Dubh Lochan, UK

Dubh Lochan (56°9'N, 4°36'W, 75m above sea level) is a small lake (7.06 ha) on the eastern shore of Loch Lomond, Scotland (Stewart et al., 1984). The lochan is fed by a small intermittant stream during much of the spring and summer. There is an outflow to Loch Lomond. The lake is rather long and narrow, with a length of 550m and a mean breadth of only 128m. The maximum depth is 11.1m and the average depth is 4.8m and the catchment area is 110ha. The basin is underlain by  schist and schistose grits metamorphosed during the Carboniferous from the Precambrian and Cambrian sedimentary rocks of the Dalradian series (Anderson, 1947). The lake appears to have been formed towards the end of the Younger Dryas, shortly after the disappearance of the Loch Lomond glacier (Stewart et al., 1984). The lake has a well-developed macrophyte flora, including Nuphar lutea, Nymphaea alba, Hippuris vulgaris, Equisetum fluviatile, Juncus bulbosus, Myriophyllum alterniflorum, Lobelia dortmanna, Fontinalis antipyretica, Littorella uniflora and Isoetes lacustris, with a fringe of Phragmites communis and Carex lutea. Carr is developed at the northern end of the lake.

Two cores from the lake provide a sedimentary record covering the Holocene (Stewart et al., 1984). DLM is a 4.90m long core, taken in a water depth of 11m from the deepest part of the lake. Core DL is 6.00m long and was taken in an area Myrica-Sphagnum vegetation within the swamp and carr vegetation at the northern end of the lake. Changes in water depth are reconstructed from changes in lithology, sedimentation rates, aquatic pollen and macrophyte assemblages, and the occurrence of diatoms and sponge spicules. The diatom assemblages have not been described. The chronology is provided by five radiocarbon dates from core DLM and a single date spanning the rational limit of Corylus in a core immediately adjacent to core DL (Harkness, 1981).

The base of core DL consists of sediments variously described as very fine plastic grey clay and fine grey silt. Stewart et al. (1984) suggest that this material is typical of inwashed sediments. The unit marks the initial formation of the lake, sometime before ca 9400 yr B.P. The absence of diatoms and the limited representation of aquatics and algae suggest that lake productivity was low.

The overlying sediments in core DL (5.75-5.95m) are clayey muds, containing diatoms. The presence of macrofossils of Carex, Cyperaceae and Sphagnum are consistent with a moderately shallow lake.

The overlying unit in core DL (3.30-5.75m) consists of fine mud. Between 5.00-5.75m the aquatic macrofossil assemblage includes abundant Chara and Nitella, with  Nymphaea, Potamogeton and Naias. This assemblage is consistent with a somewhat deeper and more productive lake than formerly, as is the abundance of diatoms and sponge spicules in the sediments. In the deep-water core DLM, this interval is represented by a sequence of mud gyttja (4.49-4.90m) and homogeneous muds (4.11-4.44m) separated by a band of thinly bedded clays (4.44-4.49m). A sample from near the base of the gyttja (DLM 4.80-4.85m) is radiocarbon dated to 8709+510-480 yr B.P. (SRR-1221), and from within the homogeneous muds (DLM 4.20-4.25m) to 5909+170 yr B.P. (SRR-1220). The absence of aquatic pollen in the mud gyttja is consistent with moderately deep water. The thinly-bedded clays may represent a short-lived erosion episode, particularly as they are associated with an increased in unidentifiable pollen grains, but the preservation of laminations indicates anoxic conditions and suggests that the water remained moderately deep. The evidence from both cores, then, suggests moderately deep water conditions from ca 9000 yr B.P until ca 5800 yr B.P.

The aquatic pollen assemblage in the uppermost part of the fine mud (DL 3.30-5.00m) is characterised by extremely abundant Isoetes, with values generally between 10-40% and peak values of 60%, a shift consistent with decreased water depth. The macrofossil assemblages contain megaspores of Isoetes, statoblasts of Cristatella mucedo and detrital remnants of terrestrial mosses. Cristatella mucedo is generally found attached to macrophytic vegetation and is characteristic of water depths of ca 1-2m (Berglund and Digerfeldt, 1970). The abundance of terrestrial moss fragments is variable but particularly abundant between 4.50-5.00m and again above 3.50m, and suggests considerable erosion input to the lake. The record suggests an initial shallow phase, a moderate increase in water depth, followed by a return to shallower conditions. The sedimentary record from core DLM is consistent with this pattern. The sediments between 3.83-4.08m are banded muds and clays. This unit is overlain by mud gyttja (2.65-3.83m). The basal part of this unit (3.00-3.83m) is devoid of aquatic pollen, consistent with moderately deep water between 5580 and 4920 yr B.P. Above 3.00m there is moderately abundant Isoetes pollen and some Sphagnum, which suggests shallowing after ca 4920 yr B.P.

The sediments in the uppermost part of core DL consist of a sequence of cohesive detritus (3.02-3.30m), non-cohesive detritus (2.50-3.02m), humified peat (2.30-2.50m) and coarse peat (0.00-2.30m). Stewart et al. (1984) interpret this as indicating progressive shallowing consequent upon hydroseral development at the marginal core site. The biostratigraphic data are consistent with shallowing. Diatoms gradually become less abundant upcore, and are absent from the peats. Isoetes also declines in abundance and is absent from the uppermost part of the detritus and the peats. C. mucedo is absent from the uppermost 1m of the peat.

In core DLM the last ca 4400 yr are represented by organic muds (0.10-2.57m). Changes in the aquatic pollen assemblages may indicate slight changes in water depth during this time. Below 1.80m the assemblages are characterised by decreased abundance of Isoetes, and the presence of Potamogeton, Pediastrum and Nymphaea, suggesting a moderate increase in water depth. The disappearance of Potamogeton and Pediastrum after ca 3710 yr B.P. and the reappearance of Isoetes after ca 1500 yr B.P. suggests a progressive shallowing and may reflect the hydroseral development around the margin of the lake. 

In the status coding, low (1) is indicated by clayey mud in core DL and a macrofossil assemblage with Carex, Cyperaceace and Sphagnum; intermediate (2) by organic mud in core DLM with moderate or abundant Isoetes and no Pediastrum or Potamogeton, or intervals with abundant terrestrial moss in core DL; high (3) by fine muds in DLM with deepwater aquatics including Potamogeton and Pediastrum; very high (4) by mud or mud gyttja, devoid of aquatic pollen, in core DLM, and fine muds with Potamogeton, Nymphaea, Chara and Pediastrum in core DL.
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Radiocarbon Dates



SRR-1217  917±105  0.41-0.46m, organic mud, core DLM

SRR-1218  2707±70  1.45-1.50m, organic mud, core DLM

SRR-1219  4913±85  3.00-3.05m, mud gyttja, core DLM

SRR-1220  5909±170 4.20-4.25m, homogeneous muds 

SRR-1221  8709±510 4.80-4.85m, mud gyttja, core DLM

                          -480

SRR-984   9360±70  6m, diatomaceous mud, adjacent to core DLM



Coding



    -9400 yr B.P.      lake forms, (1)

9400-9000 yr B.P.  low (1)

9000-5800 yr B.P.  very high (4)

5800-5580 yr B.P.  intermediate (2)

5580-4920 yr B.P   very high (4)

4920-4400 yr B.P.  intermediate (2)

4400-3710 yr B.P.  high (3)

3710-1500 yr B.P.  intermediate (2)

1500-   0 yr B.P.     intermediate (2)
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Preliminary coding: 11th June 1992; Final coding: 21st July 1993

Coded by SPH and GY

�Ellesmere, UK



Ellesmere (52.9°N, 2.90°W, ca 80m above sea level) is one of a group of ca fifty small, mostly eutrophic, lowland lakes in the north  west part of the English Midlands. The lake lies in glacial drift. The area was deglaciated between 10,000 and 12,000 years ago (Farr et al., 1990; O'Sullivan, 1990). Archaeological evidence shows that the water level was several metres higher than the today during the Iron Age (Hamlin, 1988; Farr et al., 1990).   



Three cores, a 4.3m-long Livingstone core, a 1m-long Mackereth core and a 30cm-long frozen core, taken from the deepest part of the lake, provide a sedimentary record back to ca 2200 years (Farr et al., 1990; O'Sullivan, 1990). Changes in lake depth are based on changes in lithology, laminae thickness, and diatom assemblages, and broadly follow those interpreted by Farr et al. (1990) and O'Sullivan (1990). The chronology is based on a single radiocarbon date and varve counting. 



The basal sediment (450-230m) is laminated clay, suggesting moderately deep water. Changes in laminae thickness and diatom abundance allow the unit to be subdivided. Between ca 450-400cm, the laminae are very thin (7-9 laminae per cm, mean 1.3 mm thick), suggesting deep water conditions. The lower boundary is dated to around 2200 yr B.P. (Nelms, 1984). The top boundary has a radiocarbon date of 1190±60 yr B.P. (OxA-2373, 405cm). Between 400-230cm, the laminae become discontinuous. The disruption of the laminae suggests the water became shallower. The organic matter is less well preserved, which is consistent with shallow conditions. The clay is pink-brown in colour, indicating oxygenated water. Planktonic diatom species are present but are less abundant than in the lowermost part of this unit. Farr et al. (1990) and O'Sullivan (1990) interpret the changes in sediment colour and diatoms as reflecting shallower water. This interval is dated to ca 1190-680 yr B.P.



The change to gelatinous finely laminated (1-2mm thick) mud (230-100cm), suggests an increased water depth after 680 yr B.P. The diatom assemblage includes planktonic species, such as Cyclotella spp. and Stephanodiscus rotula, consistent with deep water.  O'Sullivan (1990) states this lacustrine mud was deposited in a calm, anoxic depositional environment.  This unit is dated to ca 680-290 yr B.P. 



The overlying sediment (100-10cm) is mud. The absence of  laminations suggests the lake became shallower. The diatom assemblage is characterised by planktonic species (Asterionella formosa and Aulacoseira granata), but an increase in Fragilaria spp. is consistent with decreased water depth. 



There is a layer of grey clay between 50-30cm. O'Sullivan (1990) states that this unit reflects lake-level changes caused by the construction of artificial islands in the late 18th and the early 19th centuries. 



The uppermost sediment (ca 10-0cm) is laminated mud. The laminations (ca 1-4mm thick) suggest an increase in water depth after ca 100 yr B.P. The diatom assemblage includes planktonic species, such as Stephanodiscus hantzschii and Asterionella formosa, consistent with deep water.  



In the status coding, low (1) is indicated by non-laminated mud or pink-brown clay with discontinuous laminations; intermediate (2) by laminated clay; high (3) by finely laminated mud with planktonic diatoms. The clay deposited in the late 18th and early 19th centuries as a result of human activity is not coded.
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Radiocarbon date



OxA-2373 1190±60 yr B.P.   405cm, clay.



Coding



ca 2200-1190 yr B.P.         intermediate (2)

ca 1190-680 yr B.P.           low (1)         

ca 680-290 yr B.P.             high (3)

ca 290-100 yr B.P.             low (1)

ca 100-0 yr B.P.                 high (3)   
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Preliminary coding: 14/5/1994; Final coding: 20/5/1995

Coded by GY and SPH

�Garten, UK

Loch Garten (57°13'N, 3°42'W, 220m above sea level) is a drainage loch, situated within the valley of the River Spey near the border of the Cairngorm foothills (O'Sullivan, 1974). It is one of a series of lochs occupying a former river channel which extends parallel to the modern course of the Spey, from Loch an Eilein to Nethy Bridge, just north of Loch Garten, where it rejoins the river. The lake has an area of 65 ha and a maximum depth of 5m. The catchment area is ca 600ha. 

The catchment bedrock is Moine granulites with small granite intrusions (Birks, 1970). During glacial periods ice flowed along the Spey valley, resulting in the deposition of morainic material and boulder clay. The overlying soils are acid with mor humus accumulation (Birks, 1970). 

There are three cores (O'Sullivan, 1974, 1975): a 3m long Mackereth core taken in the deepest part of the lake beneath ca 5m of water (1971 core), and 2m long core taken from the same part of the lake (1974 core), and a 1.47m long core taken beneath 1.30m of water at the south end of the lake (1968 core). Detailed pollen analysis was carried out on the shallow-water core (1968) and on the shorter deepwater core (1974), and a more rudimentary analysis (to allow cross-correlation) on the long deepwater core (1971).

Changes in water depth are reconstructed from changes in lithology, sedimentation rates and evidence for reworking of the terrestrial pollen (O'Sullivan, 1975 and Personal communication, 1984). The chronology is established by 3 radiocarbon dates from the 1971 core (O'Sullivan, 1974, 1975; Pearson and Pilcher, 1975). 

The sediments in the 1971 core consist of undifferentiated detrital mud. Samples from 2.50-2.60m and 2.70-2.80m are radiocarbon dated to 5860+100 (UB-851) and 7585+335 (UB-852) yr B.P. respectively. The apparent sedimentation rate in the basal part of the core appears very low (0.01 cm/yr), suggesting there may have been an hiatus during the early Holocene (O'Sullivan, personal communication, 1984). 



An interval of decreased water depth is indicated by the occurrence of a sandy detrital mud layer between 1.90-2.00m in the 1974 deepwater core. Pollen samples spanning the unit (top of pollen zone LG3) show abrupt changes in the terrestrial pollen sequence, with apparent declines or disappearances of some already established species and increases in species that were previously declining in abundance. These changes occur over adjacent pollen samples and so are unlikely to reflect changes in the actual vegetation cover. O'Sullivan (1975 and personal communication, 1984) suggests reworking as an explanation for the anomalies. Similar changes in terrestrial pollen are seen at the corresponding interval (LGE/LGD transition) in the 1968 shallow-water core. This interval of shallower water appears to correlate with the period of low sedimentation in the 1971 core.

On the basis of the terrestrial pollen sequence, O'Sullivan (1975) places this interval of lowered water level between ca 8000 and 6600 yr B.P.



In the status coding, low (1) is indicated by deposition of sandy detrital mud in the 1974 core, reworked pollen, and low apparent sedimentation rates in the 1971 deepwater core; high (2) is indicated by coarse detrital mud deposition and increased sedimentation rates. 
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Radiocarbon Dates



UB-850	3635±205	0.80-0.90m  detritus mud  1971 deepwater core

UB-851	5860±100	2.50-2.60m  detritus mud  1971 deepwater core

UB-852	7585±335	2.70-2.82m  detritus mud  1971 deepwater core



Coding



 ?  -8000 yr B.P.  	 high (2)

8000-6600 yr B.P.	 low (1)

6600-0    yr B.P.	               high (2)
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Preliminary coding: 3rd July 1992; Final coding: 14th July 1992

Coded by SPH

�Hockham Mere, UK



Hockham Mere (52°30'N, 0°50'E, 33m above sea level) is the now-drained site of a former small (56 ha) lake in the eastern Breckland (Bennett, 1986). The site was occupied by a lake at least until Tudor times (Bennett, 1983), and appears to have been drained after 1737 A.D. (Mosby, 1935). Today, the site is mostly occupied by alder carr but there is an oligotrophic peat bog at the western end. The catchment area of the former lake was ca 380ha and the lake basin was quite shallow with a maximum depth of 11.8m (Bennett, 1983, 1986). There is no evidence of inflow streams, and the former lake appears to have been fed by direct precipitation and a subterranean spring at its western end (Godwin and Tallantire, 1951). There is an artificial channel from the basin eastwards towards the Breckles Drain. The catchment bedrock is Upper Chalk overlain by a variety of Pleistocene deposits (Bennett, 1983). Two types of till occur, a thin (0.5-2.0m) sand drift partly due to aeolian deposition under periglacial conditions (Watt et al., 1966), and a thick blue chalky till in the north and west. The soils around the lake are drained brown earths and podzols. Most of the inflow come from sandy layers in the drift rather than from chalk groundwater (Anon, 1975). The lake probably owes its origin to chalk solution and collapse of the overlying deposits (Bennett, 1983). 



Investigations of Hockham Mere have been carried out over the last five decades. There are at least four cores through the lake sediments (DB5, DB10, Hr and HM). A 9m-long core (DB5) from the centre of the lake and a 6m-long core (DB10) from the lake margin provide a sedimentary record covering the Holocene (Godwin and Tallantire, 1951). A more recent 5m-long core (Hr) from the centre of the lake covers the last 7500 yr B.P. (Sims, 1973, 1978). A 11.85m-long core (HM) drilled in deepest part of the basin covers the last 12,620 yr B.P. (Bennett, 1983). 



The original investigors recognized several intervals of lowered lake level at Hockham Mere. The presence of a wedge-shaped lense of coarse detritus in core DB10 (2.5-3.5m) and other marginal cores was interpreted by Godwin and Tallantire (1951) as evidence of reworking of marginal sediment consequent on shallowing. Godwin and Tallantire (1951) dated this shallow interval to the Late Boreal (ca 6600-7000 yr B.P.) and argued that the lake was ca 3m lower than its natural, pre-drainage level. Sims (1978) recognized two intervals of shallowing (around 6730±120 yr B.P. and 5830±90 yr B.P.) during which the lake sediment becomes coarser and the abundance of riparian or carr-dwelling species and Alnus increases, before the Ulmus decline at ca 5000 yr B.P. Our description of water depth changes broadly follows those reconstructed by previous authors, but provides a more detailed record from the site based on changes in lithology, sedimentary structure, aquatic pollen assemblages and the remains of aquatic plants. The chronology is based on 36 radiocarbon dates from core Hr (Sims, 1973 and 1978) and core HM (Bennett, 1983).



The sedimentary sequence from all of the lake cores is basically the same. The lake deposits (below 11.85m in core HM and below 8.80m in core DB5 ) rest on coarse sand with flints and chalky pebbles. 



