetness represents a highly 

sensitive record of changes in lake-level. 

Further palaeoclimatic investigations using lake-level fluctuations should incorporate 

this climatically sensitive response of fen systems. The research at Loch Coulavie 

would suggest that it is only when the fen peat is established that a sensitive climatic 

record is obtained. It is suggested that by looking at the response of several points 

across the fen surface (Section 3.3.4) that the magnitude of fluctuations in lake-level 

could be obtained and therefore the intensity of precipitation events further defined. 

Chapter 8 outlined the methodological approach to obtain climatically sensitive data 

from a series of blanket mire peats. It was stressed that only ombrotrophic blanket 

mires could be assumed to be climatically sensitive and that such hydrologic isolation 

may have been absent from sites investigated in previous palaeoclimatic research 

(Section 9.4). Within Glen Affnc inter-site variability although thought to reflect 

spatial climatic variability may also have been in response to local hydrological controls 

such as vegetation cover, in particular fluctuations in woodland cover. Thus to ensure 

further climatic sensitivity of ombrotrophic blanket mire sites an assessment of the 

surface vegetation needs to be made. 
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During this research the climatic interpretation of changes in humification within 

blanket peat profiles highlighted the role of the acrotelmlcatotelm transition and its 

control on the near-surface humification record. It is thought that this control on the 

humification record may have led to the misinterpretation by previous workers of 

inferred changes in mire surface wetness and therefore climatic implications (Section 

8.1.2). It is suggested that further research is required to define such internal dynamics 

fully, such as the acrotelmlcatotelm transition, within peat systems before any reliable 

palaeoclimatic interpretations can be made. 

The methodological approach of combining these two proxy data sets generated a 

Holocene climatic record that is defined in terms of both temperature and precipitation. 

Further research defining actual changes in lake-level (water depth) would further 

define this record in terms of quantifiable changes in precipitation. Similarly although 

this research defined changes in temperature, something not achieved within previous 

palaeoclimatic research for north-west Scotland, these data are described as relative 

variations only and require quantification. 
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