The onset of lacustrine sedimentation in the centre of the lake is marked by coarse sand with lake mud (8.75-8.8m in core DB5) and sandy mud with sand layers (11.85-10.0m in core HM).



Between 11.85-11.51m in core HM, the sediment is sandy mud, suggesting moderately deep water, ca 12,620-11,160 yr B.P. The aquatic assemblage is characterised by Potamogeton, Myriophyllum spicatum, Myriophyllum alterniflorum and Sparganium erectum, consistent with moderately deep water. 



Between 11.51-11.44m, the sediment is coarse sandy lake mud with high inorganic content. The coarser nature of the sediment suggests decreased water depth ca 11,160-11,050 yr B.P. The aquatic pollen assemblage is characterised by Potamogeton, Typha latifolia and Menyanthes trifoliata. The presence of Typha and Menyanthes trifoliata is consistent with shallowing.



Between 11.44-11.27m, the sediment is sandy and silty lake mud, suggesting somewhat increased depth ca 11,050-10,600 yr B.P. A decrease in Menyanthes trifoliata is consistent with deepening.



There is a layer of banded moss fragments (11.27m in core HM, ca 10,600 yr B.P.), suggesting shallow water. 



Between 11.27-11.10m, the sediment is sandy mud. The return to sandy mud suggests increased water depth ca 10,600-9560 yr B.P. Aquatics decrease in abundance, but the presence of Chara and Nitella is consistent with increased depth.



There is a layer of sand between 11.10-11.07m, suggesting a decrease in water depth  ca 9560-9460 yr B.P.

 

The overlying sediments are silty nekron mud in core DB5 (7.55-8.75m) and  detritus lake mud in core HM (11.07-10.00m, ca 9460-8900 yr B.P.), suggesting increased water depth. The unit contains remains of submerged or floating aquatics, such as Naias marina, Potamogeton, Ceratophyllum demersum and Nymphaea alba, consistent with increased water depth.



The overlying sediments are nekron mud in core DB5 (2.80-7.55m) and  lake mud in core HM (10.0-3.0m, ca 8900-4990 yr B.P.). The decrease in the detrital content of the central core probably reflects deeper water conditions. Changes in the lithology and  sedimentary structures of the marginal core and aquatic assemblages in the central core allow this unit to be sub-divided.



The preservation of laminations in the lower part of this unit (core DB5: 7.05-7.55m) indicates deep water conditions. The aquatic assemblage in core HM is characterised by Chara, Nitella, Ceratophyllum demersum, Myriophyllum verticillatum and Potamogeton, consistent with relatively deep water.



Shallower conditions are marked by a wedge-shaped  lense of coarse detritus mud (core DB10: 2.5-3.5m). Godwin and Tallantire (1951) interpreted this as material reworked during an interval when the lake was lower. From the  position of this unit in the marginal cores, they argued that the lake must have been ca 3m lower. In the centre of the lake, there is no sign of reworking but the sediment in core HM (4.8-5.2m) is slightly coarser, more highly humified and contains Sphagnum leaves  (Bennett, 1983), consistent with shallowing.  This interval is marked by coarse detritus mud deposition in core Hr (3.5-3.8m) and an increase in the detritus content in core DB5 (6.75-6.95m), again consistent with shallowing. The presence of abundant Typha latifolia, Menyanthes trifoliata and Nymphaea alba in core HM is also consistent with shallow conditions. The lake level presumably fell as low as the highest point of reworked materials, ca 3m lower than the present lake level (natural, pre-drainage level). Godwin and Tallantire (1951) dated this shallow interval to ca 6600-7000 yr B.P. Sims (1978) dated two samples from the coarser sediment in core Hr (3.8-3.9m and 3.5-3.6m) to 6730±120 yr B.P. (Q-1087, 3.77-3.94m) and 5830±90 yr B.P. (Q-1089, 3.520-3.640m). The shallowing interval between 4.8-5.2m in core HM is radiocarbon-dated to ca 7050-6600 yr B.P. (Bennett, 1983). 



A return to lake mud/nekron mud in cores HM (above 4.8m), Hr (above 3.5m) and DB5 (above 3.62m), reflects an increase in water depth after 6600 yr B.P. The aquatic assemblage in core HM is characterised by Chara, Potamogeton, Myriophyllum spicatum and Nymphaea, consistent with deep water. Laminated nekron mud is represented in core DB5 (3.5-3.62m), consistent with increased depth.



The overlying unit is detritus lake mud (0.85-3.0m in core HM, 0.90-2.3m in core Hr, 1.0-2.8m in core DB5 and 1.02-2.0m in core DB10), suggesting decreased water depth, ca 4990-1150 yr B.P. The disappearance of lamination from core DB5 reflects shallowing. The aquatic assemblage in core HM is characterised by Sparganium, Typha latifolia (3.42-1.5m) and Polygonum, Menyanthes, Ranunculus (1.5-1.0m). The presence of Typha, Menyanthes and Ranunculus is consistent with rather shallow water.



The uppermost sediment is Carex peat and oligotrophic peat (above 0.85m in core HM, 0.9m in core Hr and 1.0m in cores DB5 and DB10), probably reflecting hydroseral development in the basin after ca 1150 yr B.P. 



In the status coding: very low (1) is indicated by sand layer or moss layer in the centre of the lake; low (2) by wedge-shaped coarse mud with reworked matrix in the lake margin and coarse lake mud in the centre; moderately low (3) by coarse sandy lake mud in the centre, with Typha and Menyanthes; intermediate (4) by sandy/silty mud in the centre, with Potamogeton and Myriophyllum; moderately high (5) by detritus lake mud/nekron mud both in the margin and in the centre; high (6) by lake mud in the margin and laminated nekron mud in the centre, with Chara, Nitella, Myriophyllum and Potamogeton. Peat deposition after 1150 yr B.P. is considered to reflect hydroseral development, and is coded accordingly.



Radiocarbon dates



Q-1093  734±30    coarse detritus lake mud, 0.520-0.620m, Core Hr

Q-1090  1145±30   coarse detritus lake mud, 0.800-0.900m, Core Hr

Q-2225  1625±45   coarse detritus lake mud, 1.295-1.346m, Core HM

Q-1091  1929±35   coarse detritus lake mud, 1.100-1.200m, Core Hr

Q-2224  1980±50   coarse detritus lake mud, 2.575-2.625m, Core HM

Q-2223  2660±50   coarse detritus lake mud, 2.895-2.945m, Core HM

Q-1094  3020±45   coarse detritus lake mud, 1.700-1.800m, Core Hr

Q-1095  3910±55   coarse detritus lake mud, 2.100-2.200m, Core Hr

Q-2222  4500±100  detritus lake mud, 3.410-3.465m, Core HM

Q-1045  4585±120  detritus lake mud, 2.650-2.740m, Core Hr

Q-1046  4750±115  detritus lake mud, 2.810-2.829m, Core Hr

Q-1047  4794±115  detritus lake mud, 2.900-2.980m, Core Hr

Q-1048  4986±115  detritus lake mud, 3.000-3.080m, Core Hr

Q-1049  5210±120  detritus lake mud, 3.160-3.240m, Core Hr

Q-1089  5830±90   fine detritus lake mud, 3.520-3.640m, Core Hr

Q-2221  6010±100  fine detritus lake mud, 4.259-4.345m, Core HM

Q-1087  6730±120  fine detritus lake mud, 3.770-3.940m, Core Hr

Q-2220  7080±60   fine detritus lake mud, 5.010-5.060m, Core HM

Q-2219  7280±75   fine detritus lake mud, 5.295-5.345m, Core HM

Q-1088  7447±125  fine detritus lake mud, 4.320-4.480m, Core Hr

Q-2218  7505±90   lake mud, 6.059-6.145m, Core HM

Q-2217  8230±150  lake mud, 6.735-6.785m, Core HM

Q-2216  8250±80   lake mud, 7.695-7.745m, Core HM

Q-2215  8500±80   lake mud, 8.175-8.225m, Core HM

Q-2214  8675±60   lake mud, 9.375-9.425m, Core HM

Q-2213  8960±95   lake mud, 9.775-9.825m, Core HM

Q-2212  9040±110  lake mud, 10.25-10.305m, Core HM

Q-2211  9110±115  lake mud, 10.635-10.705m, Core HM

Q-2210  9130±600  lake mud, 10.815-10.875m, Core HM

Q-2209  9270±150  lake mud, 10.915-10.965m, Core HM

Q-2208  9390±140  lake mud, 11.000-11.040m, Core HM

Q-2207  9460±100  lake mud, 11.040-11.080m, Core HM

Q-2206  9560±95    coarse sandy lake mud, 11.115-11.165m, Core HM

Q-2205  10820±900  coarse sandy lake mud, 11.295-11.350m, Core HM

Q-2204  11160±190  coarse sandy lake mud, 11.530-11.585m, Core HM

Q-2203  12620±85   coarse sandy lake mud,  11.775-11.825m, Core HM
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Coding



12,620-11,160 yr B.P.    intermediate (4)

11,160-11,050 yr B.P.    moderately low (3)

11,050-10,600 yr B.P.    intermediate (4)

10,600 yr B.P.                very low (1)

10,600-9560 yr B.P.       intermediate (4)

 9560- 9460 yr B.P.        very low (1)

 9460- 8900 yr B.P.        moderately high (5)

 8900- 6730 yr B.P.        high (6)

 7050- 5830 yr B.P.        low (2)

 6600- 4990 yr B.P.        high (6) 

 4990- 1150 yr B.P.        moderately high (5) 

 1150-    0 yr B.P.          infilling, coded as moderately high (5)
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Preliminary coding: 7/3/1993; Final coding: 27/7/1994

Coded by GY and SPH

�Hornsea Old Mere, UK



Hornsea Old Mere (53°50'N, 0°06'W, 1m above sea level) lies just above high tide level on the coast of eastern Holderness, England. It is a dry depression but was a lake before it was breached by coastal erosion ca 2000 yr B.P. (Beckett, 1975; 1981). The lake would have been up to 300m wide and at least 500m long (Beckett, 1981), with an area of ca 15ha. The former lake occupied the eastern end of a pre-glacial valley. A large (area ca 200ha) extant mere, known as Hornsea Mere, lies to the west of Hornsea Old Mere. The two sub-basins are separated by a low gravel ridge. However, the Steam Dike drains from Hornsea Mere through this ridge and across the former lakebed of Hornsea Old Mere. A terrace 3m above the modern level of Hornsea Mere indicates an earlier highstand. At this elevation, Hornsea Mere and Hornsea Old Mere would have been joined to form a single large lake (Reid, 1885). The bedrock in the catchment is chalk (Valentin, 1957), covered by till from the last glaciation (Devensian Withernsea Till, before 13,000 yr B.P.). 

A transect of borings across the basin provides a 14m composite sedimentary record back to before 10,000 yr B.P. (Beckett, 1981). Changes in water depth are reconstructed from changes in lithology and aquatic pollen assemblages, and broadly follow those described by Beckett (1981). The Holocene chronology is based on pollen correlation with nearly radiocarbon-dated sites: Roos, ca 2km northwest (Beckett, 1975); Gransmoor Quarry, North Holderness (Beckett, 1975) and North Ferriby (Wright and Churchill, 1965). The pre-Holocene chronology is uncertain because pollen is sparse and poorly preserved.



The basal sediment (1380-1260cm) is gravelly clay. These are probably glacial deposits. Between 1260-1230cm, there is clayey fine detritus mud with silt, suggesting shallow water. The unit has sparse pollen. The overlying sediment (1230-930cm) is pinkish grey clay with occasional bands and slight organic matter, suggesting increased water depth. Above 950cm, the aquatic assemblage is characterised by Myriophyllum and abundant Sphagnum, consistent with deeper water. The upper part of unit belongs to pollen zone HO1 (945-895cm, after 10120 yr B.P.).



The overlying sediment is fine detritus mud (930-175cm), suggesting moderately deep water. Changes in the aquatic pollen assemblages allow this unit to be subdivided. 



The lower part of the unit (930-540cm) contains sparse aquatic pollen with only Myriophyllum and Sparganium. Beckett (1981) considers the absence of submerged and floating-leaved macrophytes as indicating a water depth in excess of 7.5m. This interval belongs to pollen zones HO1 and HO2 (945-755cm, ca 10,120-8507 yr B.P.) and HO3 (755-440cm, ca 8507-5099 yr B.P.), and is dated to ca 9990-5200 yr B.P. 



The aquatic assemblage between 540-175cm is characterised by an increase in Sparganium and the presence of Typha, Nymphaea, Potamogeton and Polygonum. Beckett (1981) suggests the increase in aquatic pollen indicates shallow water. This subunit belongs to pollen zone HO4 (440-255cm, ca 5099-3400 yr B.P.) and HO5 (255-155cm, after ca 3400 yr B.P.), and is dated to ca 5200-2300 yr B.P.

The overlying sediment is clayey detritus mud (175-140cm), suggesting increased water depth. The aquatic assemblage is characterised by Sparganium, Lemna and Myriophyllum, consistent with increased depth. This unit is dated to ca 1900-2300 yr B.P.



The topmost sediment is sandy clay (above 140cm). The presence of sand is thought to reflect inputs of dune sand as the result of coastal encroachment. Eventually, the Old Mere was breached and drained (Beckett, 1981). 



In the status coding: low (1) is indicated by fine detritus mud with abundant Sparganium and presence of Typha, Nymphaea, Potamogeton and Polygonum; intermediate (2) by fine detritus mud or clayey detritus mud with Sparganium and Myriophyllum; high (3) by pinkish grey clay with Myriophyllum. The deposit of sandy clay after ca 1900 is a result of coastal erosion, and is not coded.





Radiocarbon dates



Birm-405    10,120±180 yr B.P. correlated pollen zone HO1, Roos.

SRR-230    8507±55 yr B.P. correlated pollen zone HO2, Gransmoor Quarry.    

SRR-229    5099±50 yr B.P. correlated pollen zone HO3, Gransmoor Quarry.    

Q-837        3433±110 yr B.P. correlated pollen zone HO5, Gransmoor Quarry. 

Q-715        3120±105 yr B.P. correlated pollen zone HO5, Gransmoor Quarry. 
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Coding



pre 10,100-9900 yr B.P.     high (3)

ca 9900- 5200 yr B.P.       intermediate (2)

ca 5200-2300 yr B.P.        low (1)

ca 2300-1900 yr B.P.        intermediate (2)

ca 1900-0 yr B.P.              not coded
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Preliminary coding: 17/3/1994; Final coding: 22/5/1994. Coded by GY and SPH

�Linton Loch, UK



Linton Loch basin (55°52°'N, 2°37'W, 91.5m above sea level) is a former lake site, now a partially reclaimed marsh, at the northern edge of the Cheviot massif in the basin of the River Kale, a tributary of the River Teviot, which joins the River Tweed at Kelso (Mannion, 1978a). The marsh has an area of 12 ha. It is fed by several small streams, but there is no natural outflow. An artificial channel cuts through the centre of the marsh and drains to the River Kale. The present vegetation consists of open fen and marsh communities. There are two small areas of open water within the marsh. The underlying bedrock consists of Carboniferous basaltic lavas to the north, and andesitic lavas of Lower Old Red sandstone age to the south. Marls and conglomerates of Old Red Sandstone age occur to the west, in both the Teviot and Kale valleys, but these are downstream of the Linton Loch site. Superficial deposits within the basin consist of calcareous boulder clay.



The stratigraphy of the site was reconstructed from 15 boreholes along four transects (Mannion, 1978a). Pollen analysis was conducted on two cores (Mannion, 1978a): a central core (core B) and a nearshore core (core A). Core A was also used for diatom and chemical analyses (Mannion, 1978b, 1981). The chronology is provided by pollen correlation with the radiocarbon-dated site of Din Moss (55°35'N, 2°20'W; Switsur and West, 1973; Hibbert and Switsur, 1976) which lies 3 km northeast of Linton Loch. The mid-Holocene lake-level changes at the site have been discussed by Mannion (1982). 



The basal deposits, exposed only in the more marginal cores, are gravels. In all but the most central of the cores (e.g. cores 3, 15, 16, 27), the gravels are overlain by clays. The clays show a tripartite division into lower blue (grey) clays, pink clays and upper blue clays. The blue clays are calcareous. Very little pollen is found in the clays and the organic content is low. On the basis of chemical analyses, in particular changes in the sodium and potassium content, Mannion (1978a) suggests the blue clay may represent a phase of algal activity because sodium and potassium content is low, but calcium content is high, whereas the pink clay is characterised by high sodium and potassium ratios suggesting it was derived by erosion (Mannion, 1978b). The concentration of diatoms is very low. The assemblages are dominated by Fragilaria construens, F. construens var. venter and F. pinnata. Amphora spp., Cocconeis spp. and epiphytic Epithemia spp. are also recorded.



The overlying unit is white or yellow marl, containing freshwater snail shells (Planorbis, Limnaea) and Chara and Plumatella. This marl deposition is thought to represent biogenic deposition in open-water (Mannion, 1982) though probably within the littoral zone. Increasing frequencies of Myriophyllum spicatum, Typha latifolia and Nuphar lutea reflect a decrease in water depth. The marl unit is not found in the cores from the centre of the basin (e.g. cores 3, 15, 16, 27) and its thickness varies from ca 90cm in the deepwater core B to ca 2.65m in the nearshore core A. The transition to marl deposition in core A is dated to ca 9825 yr B.P.



The diatom assemblages at the base of the marl (5.20-5.80m in core A) are dominated by Fragilaria spp. but Epithemia spp. are more abundant than formerly consistent with shallowing. In the uppermost part of the marl Epithemia spp. are dominant and Fragilaria spp. are relatively scarce. Planktonic diatoms, including Cyclotella comta reach their greatest abundance during this interval.



The overlying unit is a coarse detrital mud containing freshwater snail shells (Planorbis, Limnaea), indicating a further decrease in water level. The transition to this unit in core B is dated to ca 8450 yr B.P. However, marl continued to be deposited at the core A site for much longer and the transition to detrital mud did not occur until ca 7160 yr B.P. The erratic pollen concentration values towards the top of the detritus mud unit suggests fluctuating water levels, and the presence of a thin marl band within the unit in core A may indicate a short-lived increase in water depth ca 6850-6500 yr B.P. The diatom assemblages between 1.85-2.16m in core A are characterised by an increase in epiphytic species such as Cocconeis and Achnanthes.



The overlying unit is a coarse detrital mud containing abundant terrestrial macrofossils (e.g. Corylus nuts) and wood fragments. This unit represents a continuation of the shallowing trend (Mannion, 1982). The reduction in abundance of aquatic pollen and Cyperaceae is consistent with this hypothesis. Further evidence of the lowering of water level is provided by the fact that in core B 80cm of detrital mud was deposited during pollen zone LB2 (ca 6500-5350 yr B.P.) while only 8 cm of sediment was deposited during the same interval in core A (Mannion, 1978a, 1982). The abrupt changes in terrestrial pollen assemblages in core A, which are not seen in core B, strongly suggest an hiatus in sedimentation (Mannion, 1982). The diatom assemblages are characterised by a reduction in frustule numbers, an abrupt reduction in the abundance of Cyclotella, a decline in Epithemia spp. and an increase in Fragilaria spp. Mannion (1978b, 1981) suggest that these changes are consistent with the palynological evidence of a reduction or hiatus in sedimentation.



The overlying unit in the marginal cores is a fine detrital mud or diatomaceous gyttja, indicating a return to deeper water conditions. An increase in the aquatic pollen and Cyperaceae is consistent with deeper water. The increase in the concentration of diatom frustules is also consistent with increased depth. Fragilaria spp. are the overwhelmingly dominant group. The onset of fine detrital mud deposition in core B is dated to ca 4790 yr B.P. and, as might be expected, starts somewhat later at ca 3860 yr B.P. in core A.



The uppermost unit in all cores is a fen peat. Peat overgrowth  occurs first in the more marginal sites, and is dated to ca 1780 yr B.P. in core A and ca 900 yr B.P. in core B. The presence of peat is assumed to reflect hydroseral development and marginal infilling rather a drop in lake level after ca 900 yr B.P., and is coded accordingly.



In the status coding, 0 indicats the potential hiatus in core A during pollen zone LA2; low (1) by coarse detritus mud deposition in both cores A and B or by recent peat deposition; intermediate (2) by coarse detritus mud with shells in both cores; moderately high (3) by coarse detritus mud deposition in core B and marl deposition in core A; high  (4) by marl deposition in both cores, or by fine detrital mud (algal gyttja) deposition in core B with either coarse detrital gyttja or peat deposition in core A; very high (5) by fine detrital mud (diatomaceous gyttja) deposition. Note that the lake status during clay deposition seems uncertain and, as the dating is also unclear, no attempt has been made to code this interval.
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Radiocarbon dates from Din Moss



Q-1062  5341+70	0.50-0.54m, Elm decline. LA2-LA3a boundary

Q-1063  5392+70	0.54-0.58m, Elm decline. LA2-LA3a boundary

Q-1064  5441+70	0.58-0.62m, Elm decline. LA2-LA3a boundary

Q-1065  6008+100	1.06-1.10m

Q-1066  6528+100	1.80-1.84m, Alnus rise. LA2-LA1c3 boundary

Q-1067  6708+100	1.84-1.88m, 2nd Alnus rise.

Q-1068  6778+100	1.88-1.92m, 2nd Alnus rise.

Q-1069  6858+100	2.40-2.44m, 1st Alnus rise.

Q-1070  7146+120	2.44-2.48m, 1st Alnus rise

Q-1071  7360+140	2.48-2.52m, Alnus rise. LA1c3-LA1c2 boundary

Q-1072  7670+150	2.86-2.90m.

Q-1073  8684+170	3.18-3.22m, Corylus maximum

Q-1074  8940+170	3.68-3.72m, Corylus rise. LA1c1-LA1b boundary

Q-1075  9120+170	3.72-3.76m, Corylus rise.

Q-1076  9275+170	3.76-3.80m, Corylus rise.

Q-1077  9824+190	4.02-4.06m. LA1b-LA1a boundary

Q-1078  10337+200	4.12-4.16m, Juniperus maximum

Q-1080  12251+250	4.52-4.60m.



Coding

 

ca 9825-8500 yr B.P           high (4)

ca 8500-7160 yr B.P.	 moderately high (3)

ca 7160-6850 yr B.P.	 intermediate (2)

ca 6850-6500 yr B.P.	 moderately high (3)

ca 6500-5350 yr B.P.	 potential hiatus (0)

ca 5350-4790 yr B.P.	 low (1)

ca 4790-3860 yr B.P.	 high (4)

ca 3860-1780 yr B.P.	 very high (5)

ca 1780-   0 yr B.P.	 high (4)
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Preliminary coding: 15th June 1992; Final coding: 14th July 1993

Coded by SPH

�Llangorse Lake, UK

Llangorse Lake (51°57'N, 3°15'W, 155m above sea level) is the largest natural body of freshwater in southern Wales with an area of 153ha (Jones et al., 1978). The catchment area is 2170ha (Jones, 1984). The lake is predominantly shallow (average depth 2.6m) but there are two localised deeper troughs where the water depth exceeds 7m (maximum depth 7.8m). The major inflow is from the south via the Afon Llynfi; there are several small spring-fed streams debouching on the north and east shores, but these have only minimal flow in summer. The Afon Llynfi outflows from the lake northwards to join the River Wye.

There are three cores from the lake (A, B and C), all taken within the two deep troughs. The short Mackereth cores (core B is 3.23m long and  core C is 3.18m long) are described by Jones et al. (1978). These cores provide a record spanning the last ca 4000 years. A 12.35m core (core A) is described by  Jones et al. (1985). This long core provides a record back to beyond 9000 years. Publications describing the lake's sedimentary history (Jones, 1978; Jones et al., 1978, 1985) have concentrated on describing the record of human impact and have not discussed water-level changes. 

Changes in water depth are reconstructed here from changes in sediment lithology, sedimentation rates, diatom assemblages and geochemistry. The chronology is based on nine radiocarbon dates on core A and one date on core B (Harkness and Wilson, 1974). The uppermost sediments in core A have also been dated using 210Pb.

The basal deposits in core A (ca 10-12.35m) are laminated clays. The preservation of laminations indicates relatively deep, anoxic waters. The sediments between ca 9.75-10m are marl, suggesting a marked decrease in water depth. The overlying sediments (8.10-9.75m) are non-laminated clays, indicating an increase in water depth. Brief intervals of reduced water depth are indicated by thin marl bands at ca 9.00-9.10m and ca 9.15-9.25m. The water level changes indicated by these basal units can not be reliably dated. 

The overlying sediments in core A (ca 4.0-8.10m) are organic (nekron) muds. A sample from near the base of the unit is radiocarbon dated to 8720+80 yr B.P. (SRR-2384). The sedimentation rate within the nekron mud is extremely variable.  The lowest rates of sediment accumulation (0.02 cm/yr) occur between ca 8200 and 4200 yr B.P., suggesting that there may be an hiatus in sedimentation some time during this interval. Between 7.30 and 7.36m the nekron muds are lighter in colour, more compacted and contain a higher proportion of carbonate. These changes are consistent with a reduction in water depth or a possible hiatus. 

The increased sediment rates in the uppermost part of the unit (0.17 cm/yr, 0.48 cm/yr) are consistent with increased water depths after ca 4200 yr B.P. The radiocarbon sample from 6.04-6.14m (SRR-2381) is somewhat older than expected, which suggests slight contamination with older carbon. This would be consistent with sediment slumping or shoreline erosion consequent on rising water levels. 

Diatom analysis from the organic (nekron) muds in core C (2.3-3.25m) allows the unit to be subdivided. We assume the age of the nekron mud is synchronous across the basin. Radiocarbon samples from the transition from nekron mud to silty clays from core A and B have been dated at 1980+80 (SRR-2378) and 1790+60 yr B.P. (SRR-129)  respectively. We use the sedimentation rate from the upper part of the nekron mud in the radiocarbon dated core A (0.05 cm/yr) to assign dates to the diatom subunits. The lowermost subunit (3.25-3.0m) contains dominantly benthic (Fragilaria construens)  diatoms, consistent with the lithological evidence, suggesting moderate water depth (ca 4200-2900 yr B.P.). Between 3.0-2.7m (ca 2900-2000 yr B.P.) there is an increase in planktonic taxa (Melosira granulata reaches 20%), and the assemblage contains some typical indicators of large lakes (such as Stephanodiscus astraea), while benthic taxa disappeared, suggesting that the lake became deeper than before. 

The top of sediments (0.0-4.0m in core A, 0-2.4m in core B and 0-2.7m in core C) are relatively inorganic,  silty clays. These are thought to reflect increased erosion from the catchment, which Jones et al. (1978, 1985) attribute to increased human impact. However, there is no consistent change in heavy metal concentrations in the sediments across this transition (Jones, 1984) although heavy metal concentrations do show a pronounced increase in the recent (post ca 1840 A.D.). In core C (2.7-2.5m), planktonic diatoms decrease but keep moderately percentage (ca 5%). We interpret that the unit represent a relatively high water level after ca 1900 yr B.P.



In the status coding, (0) indicates a possible hiatus;  low (1) is indicated by nekron mud with high sedimentation rates and benthic diatoms dominant; intermediate (2) by nekron mud with  planktonic diatoms and some taxa typical of large lakes; high (3) by silt clays with planktonic diatom. The record before 9000 yr B.P. is not coded because of difficulties in dating it.
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Radiocarbon Dates

SRR-129	1790+60  clay/mud transition, 240-244cm, Core B 

SRR-2376	2530+90  silty clay, 302-311cm, Core A, ATO

SRR-2377	2230+80  silty clay, 376-386cm, Core A, ATO 

SRR-2378	1980+80  clay/mud transition, 406-416cm, Core A

SRR-2379	3080+80  organic nekron mud,  451-461cm, Core A

SRR-2380	3240+70  organic nekron mud,  527-537cm, Core A

SRR-2381	4380+80  organic nekron mud,  604-614cm, Core A

SRR-2382	4140+80  organic nekron mud,  677-687cm, Core A

SRR-2383	8150+90  organic nekron mud,  759-769cm, Core A

SRR-2384	8720+80  organic nekron mud,  797-805cm, Core A



Coding



   ?-8800 yr B.P.        high (3)

8800-8200 yr B.P.     low (1)

8200-4200 yr B.P.     possible hiatus (0)

4200-2900 yr B.P.     low (1)

2900-1900 yr B.P.     intermediate (2)

1900-0 yr B.P.           high (3)





Preliminary coding: 5/8/1992; Final coding: 27/7/1993

Coded by:  SPH and GY



�Llyn Clyd, UK



Llyn Clyd (53°5'N, 4°10'W, 746.8m above sea level) is a mountain tarn in Snowdonia, North Wales. The tarn surface area is 0.65ha and the maximum depth is 6.1m. The lake is oligotrophic with a pH of around 6. The basin is a late glacial cirque (Seddon, 1957), occupied by ice until the early Holocene (Evans and Walker, 1977). The lake formed soon after the ice melted. The bedrock in the basin is Ordovician metamorphic rock. The height of the tarn was probably near or above the tree limit during maximum forest development in the Holocene and shows minimum interference from man (Evans and Walker, 1977).



Three cores (216cm, 301.5cm and 316cm long respectively) were taken from the tarn (Evans and Walker, 1977). Typical late glacial  deposits of clay-silt nekron-mud (Brown Mud) occur in all three cores, indicating that lacustrine deposition began in the early Holocene (Evans and Walker, 1977). Changes in the water depth are reconstructed from diatom assemblages, aquatics and sedimentation rate from core I. The chronology is based on pollen correlation with the nearby radiocarbon-dated site of Melynllyn (core 1), ca 10km northeast of Llyn Clyd (Walker, 1978).



The basal nekron mud (220-180cm in core I) is marked by a diatom assemblage of Fragilaria brevistriata, together with benthic diatoms, such as Achnanthes minutissima, Navicula seminulum and Melosira distans. This mixed assemblage suggests moderately shallow water. The unit belongs to  pollen zones Sn3 (below 210cm, 8800-7150 yr B.P.) and Sn4 (210-175cm, 7150-4650 yr B.P.) and can be dated to ca 7900-5010 yr B.P. In the middle part of nekron mud (180-95cm), the diatom assemblage is characterised by the dominance of Cyclotella comensis and a decrease in Fragilaria brevistriata. The dominance of planktonic diatoms suggests an increase in water depth. A relatively low sedimentation rate (0.014 cm/yr) is consistent with deep water. The unit belongs to pollen zone Sn5A (175-70cm, 4650-2150 yr B.P.) and can be dated to ca 5010-2880 yr B.P.



The overlying unit (95-30cm) is dominated by Achnanthes minutissima var. cryptocephala. There is a marked decrease in Cyclotella comensis. The change in the diatom assemblage suggests shallower conditions (Evans and Walker, 1977). A peak of Sphagnum (90-70cm) is consistent with decreased water depth. An increase in sedimentation rate  to 0.033 cm/yr is also consistent with shallow water. This unit belongs to the upper part of pollen zone Sn5A and Sn5B (0-70cm, after 2150 yr B.P.) and can be dated to after 2880 yr B.P.



Changes in diatom assemblage above 30cm, in particular an increase in Cyclotella comensis and a decrease in epiphytic and benthic species (e.g. Achnanthes, Eunotia, Navicula), suggest that water depth has increased somewhat in recent years (ca 900 yr B.B. by sedimentation rate).



In the status coding, low (1) is indicated by nekron mud with benthic diatom assemblage, abundant Sphagnum and high sedimentation rate; high (3) by nekron mud with planktonic diatom assemblage and low sedimentation rate. The present is coded as intermediate (2).



Radiocarbon dates



SRR-635  1625±90 yr B.P.  pollen zone Sn5B, Melynllyn, core 1.

SRR-636  2665±120 yr B.P. pollen zone Sn5A, Melynllyn, core 1.

SRR-637  3422±110 yr B.P. pollen zone Sn 5A, Melynllyn, core 1.

SRR-638  4755±90 yr B.P.  pollen zone Sn5A/Sn4, Melynllyn, core 1.

SRR-639  7378±160 yr B.P. pollen zone Sn4/Sn3, Melynllyn, core 1.
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Coding



ca 7900-5010 yr B.P.     low (1)

ca 5010-2880 yr B.P.     high (3)

ca 2880-900 yr B.P.      low (1)

ca 900-0 yr B.P.            intermediate (2)



� EMBED ExcelChart  ���



Preliminary coding: 10/11/1993; Final coding: 26/9/1994

Coded by GY and SHP

�Melynllyn, UK



Melynllyn (53°7'N, 4°7'W, 632.5m above sea level) is a deep mountain tarn in Snowdonia, North Wales. The tarn surface area is 7.36ha and the maximum water depth is 20m. The lake is oligotrophic with a pH of 6.2 and has a conductivity of only ca 30 µmho. The basin is a late-glacial cirque (Seddon, 1957). The lake formed ca 12,000-10,000 yr B.P. (Walker, 1978). The bedrock in the basin is Ordovician slates, shales and rhyolites. The lake level was artificially raised 1.5-2m in 1879 AD when the outflow was dammed so the lake could be used a reservoir. The dam was demolished in 1970 and the water returned to its natural level (Walker, 1978).



Two cores (core 1, 522cm long from a water depth of 17m, and core 2, 415cm long from a water depth of 20m) provide a sedimentary record back to before 10,260 yr B.P. (Walker, 1978). Change in water depth is reconstructed from changes in lithology, laminated structures and diatom assemblages. Six samples from core 1 are radiocarbon-dated. They are generally consistent with the regional pollen chronology except for SRR-634 which is stratigraphically inverted (Walker, 1978). The chronology is based on the remaining five radiocarbon dates for the last 8800 radiocarbon years (pollen zones Sn5B-Sn3). The older part of the record (below pollen zone Sn3) is dated by pollen correlation with Scaleby Moss (Godwin et al., 1957; Godwin and Willis, 1959). 



The basal sediment is silty clay (481-522cm in core 1 and 395-415cm in core 2). Walker (1978) considers this is a glacial deposit.



The overlying sediments are silty mud with macroscopic plant remains (460-481cm in core 1), suggesting shallow water conditions. The presence of Typha is consistent with shallow conditions. The diatom assemblage is characterised by dominance of epiphytes (Fragilaria brevistriata, Achnanthes minutissima and A. suchlandti), also consistent with shallow water. The abundance of Melosira italica in this unit suggests turbulent and organic water conditions, consistent with the lithological interpretation. This unit covers part of pollen zone Sn2 (481-445cm in core 1, 10,260-8800 yr B.P.), and is dated to ca 10,260-9040 yr B.P.



The overlying sediment is fine detritus mud with fine bands (460-428cm in core and 395-377cm in core 2). The occurrence of laminated sediments indicates an increase in water depth. Abundant Isoetes with some Sphagnum is present in this unit. An assemblage with Isoetes and Sphagnum and no other aquaticscharacterises the modern surface sediment in a water depth of ca 17m (Walker, 1978), so the presence of abundant Isoetes is consistent with deep water conditions. The diatom assemblage is characterised by a decrease in epiphytes (Achnanthes minutissima, Fragilaria brevistriata and Synedra rumpens) and an increase in benthics (Navicula spp., Anomoeoneis exilis and Cymbella spp.) and planktonics (Melosira distans, M. distans var. lirata), suggesting increased water depth. The decrease in species that like to live in turbulent and organic water (such as Melosira italica, Fragilaria brevistriata and Achnanthes minutissima), and increase in species that like to live in clear and inorganic water conditions (such as Cymbella cesati), is consistent with increased water depth. The unit covers the upper part of pollen zone Sn2 and the lower part of Sn3 (405-445cm in core 1, 8800-7150 yr B.P.), and is dated to ca 9040-7640 yr B.P.



The overlying unit is unbanded fine detritus mud (350-428cm in core 1 and 306-377cm in core 2). The disappearance of laminae suggests decreased water depth. The diatom assemblage is characterised by an increase in Cyclotella kützingiana and decrease in Melosira distans. The increase in planktonic species which like a clear water and inorganic water conditions (Melosira distans) and decrease in planktonic species which like turbulent and organic water conditions (Cyclotella kützingiana) might imply a decreased water depth, consistent with the lithological interpretation. Samples from near the bottom and the top of this unit are radiocarbon-dated to 7378±160 yr B.P. (SRR-638, 410cm) and 4755±90 yr B.P. (SRR-638, 350cm) respectively.



The overlying sediment is finely banded fine detritus mud (153-350cm in core 1 and 168-306cm in core 2). The reappearance of laminated structures suggests increased water depth. The presence of Myriophyllum and abundant Isoetes is consistent with deeper water. There is a marked increases in Melosira distans (300-250cm) and decrease in Cyclotella kützingiana (300-280cm) in core 1, supporting this interpretation. Three samples from this unit are radiocarbon-dated to  3422±110 yr B.P. (SRR-637, 290cm), 2665±120 yr B.P. (SRR-636, 230cm) and 1625±90 yr B.P. (SRR-635, 170cm) respectively. This unit is dated to ca 4760-1470 yr B.P.



The topmost unit (above 153 cm in core 1 and 168cm in core 2) is fine detritus mud. The absence of laminations suggests decreased water depth. The diatom assemblage is characterised by an increase in Achnanthes minutissima, consistent with decreased water depth during the last ca 1470 years. 



In the status coding, low (1) is indicated by silty mud with epiphytic diatoms dominant, and the presence of Typha; intermediate (2) by unbanded fine detritus mud with dominance of benthic diatoms, or with decrease in planktonic diatoms which need turbulent and organic water conditions and increase in planktonic diatoms which need clear and inorganic water conditions; high (3) by finely banded fine detritus mud with highest abundance of planktonic diatoms, and with Myriophyllum and Isoetes.



Radiocarbon dates



SRR-635   1625±90 yr B.P.  170cm, fine detritus mud  core 1.

SRR-634   2062±60 yr B.P.  110cm, fine detritus mud  core 1. Stratigraphically inverted.

SRR-636   2665±120 yr B.P. 230cm, fine detritus mud  core 1.

SRR-637   3422±110 yr B.P. 290cm, fine detritus mud  core 1.

SRR-638   4755±90 yr B.P.  350cm, fine detritus mud  core 1.

SRR-639   7378±160 yr B.P. 410cm, fine detritus mud  core 1.

Q-151     10,264±350 yr B.P. pollen zone Sn1/Sn2, from Scaleby Moss. * 

* There is a slight discrepancy between the date (10,264±350 yr B.P.) as published in American Journal of Science Radiocarbon Supplement (Godwin and Willis, 1959), which we use here, and that (10,257 yr B.P.) cited by Walker (1978).
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Coding



ca 10260-9040 yr B.P.    low (1)

ca 9040-7640 yr B.P.      high (3)

ca 7640-4760 yr B.P.      intermediate (2)

ca 4760-1470 yr B.P.      high (3)

ca 1470-0 yr B.P.            intermediate (2)





Preliminary coding: 13/3/1994; Final coding: 10/5/1994

Coded by GY, SPH and MYP

�Old Buckenham Mere, UK



Old Buckenham Mere (52°30'N, 1°1'E, ca 35m above sea level) is a small mere (3ha in area) in the centre of a large fen (ca 32ha in area).  There is a stream flowing into the fen from the north-east, which eventually drains westward via the main fen dyke (Tallantire, 1954). The fen is often partially flooded in winter and is probably also fed from subterranean springs (Tallantire, 1954).  The fen has been subject to artificial drainage for at least 100 years (Bennett, 1884), but many of the drains are now overgrown. The basin is situated in an area of glacial outwash material and boulder clay (Tallantire, 1954). The underlying bedrock is mainly Upper Chalk. The soils are mostly calcareous. 



The gross stratigraphy of the lake deposits was reconstructed by Tallantire (1954) from a transect of 11 borings. The basal deposits, attributed to the late glacial on the basis of their terrestrial pollen assemblage, are calcareous lake muds grading into shelly calcareous lake muds towards the lake margin. These units are overlain by a relatively pure lake chalk, which grades upwards into a shell-marl. Lenses of fine detritus and traces of Cladium rhizomes are found within this unit. Tallantire (1954) suggests the lake chalk and shell-marl are evidence of lower water-level, at least seasonally, during the Late Boreal and Atlantic (pollen zone VI and VII). A return to deeper water conditions is indicated by the overlying unit, which is calcareous mud. This mud grades upward into a shelly calcareous mud containing more detritus.



A more detailed pollen record covering the last ca 11000 years is provided by two borings from the centre of the basin (Godwin, 1967).  Boring I  is 9m long (50-950cm) and boring II is 3m long (-7m to -10m depth) (Godwin, 1967). There are no radiocarbon dates on these cores. The chronology is established by correlation with Hockham Mere, which is ca 15km away and has more than 30 radiocarbon dates (Sims, 1978; Bennett, 1983). 



The base of the sequence consists of chalk pebbles in a matrix of lake mud. In some place there is sand with flint pieces, suggesting quite shallow water in the initial phase of lacustrine sedimentation, before ca 10,500 yr B.P. 



The overlying sediment (900-908cm in boring I and 929-940cm in boring II) consists of slightly calcareous fine detritus lake mud, suggesting shallow water. It contains Chara fruits, abundant Equisetum, Menyanthes and Typha pollen, and a few small wood or bark fragments, consistent with shallow water. This unit was just before pollen zone V of Boreal and was dated to late glacial (Godwin, 1967), ca 10,500-10,000 yr B.P.



The overlying sediment (844-924cm in boring I and 850-929cm in boring II) is clayey lake mud (gyttja). It has a banded structure with thin, dark streaks of organic material, which Godwin suggests those are probably reworked organic mud. The transition from calcareous fine detritus mud to clayey mud suggests increased water depth. The presence of reworked organic material is consistent with erosion consequent upon rising water level. This unit belongs to pollen zone V, ca 10,000-7000 yr B.P.



The absence of sediments covering pollen zone V and VI from boring I indicates an hiatus in sedimentation at ca 844cm (ca 850cm in boring II) (Godwin, 1967). Since the core comes from the centre of the basin, this implies that the lake was very low. The missing pollen zones cover the interval between ca 6900 and 5850 yr B.P., although the lake was not necessarily low for the whole of this period.



The overlying sediment (767-828cm in boring I and 790-850cm in boring II) is chalk mud, indicating a return to deeper water conditions after ca 5850 yr B.P.



The overlying sediment (700-767 in boring I and 650-790cm in boring II) is fine detritus lake mud. There are lenses of coarse detritus mud and traces of Naias rhizomes and Carex fruits, reflecting shallow conditions between ca 5000-4100 yr B.P.



The overlying sediment (550-650cm in boring II) is nekron mud, suggesting the water became deeper. The aquatic assemblage is characterised by an increase in Potamogeton, Sparganium and Nuphar, consistent with deeper water. This unit is dated to 4100-3300 yr B.P.



The overlying sediment (150-550cm in boring II) is fine detritus mud with shells, suggesting a decrease in water depth. The aquatic assemblage is characterised by an increase in Sparganium, Typha and Alisma, consistent with shallowing ca 3300-1000 yr B.P.



The uppermost sediment (above 1.5m in boring II) is foetid mud, indicating the lake was closed and water not very deep during the last 1000 years. The surface sediments in the central part of the mere are fen peat with a floating reedmat of Phragmites, consistent with hydroseral development and infilling in the recent past.



In the status coding: 0 indicates an hiatus; low (1) is indicated by calcareous fine detritus mud (with or without shells) and with shallow water aquatics such as Menyanthes/Alisma or traces of Naias rhizomes; intermediate (2) by clayey lake mud with reworked material or foetid mud; high (3) by chalk mud or nekron mud with increase in Nuphar, Myriophyllum and Potamogeton.
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Coding



ca 10,500-10,000 yr B.P.  low (1)

ca 10,000-6900 yr B.P.     intermediate (2)

ca 6900- 5850 yr B.P.       hiatus (0)

ca 5850- 5000 yr B.P.       high (3)

ca 5000- 4100 yr B.P.       low (1)

ca 4100- 3300 yr B.P.       high (3)

ca 3300- 1000 yr B.P.       low (1) 

ca 1000- 0 yr B.P.             high (3)



Preliminary coding 10/3/1993; Final coding: 22/5/1994

Coded by GY and SPH

�Pityoulish, UK

Loch Pityoulish (57°12'N, 3°48'W, 210m above sea level) is a drainage loch, situated within the valley of the River Spey near the border of the Cairngorm foothills, Scotland (O'Sullivan, 1976). It is one of a series of lochs occupying a former river channel which extends parallel to the modern course of the Spey, from Loch an Eilein to Nethy Bridge, just north of Loch Garten, where it rejoins the river. There is a single inflow into the loch from the south and an outflow northwards. However the loch also receives direct drainage from the steep surrounding slopes, particularly from Creag Pityoulish to the east. The lake has an area of 40 ha and reaches a maximum depth of 20m at the north end. The area of the drainage basin is about 600ha.

The catchment bedrock is Moine granulites with small granite intrusions (Birks, 1970). During glacial periods ice flowed along the Spey valley, resulting in the deposition of morainic material and boulder clay. The overlying soils are acid, with mor humus accumulation (Birks, 1970). 

Two 6m long cores (A and B) from the deepest part of the lake provide a stratigraphic record back to the Late Devensian (O'Sullivan, 1975, 1976). The top 3.05m of core A was used for pollen analysis and radiocarbon dating. Chemical analyses were carried out on core B. A short core of the uppermost sediments, including the mud-water interface, was also obtained. Changes in water depth are reconstructed from changes in stratigraphy, sedimentation rates and aquatic pollen assemblages. The chronology is provided by 8 radiocarbon dates (O'Sullivan, 1976; Harkness, 1981).



The basal deposits are grey clay (2.67-2.76m), coarse sand (2.76-2.78m) and sandy clay (2.78-3.05m). These units are devoid of pollen and are presumed to be of late Devensian age (O'Sullivan, 1976).

The transition to the overlying unit at 2.67m is extremely sharp. This is consistent with an hiatus in sedimentation prior to the onset of organic deposition in the basin. O'Sullivan (1976) suggests that this hiatus may have lasted between 500-1000 years. He also suggests an alternative explanation, namely that the loch was experiencing a level of throughflow at a rate too great to allow richly polliniferous sediments to accumulate. 

The overlying unit (1.75-2.67m) is a very dark and compact fine detritus mud. A series of four samples from the lower half of the unit provide radiocarbon dates in the range 5550 (SRR-459, ca 2.14-2.26m) to 8390 (SRR-572, 2.56-2.62m) yr B.P. The extremely low sedimentation rates (between 0.012-0.02 cm/yr) and the compact nature of the sediments suggests that sedimentation was sporadic, and is consistent with low and/or fluctuating water levels. The aquatic assemblage is consistent with low and/or                   fluctuating water levels, being characterised by low abundances of Cyperaceae and Equisetum and the sporadic occurrence of Potamogeton, Nymphaea, Isoetes and Myriophyllum. The sedimentation rate in the upper part of the unit is greater (0.26 cm/yr), and Isoetes becomes more abundant. These changes might indicate an increase in water depth or more stable conditions after ca 5550 yr B.P.

O'Sullivan (1976) does not claim that the water depth at Loch Pityoulish was low during the early Holocene, but he does point out that other lakes in the region were low between ca 8000-6650 yr B.P.

The overlying unit (0.72-1.75m) is a medium detritus mud. A sample from the transition to this unit (1.70-1.80m) is radiocarbon dated to 3800+60 yr B.P. (SRR-586). The increase in sedimentation rate and the less compacted nature of the sediment is consistent with increased water depths after ca 3800 yr B.P. The aquatic pollen assemblage is characterised by a gradual increase in the abundance of Isoetes, Equisetum and Cyperaceae and the occurrence of Potamogeton, Myriophyllum and Nymphaea, and is consistent with increased water depth. 

The overlying unit (0.70-0.72m) is a band of coarse detrital material, including birch twigs. The unit is thought to have originated as an inwash layer, probably due to a phase of soil erosion, and as such unrelated to changes in water level (O'Sullivan, 1984, personal communication). A radiocarbon sample from 0.65-0.74m yielded an anomalous date of 2700+95 yr B.P. (SRR-588); interpolation between the other radiocarbon dates suggests an age of ca 1650 yr B.P. for the inwash event. O'Sullivan (1976) suggests that the anomaly is due to incorporation of older carbon by erosion. 

The overlying unit (0-0.70m) is a medium detritus mud. The lower part of the unit between 0.62-0.70m is mottled. Sphagnum becomes an increasingly important component of the aquatic assemblage, while Equisetum declines in abundance. These changes are consistent with hydroseral development.

In the status coding, the hiatus in sedimentation between the Late Devensian clays and the organic deposits is indicated by 0; low (1) is indicated by the deposition of compact fine detritus mud with low sedimentation rates; intermediate by deposition of fine detritus mud with increased sedimentation rates and moderate abundances of Isoetes; high (3) by the deposition of medium detritus mud. The detrital organic unit at 0.70-0.72 is assumed to reflect an inwash event in the catchment rather than a change in water levels.
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Radiocarbon Dates

SRR-589 1010+60  30-40cm  medium detritus gyttja

SRR-588 2710+100 65-74cm  medium detritus gyttja, ATO, contaminated by inwash.

SRR-587 2990+60  130-140cm  medium detritus gyttja

SRR-586 3800+60  170-180cm  fine detritus gyttja

SRR-459 5550+50  214-226cm  fine detritus gyttja

SRR-460 6630+60  229-238cm  fine detritus gyttja

SRR-571 7970+60  246-256cm  fine detritus gyttja 

SRR-572 8390+70  256-262cm  clay

Note: There are slight discrepancies between the depths of the radiocarbon samples as given in Harkness (1981), which we use here, and those inferred from O'Sullivan (1976).





Coding



8900 (or 9400)-8400 yr B.P.  hiatus (0)

8400-5550 yr B.P.                 low (1) and fluctuating

5550-3800 yr B.P.                 intermediate (2)

3800-0 yr B.P.                       high (3)





Preliminary coding: 30th June 1992; Final coding: 14th July 1993

Coded by SPH

�Roos, UK



Roos (The Bog, Roos, 53°40'N, 0°4'E, 5m above sea level) is a peat bog, but was formerly on an area of open water in Holderness, England. It lies 6km from the coast. The former lake had an area of ca 26ha (220mx120m). The basin lies in an oval depression in last glacial till (Devensian Withernsea Till, before 13,000 yr B.P.), formed as a kettle hole. The lake formed after 13,050 yr B.P. and became infilled after ca 3500 yr B.P. (Beckett, 1981). The peat bog was artificially drained recently and is now covered by woodland (Beckett, 1981). The bedrock in the catchment is Upper Chalk (Valentin, 1957).

A transect of borings from the basin provides a 11.5m composite sedimentary record back to ca 13,000 yr B.P. (Beckett, 1981). Changes in water depth are reconstructed from changes in lithology, aquatic pollen assemblages and sedimentation rates. The chronology is based on five radiocarbon-datings from Roos, which provide ages between 13,000-10,000 yr B.P., and pollen correlation with the nearby radiocarbon-dated sites (Beckett, 1975) of Gransmoor Quarry, North Holderness (Beckett, 1975) and North Ferriby (Wright and Churchill, 1965).



The basal sediment (1150-1136cm) is gravelly clay. These are probably glacial deposits from before 13,050 yr B.P. (Beckett, 1975).



The overlying sediment (1136-1133cm) is fine detritus mud, suggesting moderately deep water. The aquatic assemblage is characterised by Typha, Sparganium and Nymphaea, consistent with moderately deep water. A sample from the bottom of this unit is radiocarbon-dated to 13,045±270 yr B.P. (Birm-217, 1133-1140cm). 



The overlying sediment (1133-1116cm) is a slightly organic grey clay, suggesting increased water depth. Aquatics are less abundant, and characterised by decreased Typha and the presence of Myriophyllum alterniflorum, consistent with increased water depth. The unit has a quite low sedimentation rate (0.016 cm/yr), supporting deep water conditions. This unit is dated to ca 12,900-11,600 yr B.P.

                                                              

The overlying sediment is fine detritus mud (1116-1090cm), suggesting decreased water depth. The aquatic assemblage is characterised by decreased Myriophyllum alterniflorum, consistent with decreased water depth. Three samples from this unit are radiocarbon-dated to 11,500±170 yr B.P. (Birm-318, 1110-1115cm), 11,450±230 yr B.P. (Birm-407, 1102-1105cm) and 11,220±220 yr B.P. (Birm-406, 1091-1095cm) respectively. 



The overlying sediment is pinkish grey clay (1090-930cm). The sediment contains fragments of the moss Fontinalis antipyretica,  suggesting shallow water. The aquatic assemblage is characterised by abundant Typha latifolia, Sparganium and Nymphaea, consistent with shallowing. An increase in sedimentation rate from 0.08 cm/yr to 0.16 cm/yr is also consistent with this interpretation. This unit is dated to ca 11,200-10,100 yr B.P.



The overlying sediment is fine detritus mud (930-390cm), suggesting increased water depth. There is a marked increase in Myriophyllum and decrease in Typha latifolia ca 930cm. The disappearance of moss fragments and decline in Typha suggest increased water depth. The aquatic assemblage in the main part of the unit includes Myriophyllum, Sparganium and Typha, consistent with a moderately deep water. This unit belongs to pollen zone RB4, RB5 and RB6 (ca 900-400cm), and is dated to ca 10,100-5100 yr B.P. The upper boundary is dated 5099±50 yr B.P. (SRR-229) at Gransmoor Quarry (Beckett, 1981).

The overlying sediment is coarse detritus mud (390-200cm), suggesting decreased water depth. The aquatic assemblage is marked by an increase in Menyanthes, Myriophyllum, Sparganium and Typha, consistent with shallow water. This unit belongs to pollen zone RB7 (ca 400-220cm) and is dated to ca 5100-3400 yr B.P. The upper boundary is dated by two samples 3433±110 (Q-837) and 3120±105 (Q-715) from pollen zones RB8, RB9 and RB10 at North Ferriby (Beckett, 1981). 



The topmost sediment is peat with plentiful Sphagnum, Menyanthes trifoliata seeds, Ericaceae stems and Polytrichum spp., indicating hydroseral development and infilling process in the basin after ca 3400 yr B.P. 

In the status coding, low (1) is indicated by coarse detritus mud with Menyanthes, Myriophyllum, Sparganium and Typha; intermediate (2) by pinkish grey clay with moss fragments and abundant Typha, Sparganium and Nymphaea; moderately high (3) by fine detritus mud with abundant Myriophyllum; high (4) by grey clay with low aquatics and low sedimentation rate. Peat deposition after ca 3400 yr B.P. reflects lake infilling, and this interval is not coded.



Radiocarbon dates



Birm-217  13,045±270   1133-1140cm, fine detritus mud  Roos core.

Birm-318  11,500±170   1110-1115cm, fine detritus mud  Roos core.

Birm-407  11,450±230   1102-1105cm, fine detritus mud  Roos core. 

Birm-406  11,220±220   1091-1095cm, fine detritus mud  Roos core.

Birm-405  10,120±180   920-925cm, fine detritus mud  Roos core.

SRR-230   8507±55   pollen zone RB5/RB6, Gransmoor Quarry.    

SRR-229   5099±50   pollen zone RB6/RB7, Gransmoor Quarry.    

Q-837     3433±110  pollen zone RB8, 9, 10, Gransmoor Quarry. 

Q-715     3120±105  pollen zone RB8, 9, 10, Gransmoor Quarry. 
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Coding



13,050-12,900 yr B.P.     intermediate (3)

12,900-11,600 yr B.P.     high (4)

11,600-11,200 yr B.P.     intermediate (3)

11,200-10,100 yr B.P.     moderately low (2)

10,100- 5100 yr B.P.       intermediate (3)

5100-3400 yr B.P.           low (1)

3400-0 yr B.P.                 infilling, not coded.



Preliminary coding: March 1994; Final coding: May 1994

Coded by GY and SPH

�Saham Mere, UK



Saham Mere (52°34'N, 0°48'E, 38m above sea level) is a small lake in East Anglia, England. The lake is roughly circular with an area of ca 6.7ha (250 x 275m) and a maximum water depth of 1m. The catchment is 30ha in area and only ca 29m deep. There is an outflow from the lake southwest into the River Wissey, but it is probably artificial (Bennett, 1884). The bedrock in the catchment is Upper Chalk, covered by chalky clay till. The basin probably originated as a hollow in till. The lake does not undergo marked variations in depth under modern conditions, which suggests that water levels are probably controlled by the water table in the till (Bennett, 1983, 1988).



A ca 30m-long Livingstone core from the centre of the lake provides a lithological and pollen record back to ca 17,400 yr B.P. (Bennett, 1988). Core depths were measured from a fixed point 40cm above lake surface, such that the sediment surface is at 1.4m. The upper part of core (above 23.64m) has not been described. Change in water depth is reconstructed from changes in lithology, lamination structures and sedimentation rate. Ten samples from the core are radiocarbon-dated (Bennett, 1988). The dates form a conformable sequence though showing considerable variation in sedimentation rates. Bennett (1988) states that, although approximate support for most of the dates can be found from other sites, these dates are too old due to old carbonate contamination. However, five of the dates are on material that contains no significant calcium carbonate, and these fit well with the rest of sequence. There does not seem to be overwhelming evidence in favour of rejecting these dates, and the chronology is therefore based on the complete sequence of ten dates.



The basal sediment is calcareous clay mud (28.59-29.18m below water surface). The unit was probably derived from till underlying the lake sediments. Two radiocarbon-dates at the top (Q-2284, 29.03-29.13m) and near bottom (Q-2285, 28.51-28.61m) give ages of 14,100±170 and 17,400±190 yr B.P. for this unit.



The overlying sediment is sand (28.56-28.59m), suggesting shallow water in the initial phase of lacustrine sedimentation. This unit is dated to ca 14,100-14,000 yr B.P.



A change to slightly calcareous sandy lake mud (28.39-28.56m), suggests the onset of stable lacustrine conditions in the basin and deeper water in the lake. The unit is dated to ca 14,000-13,250 yr B.P.



The overlying sediment is slightly calcareous silty lake mud  (28.10-28.39m). The finer lithology suggests a continued increase in water depth. The low sedimentation rate (0.02 cm/yr) is consistent with increased water depth. The unit is dated to 11,800-13,250 yr B.P. 



A change to non-calcareous sandy lake mud (27.68-28.10m), suggests a return to shallow conditions. An increase in sedimentation rate from 0.02 to 0.6 cm/yr is consistent with this interpretation.  The absence of calcium carbonate could indicate reduced leaching from the catchment. This unit is dated to ca 10,200-11,800 yr B.P. 



The overlying sediment is non-calcareous detritus lake mud (25.40-27.68m). The finer nature of the sediment suggests increased water depth. A decrease in sedimentation rate to 0.15 cm/yr is consistent with this interpretation. Three samples from this non-calcareous unit are radiocarbon-dated (Q-2276, Q-2277 and Q-2278), suggesting it formed ca 8200-10,200 yr B.P.



The overlying sediment is non-calcareous humified detritus lake mud (25.00-25.40m), suggesting the lake remains moderately deep.  A drop in sedimentation rate to 0.09 cm/yr is consistent with this. Humification may suggest oxygenation and slight shallowing. A sample from this non-calcareous unit is radiocarbon-dated to 7970±60 yr B.P. (Q-2279, 25.13-25.23m). 



A marked increase in water depth after 6580 yr B.P. is indicated by deposition of calcareous laminated lake mud (23.64-25.00m). The unit contains humified detritus and shells of Bithynia tentaculata. A low sedimentation rate (0.05 cm/yr)  is consistent with deepening. Two samples from the top (Q-2282, 23.59-23.69m) and the bottom (Q-2280, 24.89-24.99m) of the unit are radiocarbon-dated to 4200±50 yr B.P. and 6580±60 yr B.P. respectively. 



The record for the last 4200 years has not been studied.  Sedimentation rate increases markedly (0.53 cm/yr above 23.64m). Bennett (1988) attributes this to eutrophication.



In the status coding, very low (1) is indicated by initial sand layer; low (2) by sandy lake mud; intermediate (3) by silty lake mud; moderately high (4) by humified detritus lake mud; high (5) by non-humified detritus lake mud; very high (5) by laminated  detritus lake mud.
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Radiocarbon dates



Q-2282  4200±50 yr B.P.  2359-2369cm, calcareous laminated mud.

Q-2281  5520±55 yr B.P.  2451-2461cm, calcareous laminated mud.

Q-2280  6580±60 yr B.P.  2489-2499cm, calcareous laminated mud.

Q-2279  7970±60 yr B.P.  2513-2523cm, non-calcareous humified mud.

Q-2278  8700±65 yr B.P.  2581-2591cm, non-calcareous mud.

Q-2277  9280±80 yr B.P.  2667-2677cm, non-calcareous mud.

Q-2276  9850±85 yr B.P   2741-2751cm, non-calcareous mud.

Q-2283  10500±110 yr B.P. 2779-2789cm, non-calcareous sandy mud.

Q-2285  14100±170 yr B.P. 2851-2861cm, calcareous clay mud.

Q-2284  17400±190 yr B.P. 2903-2913cm, calcareous clay mud.





Coding



ca 14,100-14,000 yr B.P.       very low (1)

ca 14,000-13,250 yr B.P.       low (2)

ca 13,250-11,800 yr B.P.       intermediate (3)

ca 11,800-10,200 yr B.P.       low (2)

ca 10,200-8200 yr B.P.          high (5)

ca 8200-6580 yr B.P.             moderately high (4)

ca 6580-4200 yr B.P.             high (5)

ca 4200-0 yr B.P.                   no record.







Preliminary coding: 18/5/1994; Final coding: 22/5/1994

Coded by GY and SPH

�Sea Mere, UK



Sea Mere (52°34'N, 1°00'E, 38m above sea level) is a small lake in England, with an area of ca 7ha and a maximum depth of 4m. The catchment area is ca 520ha. There are two small inflow streams entering the lake from the west and the south, and one outflow in the southeast to the River Yare (Hunt and Birks, 1982). The basin is situated in chalky boulder clay (Sims, 1973). It is mantled by till and the soils are calcareous. The basin is not a ground-ice depression (Sparks et al., 1972), but probably owes its origin to the solution of the underlying chalk bedrock and collapse of the overlying deposits (Hunt and Birks, 1982).



There are two cores (SM, S) from Sea Mere. A ca 20m long core (core SM), taken in ca 4m of water in the centre of the lake, has been studied by Hunt and Birks (1982) and by Bennett (1988). Core S, a marginal core covering the last ca 7500 year B.P. has been studied by Sims (1973, 1978). Changes in relative water depth are based on changes in lithology and aquatic assemblages. The chronology is based on terrestrial pollen correlation with Hockham Mere (Bennett, 1983a, 1988; Sims, 1978). Hockham Mere is 10km away from Sea Mere and the chronology is based on over 30 radiocarbon dates (Hunt and Birks, 1982; Sims, 1978).



The basal sediment in core SM (19.66-18.51m below the water surface) is chalky silt and chalky rubble of very low organic content, suggesting the sediment was deposited in shallow water. The pollen grains are poorly preserved. The macrophyte pollen is sparse, but includes Potamogeton, Chara and Nitella. This unit is dated to ca 13,870-13,000 yr B.P. (Hunt and Birks, 1982).



The overlying sediment in core SM (18.51-18.11m below the water surface) is detritus clay and silty clay mud, suggesting increased depth. Aquatic taxa are well represented, mainly Potamogeton type with Chara, Nitella, Plumalella, Daphnia and some Myriophyllum spicatum, consistent with deeper water ca 12,000-13,000 yr B.P. 



The overlying unit in core SM (18.11-17.81m below the water surface) consists of organic mud with sand and silt, indicating that the lake was shallow. Aquatics are rare with scattered grains of Sparganium and Myriophyllum spicatum. This interval is dated ca 12,000-11,000 yr B.P.



The overlying sediment in core SM (16.50-17.81m below the water surface) is silty detritus mud with fine sand and some coarse sand, indicating the lake became shallower. The presence of woody detritus and moss fragments (including Bryum sp., Calliergon cuspidatum, Drepanocladus sp., Homalothecium sp. and Philontis fontana), consistent with shallow water. The aquatic assemblage is marked by increases in  Equisetum, Typha, Potamogeton, Nymphaea and abundant sedges, consistent with shallow water. The interval is dated between ca 11,000 and 10,000 yr B.P.



The overlying unit in core SM (15.64-16.50m below the water surface) is banded silty fine detritus mud and marl, banded marl and mud, indicating the lake became deep.  The aquatic assemblage is characterised by Myriophyllum spicatum  and Potamogeton, with some Sparganium, Nymphaea and Nitella.  This interval is dated ca 10,000-9200 yr B.P.



The sediment in core SM (15.71-11.40m below the water surface, ca 9200-1980 yr B.P.) is calcareous lake mud, suggesting deeper water than the before. The skull bones of a pike (Esox Lucius L.) are found at 15.09m below the water surface (Bennett, 1983b), consistent with the interpretation of deep water.



Core S has more detailed record of change during the late Holocene (after 7200 yr B.P.). The basal sediment in  core S (7.2-6.5m, ca 7200-5000 yr B.P.) consists of detritus mud with sand. The aquatic assemblage is marked by Typha, Cyperaceae with Ranunculus, Nymphaea and Nuphar. 



The overlying unit in core S (6.5-5.5m, ca 5000-3800 yr B.P.) is pure mud and marl containing little detritus, suggesting the lake became deeper. The aquatic plants are represented by Potamogeton, consistent with deeper water.



The overlying sediment in  core S (5.5-4.5m, ca 3800-2600 yr B.P.) is mud and marl with coarse detritus, suggesting shallowing. The aquatic  assemblage is characterised by Ranunculus, Typha with some Potamogeton and Myriophyllum. Increases in Typha and Ranunculus suggest shallower conditions. 



The overlying sediment in core S (4.5-2.5m,  ca 2600-1900 yr B.P.) is coarse detritus mud. The increase in coarse detritus indicates shallower water. The aquatic assemblage is characterised by Ranunculus and Typha with Menyanthes, Nuphar and Nymphaea, consistent with shallowing. 



The top of sediment in the core S (2.5-0m, last ca 1900 yr B.P.) is mud and marl. The decrease in the detrital component suggests increased water depth. The aquatic pollen assemblage is marked by increases in Potamogeton and Myriophyllum, consistent with deeper water. 



In the status coding: very low (1) is indicated by chalky silt/ rubble with poor pollen preservation in central core; low (2) by organic mud with silt and sand, and containing moss fragments, in central core; moderately low (3) by organic mud with silt and sand in central core; intermediate (4) by calcareous lake mud in central core, and coarse detritus mud with Menyanthes in marginal core; high (5) by calcareous lake mud in central core, and detritus mud with diverse aquatic assemblage in marginal core; very high (6) by detritus clay and silty clay mud with diverse aquatic assemblage in central core, or calcareous lake mud in central core and calcareous mud with sparse aquatic assemblage in marginal core.
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Coding



ca 13,870-13,000 yr B.P.     very low (1)

ca 13,000-12,000 yr B.P.     very high (6)

ca 12,000-11,000 yr B.P.     moderately low (3)      

ca 11,000-10,000 yr B.P.     low (2)

ca 10,000-9200 yr B.P.        intermediate (4)

ca 9200-5000 yr B.P.           high (5)

ca 5000-3800 yr B.P.           very high (6)

ca 3800-2600 yr B.P.           high (5)

ca 2600-1900 yr B.P.           intermediate (4)

ca 1900-present                   very high (6)



Preliminary coding: 23/2/1993; Final coding: 15/6/1994

Coded by GY and SPH

�Traeth Mawr, UK



Traeth Mawr (51°55'N, 3°30'W, 330m above sea level) lies on the undulating plateau of the Mynydd Illtydd to the north of the Brecon Beacons, Wales. The basin probably formed by melting of dead ice (Walker, 1982a) during the last deglaciation. The basin has an approximate area of ca 100ha and is occupied by a bog, but was formerly the site of a large lake. The bog is characterised by numerous small pools. It is drained by two streams which flow northwestwards into Cwm Camlais and ultimately into the River Usk. The Brecon Beacons are sandstone uplands. They were extensively glaciated during the last glacial maximum, and there is evidence for more restricted glacial activity during the Loch Lomond Stadial (Walker 1982b), which is considered equivalent to the Younger Dryas.



A core (2m long) taken near the centre of Traeth Mawr bog provides a sedimentary record back to ca 12000 yr B.P. (Walker, 1982a). Changes in water depth are reconstructed from changes in lithology, sedimentation rates, aquatic pollen assemblages and pollen preservation. The chronology is based on three radiocarbon dates (Walker, 1982a). Material for radiocarbon dating was obtained by combining 2cm slices (across key lithological transitions at 2.89m, 3.69 and 3.99m) from 6 closely spaced cores.

The basal sediments (4.25-5.07m) are rhythmically-bedded sands, silts and clays, almost devoid of pollen. They appear to have been formed rapidly (maybe in as little as 100 years) in a proglacial environment at a time when the Late Devensian ice cover was wasting away. The preservation of bedding argues that the lake was relatively deep with anoxic bottom waters.



The overlying unit (3.99-4.25m) is a red silt clay. The aquatic assemblage is characterised by abundant Potamogeton, with Myriophyllum and occasional Nymphaeae, and is consistent with moderately deep water.



The overlying unit (3.69-3.99m) is	fine brown gyttja. A sample from the transition to gyttja was radiocarbon dated at 11620+140 yr B.P. (SRR-1562). The aquatic assemblage in the lower part of the unit, below 3.83m, is characterised by a marked decrease in Potamogeton and Myriophyllum, and by the presence of shallow-water aquatics including Menyanthes and Littorella. The lithology and the aquatic assemblage are both consistent with shallower conditions after ca 11620 yr B.P. There are two ca 1cm-thick silt clay bands at 3.83 and 3.88m. These minerogenic bands are marked by an increase in deteriorated pollen and a slight increase in apparent sedimentation rates. Walker (1982) suggests that these silt clay bands could represent phases of soil inwash or could have been caused by the collapse and reworking of basin edge sediments. He argues that the gentle slope angles and the absence of sharp breaks of slope within the modern basin seems inconsistent with erosion of basin edge sediments. However, subaerial erosion of newly exposed and unconsolidated marginal sediments would be consistent with the shallowing indicated by the aquatic assemblages.



The uppermost gyttja, above the silt-clay bands, is characterised by increased abundance of Potamogeton and Myriophyllum, the presence of Nymphaea and the absence of Menyanthes, suggesting increased water depth after ca 11090 yr B.P.



The overlying unit (2.89-3.69m) is a red silt/clay. A sample spanning the transition to this unit was radiocarbon dated to 10620+140 yr B.P. (SRR-1561). There is a fourfold increase in sedimentation rate at this transition, and the terrestrial pollen shows an increase in broken and crumpled grains. This suggests that the deposition of minerogenic sediments reflects an increase in soil erosion within the catchment (Walker, 1982a). Across the transition from gyttja to minerogenic sediments and in the lowermost few centimetres of the silt/clay, the aquatic pollen assemblages are characterised by a decrease in Potamogeton and Myriophyllum and the reappearance of Menyanthes. The aquatic assemblage in the remaining part of the unit is characterised by low abundances of Potamogeton and Myriophyllum. Shallow water aquatics such as Menyanthes and Littorella are not registered. This suggests that the lake was deeper, which could be considered consistent with increased runoff and increased catchment erosion.



The deposition of  clay gyttja between 2.87-2.89m suggests shallowing after ca 9970 yr B.P. The marked increase in Potamogeton and Myriophyllum is consistent with shallowing. The overlying muddy gyttja (2.60-2.87m)	is characterised by the occurrence of several silt/clay bands (at 2.78, 2.81 and 2.83m). These lithological changes suggest fluctuating or unstable water levels.



The zone between 2.49-2.60m marks a transition from organic muds into fine amorphous peat as the lake infilled. The presence of Menyanthes and Typha, and the decline in abundance of Potamogeton, Myriophyllum and Nymphaea, is consistent with shallowing. The uppermost 2.49m of sediment consist of peat. The increase in corroded pollen grains above 2.50m is consistent with oxidation in the loosely-compacted accumulating peats. These changes may reflect hydroseral development in the basin.



In the status coding, low (1) is indicated by gyttja with an aquatic assemblage including shallow water species such as Menyanthes; intermediate (2) by gyttja and an aquatic assemblage with abundant Potamogeton, Myriophyllum and Nymphaea; high (3) by red silt clays and the absence of shallow-water aquatics; and very high (4) by laminated sands, silts, clays. Note that peat deposition after 9100 yr B.P. may indicate infilling and this part of the record may not reflect a climatic signal and so is excluded from the coding.
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Radiocarbon Dates



SRR-1560	 9970±115   2.88-2.90m  red silt/clay

SRR-1561  10620±100  3.68-3.70m  red silt/clay

SRR-1562  11660±140  3.98-3.90m  brown gyttja
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Coding



  pre-11860 yr B.P.		very high (4)

11860-11660 yr B.P.		high (3)

11660-11090 yr B.P.		low (1)

11090-10780 yr B.P.		intermediate (2)

10780-10535 yr B.P.		low (1)

10535- 9970 yr B.P.		high (3)

 9970- 9100 yr B.P.		intermediate (2)

 9100- 0    yr B.P.		infilling, not coded.







Preliminary coding: 13th August 1992; Final coding: 14th July 1993

Coded by SPH and GY

�Malo Jezero, Yugoslavia

Malo Jezero (42°47'N, 17°21'E, 0m above sea level) is a saltwater "lake", connected to the sea by a narrow channel, on the island of Mjlet (Beug, 1961a). The lake has an area of about 18ha and a maximum depth of 30m. The basin originated as a doline in limestone.

Fore cores (III, IV, V and VI) provide a sedimentary record of most of the Holocene (Beug, 1961a, b, 1962, 1967, 1975). Core VI (1.90m) was taken in a water depth of about 23m. The other three cores are much shorter (ca 0.7m, 1.2m and 0.5m respectively) and were taken in a depth of about 29m. The basal sediments are freshwater peats and gyttja, formed when the basin was isolated from the sea. Beug (1961a, 1967) argues that the occurrence of brackish-water aquatics in the uppermost sediments indicates that the basin was breached about 2000 yr B.P. and has been subject to marine influence continuously since then. There appears to have been no sedimentation in the basin since 2000 yr B.P., presumably because of tidal scour. Changes in water depth before 2000 yr B.P., when the basin was an isolated freshwater lake, can be reconstructed from changes in sediment lithology and in aquatic plant assemblages as registered by pollen and macrofossils. The chronology is established by three radiocarbon dates.

The lowermost sediments in core VI (1.6-1.9m) are clays. There is no evidence that these clays are lacustrine, but they appear to have sealed the basin and allowed a lake to form within the doline. A basal sample (1.70-1.90m) has been radiocarbon dated to 9000 yr B.P. The overlying deposits are clayey sedge peats (1.48-1.60m) and sedge peats (1.36-1.48m). A sample from 1.36-1.52m has been dated 8400 yr B.P. The overlying sediments are coarse detritus gyttja (1.33-1.36m) grading up into pure, calcareous gyttja (0.98-1.33m). This sequence (peat, detritus gyttja, calcareous gyttja) is indicative of a gradual increase in water depth. Aquatic pollen is abundant in both the peats and the gyttjas. Sparganium is recorded alone between 1.48-1.58m (clayey sedge peat), and then occurs with Nymphaea within the sedge peat. Nymphaea is most abundant (over 3%) around 1.3m, after which Potamogeton become dominant within the calcareous gyttja. These changes in the aquatic assemblages are consistent with a gradual increase in water depth. The occurrence of Chara within the calcareous gyttja is consistent with moderately deep water.

The overlying sediments (0.60-0.98m) are clay gyttja. The virtual absence of aquatic pollen suggests that the water was deeper than before. The interval between 0.42-0.60m in core VI consists of several thin units of calcareous clayey gyttja or clay gyttja in alternation. The deposits of similar age (pollen zones B2/C1) in the deepwater cores are laminated, which suggests they were deposited under anoxic conditions in a deep lake. A sample from just below the B2/C1 boundary in core V (0.37-0.5m) has been radiocarbon dated to 6800±125 yr B.P., which suggests that the laminated sediments were deposited between 6000-7000 yr B.P. The uppermost sediments in the deepwater cores are unlaminated, indicating that water depth decreased after ca 6000 yr B.P. The uppermost sediments in core VI (0-0.60m) are calcareous gyttja, which also suggests that the lake was shallower.

In the status coding, very low (1) is indicated by peat deposition with abundant aquatic pollen; low (2) by coarse detritus gyttja deposition with Sparganium and very abundant Nymphaea; intermediate (3) by calcareous gyttja deposition with Potamogeton and Chara; high (4) by clay gyttja deposition in core VI, with virtually no aquatic pollen deposition; very high (5) by laminated sediments in the deepwater cores.
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Radiocarbon Dates



N/A  6800±125 yr B.P. 0.37-0.50m, Core V, below B2/C1 boundary, clayey gyttja 

N/A  8400 yr B.P.     1.36-1.52m, Core VI, peat

N/A  9000 yr B.P.     1.70-1.90m, Core VI, clay



Coding



8730-8270 yr B.P.	very low (1)

8400-8200 yr B.P.	low (2)

8200-7600 yr B.P.	intermediate (3)

7600-7000 yr B.P.	high (4)

7000-6000 yr B.P.	very high (5)

6000-2000 yr B.P.	intermediate (3)
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Preliminary coding: pre-September 1991; Final coding: January 1994

Coded by SPH

�Palu, Yugoslavia

Lake Palu (45°01'36''N, 13°42'10''E) is a brackish-water lake, situated in a sink hole near the Adriatic coast (Beug, 1977, 1977). The modern lake has an area of ca 2ha and a mean water depth of about 70cm. The doline has an area of 20-25ha, mostly occupied by marsh vegetation. The lake has  an artificial outlet to the sea, via a narrow channel about 250m long, which was created in 1916 in order to minimise the breeding grounds for malaria. The catchment bedrock is limestone.

A single profile (Palu II), taken in a water depth of 70cm, provides a sedimentary record back to ca 6000 yr B.P. Note that the core depths in Beug (1977), and used here, are given from the water surface not from the sediment/water interface. Changes in water depth are reconstructed on the basis of changes in lithology, aquatic pollen and macrofossil assemblages (Beug, 1977). The chronology is based on a single radiocarbon date and the fact that the earliest occurrence of Castanea and Juglans on the Adriatic coast is dated to ca 2000 yr B.P. (Beug, 1977).

The basal sediments (4.60-4.90m) are clay. The overlying unit (3.65-4.60m) is clay gyttja. The aquatic assemblage includes Nymphaea, Myriophyllum-type and Ranunculus. The overlying unit (2.70-3.65m) is coarse detritus gyttja. The change in lithology is consistent with shallower conditions. The appearance of Alisma is also consistent with shallowing. A sample from near the base of this unit (350-360cm) was radiocarbon dated to 4490+125 yr B.P. (Hv-1640).

The overlying unit (2.14-2.70m) is fine detritus gyttja, indicating somewhat deeper conditions. The presence of molluscs is consistent with deeper water. The overlying unit (1.90-2.70m) is coarse detritus gyttja, indicating shallowing. The uppermost unit (0.70-1.90m) is fine detritus gyttja, again containing mollusc shells, consistent with deeper water conditions. 

The aquatic macrofossil record shows that Palu was a freshwater lake until the end of Pollen Zone 2 (after ca 2000 yr B.P.). At the beginning of Pollen Zone 3, freshwater aquatics were replaced by Ruppia and other plants characteristic of brackish-water environments. According to Beug (1977) the lake became brackish because of seawater incursions, via fractures in the bedrock.  

In the status coding, low (1) is indicated by coarse detritus gyttja, intermediate (2) by fine detritus gyttja, and high (3) by clay or clay gyttja. The interval after ca 2000 yr B.P. is not coded because of the possibility that the record is affected by marine incursions.



Reference



Beug, H-J., 1975. Man as a factor in the vegetational history of the Balkan Peninsula. Proceedings of the First International Symposium on Balkan Flora and Vegetation, Varna, June 1973, pp. 72-78.

Beug, H-J., 1977. Vegetationsgeschichtliche Untersuchungen im Küstenberiech von Istrien (Jugoslawien). Flora 166: 357-381.



Radiocarbon Date



Hv-1640	4490±125 yr B.P.	350-360cm, coarse detritus gyttja



Pollen Date



ca 260cm	beginning of Castanea and Juglans curves, 2000 yr B.P.



Coding



6000-4490 yr B.P.	high (3)

4490-3400 yr B.P.	low (1)

3400-2400 yr B.P.	intermediate (2)

2400-2000 yr B.P.	low (1)



� EMBED ExcelChart  ���



Preliminary coding: March 1987; Final coding: September 1988

Coded by: SPH

� 4. DATA BASE REFERENCES



Alessio, M., Allegri, L., Bella, F., Calderoni, G., Cortesi, C., Dai Pra, G., De Rita, D., Esu, D., Follieri, M., Improta, S., Magri, D., Narcisi, B., Petrone, V. and Sadori, L., 1986. 14C dating, geochemical features, faunistic and pollen analyses of the uppermost 10m core from Valle di Castiglione (Rome, Italy). Geologica Romana 25: 287-308.

Alhonen, P. and Vuorela, I., 1974. Lamminjärvi kerrostumien siiteplöly-a piilevästratigrafia. Luonnon Tutkija 78: 40-47.

Alhonen, P., 1967. Palaeolimnological investigations of three inland lakes in South-western Finland. Acta Botanica Fennica 76: 1-59. 

Alm, T., 1993. øvre Æråsvatn - palynostratigraphy of a 22,000 to 10,000 BP lacustrine record on Andøya, northern Norway. Boreas 22: 171-188. 

Ammann-Moser, B., 1975. Vegetationskundliche und pollen-analytische Untersuchungen auf dem Heiden-weg im Bielersee. Berichte Geobot. Landesaufn. d. Schweiz 56: 1-76.

Ammann, B., 1982. Säkulare Seespiegelschwankungen: wo, wie, wann, warum? Mittelungen Natf. Ges. Bern. NF 39: 97-106.

Ammann, B., 1986. Litho- and palynostratigraphy at Lobsigensee: Evidences for trophic changes during the Holocene. Hydrobiologia 143: 301-307. 

Ammann, B., 1989. Late-Quaternary palynology at Lobsigensee. Dissertations Botanicæ 137, 157 pp.+ 81 diagr. 

Ammann, B., Chaix, L., Eicher, U., Elias, S. A., Gaillard, M.-J., Hofmann, W., Siegenthaler, U., Tobolski, K. and Wilkinson, B., 1983. Vegetation, insects, molluscs and stable isotopes from late würm deposits at Lobsigensee (Swiss Plateau). Studies in the late Quaternary of Lobsigensee 7. Revue de Paléobiologie 2(2): 221-227. 

Ammann, B. and Lotter, A.F., 1989. Late-Glacial radiocarbon- and palynostratigraphy on the Swiss Plateau. Boreas 18: 109-126.

Ammann, B. and Tobolski, K., 1983. Vegetational development during the late-würm at Lobsigensee (Swiss Plateau). Studies in the late Quaternary of Anderson, J.G.C., 1947. The geology of the Highland Border: Stonehaven to Arran. Transactions of the Royal Society of Edinburgh 61: 479-515. 

Anon, 1975. Report on a hydrogeological investigation at Cranberry Rough. Anglian Water Authority, Great River Use  Division. 

Averdieck, F.-R., 1978. Palynologischer Beitrag zur Entwicklungsgeschichte des Großen Plöner Sees und der Vegetation seiner Umgebung. Archiv für Hydrobiologie 83: 1-46.             

Averdieck, F.-R., 1979. Paläobotanische Untersuchungen am Litoral des Großen Plöner Sees. Archiv für Hydrobiologie 86: 161-180. 

Averdieck, F.-R., 1994. Personal communication. Letter (Feb. 24, 1994) 

Averdieck, F.-R. and Saar, A. D., 1973. Pollen- und diatomeenanalytische Untersuchungen an jüngsten geschichteten Sedimenten aus dem Großen Plöner See (Schleswig-Holstein). Meyniana 23: 1-8. 

Balaga, K., 1982. Vegetational history of the Lake Lukcze environment (Lublin Polesie, E. Poland) during the Late-Glacial and Holocene. Acta Palaeobotanica 22: 7-22.

Battarbee, R.W., Coleraine (no initials), and Digerfeldt, G., 1976. Palaeoecological studies of the recent development of Lake Växjösjön. Archiv für Hydrobiologie 77: 330-346.

Beales, P.W., 1980. The late Devensian and Flandrian vegetational history of Crose Mere, Shropshire. New Phytologist 85: 133-161. 

Beaulieu, J.L. de, 1977. Contribution pollenanalytique à l'histoire tardiglaciaire et holocène de la végétation des Alpes méridionale fraçaises. Thèse ès sciences, Université Aix-Marseille III, 358pp.

Beaulieu, J.L. de, Pons, A. and Reille, M., 1984. Recherches pollenanalytiques sur l'historire de la végétation des Monts du Velay (Massif Central, France). Dissertationes Botanicae 72: 45-70.

Beaulieu, J.L. de and Reille, M, 1983. Paléoenvironnement tardiglaciaire et holocène des lacs de Pelléautier et Siguret (Hautes-Alpes, France). Histoire de la végétation d'après les analyses polliniques. Ecologia Mediterranea 9: 19-36.

Beckett, S.C., 1975. The Late Quaternary Vegetational History of Holderness, Yorkshire. Ph.D thesis, University of Hull. 

Beckett, S.C., 1981. Pollen diagrams from Holderness, North Humberside. Journal of Biogeography 8: 177-198. 

Behbehani, A., Handl, M., Horsthemke, E., Schmidt, R. and Schneider, J., 1985. Possible lake level fluctuations within the Mondsee and Attersee. In: D. Danielopol, R. Schmidt and E. Schultze (eds.), Contributions to the Paleolimnology of the Trumer Lakes (Salzburg) and the Lakes Mondsee, Attersee and Traunsee (Upper Austria). Limnologisches Institut Österreichischen Akademie der Wissenschaften, Mondsee. pp 136-148.

Bennett, F.G., 1884. Geological Memoirs (O.S.), Attleborough: Watton and Wymondham. 

Bennett, F.J., 1884. The Geology of the Country Around Attleborough, Watton and Wymondham. Memoirs of the Geological Survey of England and Wales. 

Bennett, K.D., 1983a. Devensian Late-glacial and Flandrian vegetational history at Hockham Mere, England. New Phytologist 95: 457-487. 

Bennett, K.D., 1983b. An occurrence of pike (Esox lucius L.) in the early post-glacial at Sea Mere, Norfolk, and the origin of British freshwater fishes. Quaternary Newsletter 41: 7-10. 

Bennett, K.D., 1986. Competitive interactions among forest tree population in Norfolk, England, during the last 10,000 years. New Phytologist 103: 603-620. 

Bennett, K.D., 1988. Holocene pollen stratigraphy of central East Anglia, England, and comparison of pollen zones across the British Isles. New Phytologist 109: 237-253. 

Berglund, B.E.  and Digerfeldt, G., 1970. A palaeoecologicl study of the Late-Glacial lake at Torreberga, Scania, South Sweden. OIKOS 21: 98-128. 

Bernardi, A., De Rita, D., Funiciello, R., Innocenti, F. and Villa, I.M., 1982. Chronology and structural evolution of Alban Hills volcanic complex, Latium, Italy. Abstract, Workshop on Explosive Volcanism, S. Martino al Cimino, C.N.R., Roma and N.S.F., USA.

Bertzen, G., 1987. Diatomeenanalytische Untersuchungen an spätpleistozänen und holozänen Sedimenten des Tegeler Sees. Berliner Geographische Abhandlungen 45: 1-151. 

Beug, H-J., 1961a. Beiträge zur postglazialen Floren- und Vegetationsgeschichte in Süddalmatien: Der See "Malo Jezero" auf Mljet. Teil 1. Vegetationsentwicklung. Flora 150: 600-631.

Beug, H-J., 1961b. Beiträge zur postglazialen Floren- und Vegetationsgeschichte in Süddalmatien: Der See "Malo Jezero" auf Mljet. Teil II: Häufigkeit und Pollenmorphologie der nachgewiessenen Pflanzensippen. Flora 150: 632-655.

Beug, H-J., 1962. Über die ersten anthropogenen Vegetationsveränderungen i Süddalmatien an Hand eines neuen Pollendiagrammes vom "Malo Jezero" auf Mljet. Sonderdruck aus den Veröffentlichungen des Geobotanischen Institutes der Eidg. Techn. Hochschule, Stiftung Rübel (Zürich) 37: 9-15

Beug, H-J., 1967. On the forest history of the Dalmation coast. Review of Palaeobotany and Palynology 2: 271-279.

Beug, H-J., 1975. Man as a factor in the vegetational history of the Balkan Peninsula. Proceedings of the First International Symposium on Balkan Flora and Vegetation, Varna, June 1973, pp. 72-78.

Beug, H-J., 1977. Vegetationsgeschichtliche Untersuchungen im Küstenberiech von Istrien (Jugoslawien). Flora 166: 357-381.

Beug, H.J., 1986. Vegetationsgeschichtliche Untersuchungen über das Frühe Neolithikum im Untereichsfeld, Landkreis Göttingen. In: Behre, K.-E. (ed.). Anthropogenic Indicators in Pollen Diagrams. P. 115-124. 1986.  

Birks, H.H., 1970. Studies in the vegetational history of Scotland. Journal of Ecology 58: 827-846. 

Birks, H.J. 1986. Personal communication. 

Björck, S. and Digerfeldt, G., 1986. Late Weichselian-Early Holocene shore displacement west of Mt. Billingen, within the Middle Swedish end-moraine zone. Boreas 15: 1-18. 

Bodor, E., 1987. Formation of the Lake Balaton palynological aspects. In: M. Pécsi and L. Kordos (eds), Holocene Environment in Hungary. Geographical Research Institute, Hungarian Academy of Sciences, Budapest. pp 77-80.

Borel, J.L., Bravard, J-P. and Monjuvent, G. (Eds), 1990. Pluvis, lac disparu: du retrait glaciaire a l'emenagement hydroelectrique. Revue de Paléobiologie, Special Volume 4: 1-101.

Borel, J.L., Brochier, J.L. and Lundstrom-Baudais, K., 1985a. Water level fluctuations of the lake Paladru (Isère, France) in the Xth and XIth centuries AD. Ecologia Mediterranea 11: 179-183.

Borel, J.L., Brochier, J.L., Lundstrom-Baudais, K. and Colardelle, M., 1985b. Une expérience de recherche concertée sur le paléoenvironnement de l'habitat médiéval immergé de Colletière (Charavines-les-Bains, Isère): sédimentologie, pollens, macrorestes végétaux. Actes des Journées, Palynologie archéologique, CRNS, pp. 313-330.

Borel, J.L., Damblon, F., Montjuvent, G., Mouthon, J. and Yates, G., 1987. Le lac de Pluvis (Bas-Bugey): paléoécologie et variations de niveau durant l'Holocène d'après le sondage 4. Travaux et Documents de Géographie tropicale 59: 25. (Résumés des communications, Xe Symposium, Associations des Palynologues de Langue Française, Bordeaux-Talence.) Centre d'Etudes de Géographie tropicale, C.R.N.S.

Bottema, S., 1967. A late Quaternary pollen diagram from Ioannina, north-western Greece. The climate, environment and industries of Stone Age Greece: part III. Proceedings of the Prehistoric Society 33: 26-29

Bottema, S., 1974. Late Quaternary vegetation history of Northwestern Greece. Proefschrift, University of Groningen, 190 pp.

Bottema, S., 1978. The Late Glacial in the eastern Mediterranean and the Near East. In: W.C. Brice, (ed.). Ur: The Environmental History of the Near and Middle east Since the last Ice Age. pp 15-28.

Bottema, S., 1979. Pollen analytical investigations in Thessaly (Greece). Palaeohistoria 21: 20-40.

Bottema, S., 1982. Palynological investigations in Greece with special reference to pollen as an indicator of human activity. Palaeohistoria 24: 258-289.

Bourdier, F., 1962. Le bassin du Rhône au Quaternaire. Editions du C.R.N.S., Paris, 364pp.

Boyd, A.J., 1956. The evolution of the drainage of the Fionn Loch area, Sutherland. Transactions of Edinburgh Geology Society 16: 229. 

Boyd, W.E. and Dickson, J.H., 1987. A post-glacial pollen sequence from Loch A'Mhuilinn, North Arran: a record of vegetation history with special reference to the history of endemic Sorbus species. New Phytologist 107: 221-244. 

Brande, A., 1980. Pollenanalytische Untersuchungen im Spätglazial und frühen Postglazial Berlins. Verhandlungen des Botanischen Vereins der Provinz Brandenburg 115: 21-72. 

Brochier, J.L. and Bocquet, A., 1991. Histoire d'une inondation: La couche de craie B2 du site Néolithique des Baigneurs a Charavines, Lac de Paladru, France. 116e Congr. nat. des Soc. sav., Chambéry, 1991, Préprotohistoire. pp 61-82.

Brochier, J.L. and Druart, J.C., 1993. Le milieu lacustre. In: M. Colardelle and E.Verdel (eds), Les habitats du Lac de Paladru (Isère) dans leur environnement. pp 39-58. Editions de la Marson de Sciences de L'Homme, Paris.

Brodin, Y.-W., 1985a. Lake history and climatic change in Northern Europe interpreted from subfossil Chironomidae (Diptera). Acta Universitatis Upsaliensis, Abstracts of Uppsala Dissertations from the Faculty of Science 787: 1-27.

Brodin, Y.-W., 1985b. The Holocene development of Lake Wielke Gacno, Northern Poland, interpreted from remains of aquatic insects. Manuscript, from thesis, 34 pp. plus figures.

Capaldi, G., Civetta, L. and Gillot, P.Y., 1985. Geochronology of Plio-Pleistocene volcanic rocks from southern Italy. Rendiconti della Societa Italiano Mineralogica è Petrologiga 40: 25-44.

Chaix, L., 1981. Le contenu paléontologique des terrasses du Léman et sa signification. Archives suisses d'anthropologie générale, Genève 45: 123-128.

Chantre, E., 1871. Les palafittes ou constructions lacustres du lac de Paladru prés de Voiron (Isère). Bulletin de Soc. Stat. Isère, pp. 397-417.

Chantre, E., 1896. Les dernières découvertes opérées en 1885 dans les palafittes du lac de Paladru (Isère). Association français pour l'Avancement des Sciences, p. 175

Charvet, B., 1886. Inventaire d'objets retirés du lac de Paladru dans les mois de février et mars 1885. Association français pour l'Avancement des Sciences, pp. 175-176.

Clerc, J., 1985. Première contribution a l'étude de la végétation Tardiglaciaire et Holocène du Piémont Dauphinois. Documents de Cartographie écologique (Grenoble) 28: 65-83.

Colardelle, M. and Manipoud, B., 1978. Premiers résultats de la fouille d'un habitat du Haut Moyen Age au "Camp de Larina" (Hieres sur Amby - Isére). Bulletin du groupe d'etudes historiques et géographiques du Bas-Dauphiné 3: 81-92.

Colardelle, R. and Colardelle, M., 1980. L'habitat médiéval immergé de Colletière à Charavines (Isère). Premier bilan des fouilles. Archéologie médiévale 10: 167-269.

Colhoun, E.A. and Mitchell, G.F., 1971. Interglacial marine formation and late glacial freshwater formation in Shortalstown, Co. Wexford. Proceedings of the Royal Irish Academy 71B: 211-245. 

Commission for the Quaternary Map of the World, 1976. Geological World Atlas. sheet 9. Unesco. 

Coûteaux, M., 1983. Fluctuations glaciaires de la fin du Würm dans les Alpes françaises, établies par les analyses polleniques. Boreas 12: 35-56.

Coûteaux, M., 1984. Recherches pollenanalytiques au lac d'Issarlès Ardèche (France): évolution de la végétation et fluctuations lacustres. Bulletin de la Société Royale de Botanique de Belgique 117: 197-217.

Craig, A.J., 1973. Studies on the Ecological History of South-east Ireland, Using pollen influx analysis and other methods. Unpublished Ph.D. thesis, University of Dublin. 

Craig, A.J., 1978. Pollen percentage and influx analysis in South-east Ireland: A contribution to the ecological history of the Late-glacial period. Journal of Ecology 66: 297-324. 

Creer, K.M., Redman, P.W. and Papamarinopoulos, S.,  1981. Geomagnetic secular variations in Greece through the last 6000 years obtained from lake sediment studies. Geophysical Journal of the Royal Astronomical Society 66: 193-219.

Cserny, T. 1987. Results of recent investigations of the Lake Balaton deposits. In: M. Pécsi and L. Kordos (eds), Holocene Environment in Hungary. Geographical Research Institute, Hungarian Academy of Sciences, Budapest. pp 67-76.

Cserny, T. and Corrada, R., 1989. Complex geological investigation of Lake Balaton (Hungary) and its results. Acta Geologica Hugarica 32: 117-130.

Cserny, T., 1990. Some results of engineering geological mapping in the Lake Balaton region. In: D.G. Price (ed), Proceedings Sixth International Association of Engineering Geology. A.A. Balkema, Rotterdam. pp 79-84.

Cserny, T., Nagy-Bodor, E. and Hajós, M., 1991. Contributions to the sedimentology and evolution history of Lake Balaton. In: M. Pécsi and F. Schweitzer (eds), Quaternary Environment in Hungary, Studies in Geography in Hungary, 26 Akadémiai Kiadó, Budapest 1991. pp 75-84.

Czeczuga, B., 1969. The history of some lakes in the north-eastern region of Poland, based on chemical investigations of the    sediments. Mittelungen Internationale Vereinigung fuer Theoretische und Angewandte Limnologie 17: 351-355.

Czeczuga, B. and Golebiewski, Z., 1966. History of Kolno Lake as revealed by the bed sediments. Schweiz Zeitschrift für Hydrologie  28: 173-183.

Czeczuga, B. and Golebiewski, Z., 1969. Chemical studies of the bed sediment of the Lake Kruklin. Acta Hydrobiologia 11: 261-272.

D'Amato, S., 1980. Il Primo Prosciugamento del Fucino. Centro Studi Marsicani, Avezzano, 292pp.

Daveau, S., 1969. Structure et relief de la Serra da Estrela. Finisterra 7, 8: 31-63.

Deevey, E.S. (ed.), 1967. Radiocarbon Measurements: Comprehensive Index, 1950-1965. Radiocarbon 7:133-211. 

Delebecque, A., 1898. Les Lacs Français. Paris, 436 pp.

Delibrias, M., Guillier, M.T. and Labeyrie, J., 1974. GIF natural radiocarbon measurements VIII. Radiocarbon 16: 15-94.

Delibrias, G., Guillier, M.T. and Labeyrie, J., 1986. GIF natural radiocarbon measurements X. Radiocarbon 28: 9-68.

Der Senator für Bau- und Wohnungswesen V, 1988. Übersichtskarte von Berlin (West) 1:50000. 

Di Girolamo, F., Ghiara, M.R., Lirer, L., Munno, R., Rolandi, G. and Stanzione, D., 1984. Vulcanologia e petrologia dei Campi Flegrei. Bollettino della Societa Geologica Italiana 103: 349-413.

Die Landesvermessungsämter der Bundesrepublik Deutschland und das Institut für Angewandte Geodäsie, 1977. Topographischer Atlas Bundesrepublik Deutschland. 

Digerfeldt, G., 1965. Vielången och Farlånfen. En utvecklingshistorisk insjöundersökning. Skånes Natur 52: 162-183.

Digerfeldt, G., 1966. Utvecklingshistoria och limnologiska observationer i Ranviken av sjön Immeln. Botaniska Notiser 119: 216-230.

Digerfeldt, G., 1971. The post-glacial development of the ancient lake at Torreberga, Scania, south Sweden. Geologiska Föreningens i Stockholm Förhandlingar 93: 601-624.

Digerfeldt, G., 1972. Post-Glacial development of Lake Trummen. Regional vegetation history, water-level changes and palaeoliminology. Folia Limnlogica Scandinavica 16: 96 pp.

Digerfeldt, G. 1974. The Post-glacial development of the Ranviken bay in Lake Immeln. I. The history of the regional vegetation, and II. The water-level changes. Geologiska Föreningens i Stockholm Förhandlingar 96: 3-32. 

Digerfeldt, G., 1975a. Post-Glacial water-level changes in lake Växjösjön, central southern Sweden. Geologiska Föreningens i Stockholm Förhandlingar 97: 167-173.

Digerfeldt, G., 1975b. The Post-glacial development of the Ranviken bay in Lake Immeln. III. Palaeolimnology. Geologiska Föreningens i Stockholm Förhandlingar 97: 13-28. 

Digerfeldt, G., 1976. A Pre-Boreal water-level change in Lake Lyngsjö, central Halland.  Geologiska Föreningens i Stockholm Förhandlingar 98: 329-336.

Digerfeldt, G., 1986. Studies on past lake-level fluctuations. In Berglund, B. (ed.), Handbook of Holocene Palaeoecology and Palaeohydrology: 127-144. John Wiley & Sons, New York. 

Digerfeldt, G., 1988. Reconstruction and regional correlation of Holocene lake-level fluctuations in Lake Bysjön, South Sweden. Boreas 17: 165-182.

Digerfeldt, G., 1994. Personal communication. 

Donner, J.J., 1967. The Late-glacial and early Post-glacial pollen stratigraphy of southern and eastern Finland. Commentationes Biologieae 29:1-24. 

Donner, J.J., Alhonen, P., Eronen, M., Jungner, H. and Vuorela, I., 1978. Biostratigraphy and radiocarbon dating of the Holocene lake sediments of Työtjärvi and the peats in the adjoining bog Varrasuo west of Lahti in southern Finland. Annales Botanici Fennici 15: 258-280. 

Drescher-Schneider, R., 1987. Type-region central Southern Alps CH-e. Lundqua Report 27: 195-197.

Dresser, P.Q. and McAulay, I.R., 1974. Dublin radiocarbon dates II. Radiocarbon 16: 6-9. 

Duret, J-J. and Martini, J., 1965. Un niveau de cendres volcaniques dans la craie lacustre du lac de Châlain (Jura français). Arch. Sc. Soc. Phys. Hist. Nat. Genève 18: 679-686.

Edwards, K.J. and Whittington, G., 1993. Aspects of the environmental and depositional history of a rock basin lake in eastern Scotland, UK. In: McManus, J. and Duck, R.W. (eds), Geomorphology and Sedimentology of Lakes and Reservoirs. John Wiley and Sons Ltd. pp 155-180. 

Einarsson, T., 1961. Pollenanalytische Untersuchungen zur spät und postglazialen Klimageschichte Island. Sonderveröffentlichungen des Geologischen Instituts der Universität zu köln 6: 1-52. 

Einarsson, T., 1969. Loftslag, sjavarhiti og hafis a forsögulegum tima. In: Hafisinn, Almenna Bokafelagid, Reykjaivik. pp 386-402. 

Ekström, G., 1950. Skånes åkerjordsområden. Socker 6: 53. Malmö (English summary). 

Ekström, G., 1961. Beskrivning till kartbladet Revinge. Sveriges Geologiska Undersökning Ad 3: 66 pp.

Engelmark, R., 1994. Personal communication. Letter (March 1994)

Erlenkeuser, H. and Willkomm H., 1979. 13C- und 14C-Untersuchungen an Sedimenten des Großen Plöner Sees. Archiv für Hydrobiologie 85: 1-29. 

Eronen, M., 1988. A scrutiny of the late Quaternary history of the Baltic Sea. Geological Survey of Finland, Special Paper 6: 11-18. 

Evans, G.H. and Walker, R., 1977. The late Quaternary history of the diatom flora of Llyn Clyd and Llyn Glas, two small oligotrophic high mountain tarns in Snowdonia (Wales). New Phytologist 78: 221-236. 

Evin, J., 1994. Personal communication. Fax (Dec. 1994)

Evin, J., Marechal, J. and Marien, G., 1983. Lyon natural radiocarbon measurements IX. Radiocarbon 25: 59-128.

Evin, J., Marechal, J. and Marien, G., 1985. Lyon natural radiocarbon measurements X. Radiocarbon 27: 386-454.

Evin, J., Marien, G. and Pachiaudi, Ch., 1973. Lyon natural radiocarbon measurements III. Radiocarbon 15: 134-155.

Evin, J., Marien, G. and Pachiaudi, Ch., 1976. Lyon natural radiocarbon measurements VI. Radiocarbon 18: 60-88.

Evin, J., Marien, G. and Pachiaudi, Ch., 1979. Lyon natural radiocarbon measurements VIII. Radiocarbon 21: 405-452.

Farr, K.M., Jones, D.M., O'Sullivan, P.E., Eglinton, G., Tarling, D.H. and Hedges, R.E.M., 1990. Palaeolimnological studies of laminated sediments from the Shropshire-Cheshire meres. Hydrobiologia 214: 279-292.

Felber, H., 1975. Vienna Radium Institute radiocarbon dates VI. Radiocarbon 17: 247-254.

Felber, H., 1985. Vienna Radium Institute radiocarbon dates XV. Radiocarbon 27: 616-622.

Felber, H., 1987. Vienna Radium Institute radiocarbon dates XV. Radiocarbon 29: 389-396.

Fels, E., 1957. Der Ioannina-See in Griechland. Stuttg. geogr. Stud. 69: 247-252.

Ferrara, G., Fornaca-Rinaldi, G. and Tongiorgi, E., 1961. Carbon-14 Dating in Pisa - II. Radiocarbon 3: 99-104.

Florschütz, F.,  Menéndez Amor, J. and Wijmstra, T.A., 1971. Palynogy of a thick Quaternary succession in southern Spain. Palaeogeography, Palaeoclimatology, Palaeoecology 10: 233-264.

Follieri, M., Magri, D. and Sadori, L., 1986. Late Pleistocene Zelkova extinction in central Italy. New Phytologist 103: 269-273.

Follieri, M., Magri, D. and Sadori, L., 1986. Late Pleistocene Zelkova extinction in Central Italy. New Phytologist 103: 269-273.

Follieri, M., Magri, D. and Sadori, L., 1988. 250,000-year pollen record from Valle di Castiglione (Roma). Pollen et Spores 30: 329-356.

Forel, F.A., 1892-1904. Le Léman. Monographie limnologique. (3 vol.). Lausanne, F. Rouge (réédité par Slatkine, Genève, 1969).

Frachon, J.C., 1980. La grotte du Gour Bleu (Fontenu, Jura). Bulletin de l'Association Spéléologique de l'Est, 3ème série, 16: 17-24.

Fritz, S.C., 1989. Lake development and limnological response to prehistoric and historic land-use in Diss, Norfolk, U.K. Journal of Ecology 77: 182-202. 

Fromm, E., 1965. Beskrivning till jordartskarta över Norrbottens län nedanför lappmarksgränsen. Sveriges Geologiska Undersoekning Serie (Ca) 39: 236. 

Gabus, J.-H., Lemdal, G. and Weidmann, M., 1987. Sur l'âge des terrasses lémaniques au SW de Lausanne. Bulletin de la Société vaudoise des Sciences naturelles 78: 419-429.

Gaillard M-J., and Berglund, B.E., 1988. Land-use history during the last 2700 years in the area of Bjäresjö, Southern Sweden. In: Birks, H.H., Kaland, P.E. and Moe, D. (eds.), The Cultural Landscape - Past, Present and Future.  Cambridge University Press, pp 409-428.

Gaillard M-J., Dearing, J.A., El-Daoushy, F., Enell, M. and Håkansson, H., 1991. A late Holocene record of land-use history, soil erosion, lake trophy and lake-level fluctuations at Bjäresjösjön (South Sweden). Journal of Paleolimnology 6: 51-81.

Gaillard, M-J., 1984a. A palaeohydrological study of Krageholmssjön (Scania, South Sweden), Regional vegetation history and water-level changes. Lundqua Report 25: 1-36.

Gaillard, M-J., 1984b. Water-level changes, climate and human impact:  A palaeohydrological study of Krageholmssjön (Scania, South Sweden). In: Mörner, N.-A. and Karlen, W. (eds.), Climatic Changes on a Yearly to Millennial Basis, D. Reidel Piblishing Company. pp 147-154.

Gaillard, M.-J., 1985. Late-glacial and Holocene environments of some ancient lakes in the western Swiss plateau. Dissertationes Botanicae 87: 273-336.

Gaillard, M.-J., Reynaud, B., Weber, B. and Wegmüller, S., 1981. Les variations tardiglaciaires et postglaciaires du niveau du lac Léman: apport des données palynologiques Aperçu bibliographique. Archives suisses d'anthropologie générale, Genève 45: 117-121.

Gaillard, M.-J. 1985. Postglacial palaeoclimatic changes in Scandinavia and central Europe. A tentative correlation based on studies of lake level fluctuations. Ecologia Mediteranea Tome XI (Fascicule 1): 159-175. 

Gallay, A. and Corboud, P., 1979. Les stations préhistoriques littorales du Léman. Où en sont nos connaissances? Archéologie Suisse 2:44-49.

Gallay, A, Corboud, P. and Chaix, L., 1980. Chronique archéologique. Annuaire de la Société Suisse de Préhistoire et d'Archéologie 63: 215-257.

Gallay, A. and Kaenel, G., 1981. Repères archéologiques pour une histoire des terrasses du Léman. Archives suisses d'anthropologie générale, Genève 45: 129-157.

Gemmell, A.M.D., 1973. The deglaciation of the Island of Arran, Scotland. Transactions of the Institute of British Geographers 59: 25-39. 

Gerlach, T., Koszarski, L., Koperowa, W. and Kosta, E., 1972. Sédiments lacustres postglaciaires dans la dépression de Jaslo-Sanok. Studia Geomorphologia Carpatho-Balcanica 6: 37-61.

Gidon, M. and Monjuvent, G., 1969. Essai de coordination des formations quaternaires de la moyenne Durance et du Haut Drac. Bulletin A.F.E.Q. 19: 145-161.

Gilbertson, D.D., 1984. Late Quaternary environments and man in Holderness. BAR British Series 134: 159-175. 

Giraudi, C., 1989. Lake levels and climate for the last 30,000 years in the Fucino area (Abruzzo-Central Italy) - a review. Palaeogeography, Palaeoclimatology, Palaeoecology 70: 249-260.

Gjelsvik, 1951. Oversikt over bergartene i SunnmØre og tilgrensede deler av Nordfjord. Norges Geologiska Undersokelse 179: 45 pp.

Godwin, H. and Tallantire, P.A., 1951. Studies in the post-glacial history of Britain vegetation. Journal of Ecology 39: 285-307. 

Godwin, H. and Willis, E.H., 1959. Cambridge University natural radiocarbon measurements I. American Journal of Science Radiocarbon Supplement 1: 63-75. 

Godwin, H., 1967. Studies of the Post-glacial history of British vegetation, XV. Organic deposits of Old Buckenham Mere, Norfolk. New Phytologist 67: 95-107. 

Godwin, H., 1968. The development of Quaternary palynology in the British Isles. Review of Palaeobotany and Palynology 6: 9-20. 

Godwin, H., Walker, D. and Willis, E.H., 1957. Radiocarbon dating and post-glacial vegetational history: Scaleby Moss. Proceedings of the Royal Society of London 147 (B): 352. 

Gronbach, G., 1961. Pollenanalytische Untersuchungen zur Geschichte des Federsees und zur vorgeschichtlichen Besiedlung. In: Zimmermann, W. (ed) 1961. Der Federsee. pp. 316-365. 

Groschopf, P., 1936. Die postglaziale Entwicklung des Großen Plöner Sees in Ostholstein auf Grund pollenanalytischer Sedimentuntersuchungen. Archiv für Hydrobiologie 30: 1-84. 

Håkansson, H., 1984. Diatom analysis of profile from the southwestern bay of Krageholmssjön (Scania, South Sweden). Lundqua Report 25: 37-40. 

Håkansson, H., 1989. Diatom succession during Middle and Late Holocene time in Lake Krageholmssjön, southern Sweden. Nova Hedwigia 48: 143-166.

Håkansson, S., 1969. University of Lund radiocarbon dates II. Radiocarbon 11: 430-450. 

Håkansson, S., 1972. University of Lund radiocarbon dates V. Radiocarbon 14: 340-357. 

Håkansson, S., 1975. University of Lund radiocarbon dates VIII. Radiocarbon 17: 174-195.

Håkansson, S., 1980. University of Lund radiocarbon dates XIII. Radiocarbon 22: 1045-1063. 

Håkansson, S., 1986. University of Lund radiocarbon dates XIX. Radiocarbon 30: 1111-1132. 

Håkansson, S., 1988. University of Lund radiocarbon dates XXI. Radiocarbon 30: 179-196. 

Hamlin, A.G., 1988. Ellesmere Historical Town Walk. The Ellesmere society, Ellesmere. 16 pp. 

Hardy, E.M., 1939. Studies of the Post-glacial history of British Vegetation. V. New Phytologist 38: 364. 

Harkness, D. and Wilson, H., 1974. Scottish University research and reactor centre radiocarbon measurements II. Radiocarbon 16: 238-251. 

Harkness, D. and Wilson, H., 1979. Scottish University research and reactor centre radiocarbon measurements III. Radiocarbon 21: 203-256. 

Harkness, D.D., 1981. Scottish University research and reactor centre radiocarbon measurements IV. Radiocarbon 23: 252-304. 

Harrison, S.P. and Digerfeldt, G., 1993. European lakes as palaeohydrological and palaeoclimatic indicators. Quaternary Science Reviews 12: 233-248.

Hassko, B., Guillet, B., Jaegy, R. and Coppens, R., 1974. Nancy natural radiocarbon measurements III. Radiocarbon 16: 118-130.

Haworth, E.Y., 1976. Two Late-glacial (Late Devensian) diatom assemblage profiles from Northern Scotland. New Phytologist 77: 227-256.  

Hibbert, F.A. and Switsur, V.R., 1976. Radiocarbon dating of Flandrian pollen zones in Wales and northern England. New Phytologist 77: 227-256. 

Higgs, E.S. and Vita-Finzi, C., 1966. The climate, environment and industries of Stone Age Greece: part II. Proceedings of the Prehistoric Society 32: 1-29.

Higgs, E.S., Vita-Finzi, C., Harris, D.R. and Fagg, A.E., 1967., The climate, environment and industries of Stone Age Greece: part III. Proceedings of the Prehistoric Society 33: 1-29.

Hjelmroos, M., 1981. The Post-Glacial development of Lake Wielke Gacno, NW-Poland. The human impact on the natural vegetation - recorded by means of pollen analysis and 14C dating. Acta Palaeobotanica 21: 129-144.

Hjelmroos, M., 1982. The Holocene development of Lake Wielke Gacno, NW Poland. Acta Palaeobotanica 22: 23-46.

Hjelmroos-Ericsson, M., 1981. Holocene development of Lake Wielke Gacno area, northwestern Poland. Ph.D thesis, Lund University, Sweden.

Hofmann, W., 1985. Developmental history of Lobsigensee: subfossil Cladocera (Crustacea). Dissertations Botanicæ 87: 150-153.  

Hohl, R., Altermann, M., Baumann, L., Daber, R., Franke, D., Gaedeke, R., Guntau, M., Hantzsche, E., Havemann, H., Helms, J., Hirschmann, G., Hoth, K., von Hoyningen-Huene, E., Klengel, K., Kolp, O., Krull, P., Lange, D., Lange, H., Lauterbach, R., Lotsch, D., Ludwig, A., Meinhold, R., Nöldeke, W., Olszak, G., Prescher, H., Reichstein, M., Richter, H., Röllig, G., Scheumann, H., Schwab, M., Seidel, G., Stammberger, F., Wagenbreth, O., Werner, C.-D., Wormbs,  J. and Wünsche, M., 1985. Die Entwicklungsgeschichte der Erde. Hanau. 703pp. 

Hunt, T.G. and Birks, H.J., 1982. Devensian late-glacial vegetational history at Sea Mere, Norfolk. Journal of Biogeography 9: 517-538. 

Huntley,  B. and Birks, H.J.B., 1983. An Atlas of Past and Present Pollen Maps for Europe: 0-13000 years ago. Cambridge. 667pp. 

Huttunen, P., 1980. Early land use, especially the slash-and-burn cultivation in the commune of Lammi, southern Finland, interpreted mainly using pollen and charcoal analysis. Acta Botanica Fennica 113: 1-45. 

Huttunen, P., Meriläinen, J. and Tolonen, K., 1978. The history of a small dystrophied forest lake, southern Finland. Polskie Archiwum Hydrobiologii 25: 189-202. 

Hyvärinen, H., 1968. Late-Quaternary sediment cores from lakes on Bjørnøya. Geografiska Annaler 50 (A): 235-245.

Hyvärinen, H., 1970. Flandrian pollen diagrams from Svalbard. Geografiska Annaler 52 (A): 213-222.

Hyvärinen, H., 1972. Flandrian regional pollen assemblage zones in eastern Finland. Commentationes Biologicae 59: 1-25. 

Hyvärinen, H. 1973. The deglaciation history of eastern Fennoscandia - recent data from Finland. Boreas 2: 285-99. 

Hyvärinen, H. and Alhonen, P. 1994. Holocene lake-level changes in the Fennoscandian tree-line region, western Finnish Lapland: diatom and cladoceran evidence. The Holocene 4: 251-258. 

Hyvärinen, H., Martam, T. and Punning, J-M., 1990. Stable isotope and pollen stratigraphy of a Holocene lake marl section from NE Finland. Boreas 19: 17-24.

Ilmavirta, V., Ilmavirta, K. and Kotimaa, A.-L., 1974. Phytoplanctonic production during the summer stagnation in the eutrophicated lakes Lovojärvi and Ormajärvi, southern Finland.  Annales Botanici Fennici 11: 121-132. 

Irlweck and Danielopol, 1985. Caesium-137 and lead-210 dating of recent sediments from Mondsee (Austria). Hydrobiologia 128: 175-185.

Irti, U., 1980. La presenza dell'uomo. In: Cianciusi, V., Irti, U. and Grossi, G. (Eds), Profili di Archeologia Marsicana. Rotary Club, Avezzano, 185pp.

Jacobson, H.A., 1994. Interaction of the Holocene climate, water balance, vegetation, fire, and the cultural land-use in Swedish Borderland. Lundqua Thesis 30: 82 pp. 

Jalas, J. 1958. Suuri kasvikirja. Helsinki. pp 851. 

Janssen, C.R. 1985. História da vegetação. In: Glaciacao da Serra da Estrela; aspectos do Quaternario da Orla Atlantica Livro guia da prereuniao I reuniao do Quaternario Iberico de Grupo de trabalho portugues para o estudo do Quaternario and Grupo espanol de trabajo del cuaternario. pp 66-72.

Janssen, C.R. and Woldringh, R.E., 1981. A preliminary radiocarbon dated pollen sequence from the Serra da Estrela, Portugal. Finisterra 16: 299-309.

Janssen, C.R., 1988. Personal communicationn. Letter.

Jones, R., 1984. Heavy metals in the sediments of Llangorse Lake, Wales, since Celtic-Roman times. Verhandlungen Internationale Vereinigung Limnologie 22: 1377-1382. 

Jones, R., Benson-Evans, K. and Chambers, F.M., 1985. Human influence upon sedimentation in Llangorse Lake, Wales. Earth Surface Processes and Landforms 10: 227-235. 

Jones, R., Benson-Evans, K., Chambers, F.M., Seddon, B.A. and Tai, Y.C., 1978. Biological and chemical studies of sediments from Llangorse Lake, Wales. Verhandlungen Internationale Vereinigung Limnologie 20: 642-648. 

Kinnunen, H., 1988. Fossil ostracods in the calcareous sediment of Lake  Vanhalampi, Fuusamo (in Finnish). Unpublished master's thesis, Department of Geology, University of Oulu. 

Klaus, W. Von, 1975. Des Mondsee-Interglazial, ein neuer Florenfundpunkt der Ostalpen. Jahrbuch Oberösterreichischen Musealvereines 120: 315-344.

Kock, U.J., 1970. Untersuchungen mit der 14C-Methode an Süßwassersedimenten. Staatsexamenarbeit, Universität Kiel. 180pp. 

Kondracki, J., 1969. Changements du niveau des lacs comme résultat des oscillations du climat pendant l'holocène (Sur l'exemple du Ne de la Pologne). Geographia Polonica 17:119-131.

Kondracki, J., Korolec, H., Stasiak, J., Szostak, M. and Wieckowski, K.,  1966. Histoire des lacs mazuriens. Verhandlugen Internationale Vereinigung Fuer Theoretische und Angewandte Limnologie 16: 270-273.

Koponen, T. 1977. Drepanocladus tenuinervis, a new moss from Finland. Memoranda Society Fauna Flora Fennica 53: 9-13. 

Korhola, A.A. and Tikkanen, M.J., 1991. Holocene development and early extreme acidification in a small hilltop lake in southern Finland. Boreas 20: 333-356. 

Kornfält, K-A., Wikman, H. and Samuelsson, L., 1986. Berggrundskarta över Kronobergs län. In: Söderholm, H., Fogdestam, B. and Equgqvist, P., Beskrivning till kartan över grundvattnet i Kronobergs län. Sveriges Geologiska Undersökning Ah 10: 88 pp.

Kristiansen, I.L., Mangerud, J. and LØmo, L., 1988. Late Weichselian/early Holocene pollen- and lithostratigraphy in lakes in the Ålesund area, western Norway. Review of Palaeobotany and Palynology 53: 185-231.

Kuhn, L., 1961. Die Verlandungsgesellschaften des Federseerieds. In: Zimmermann, W. (ed) 1961. Der Federsee. pp. 1-69. 

Kukkonen, E. and Tynni, R., 1972. Sediment core from lake Lovojärvi, a former meromictic lake (Lammi, south Finland). Annales Academiae Scientiarum Fennicae, Fennica	1972: 70-82. 

Küttel, M., 1979. Pollenanalytische Untersuchungen zur Vegetationsgeschichte und zum Gletscherrückzug in den westlichen Schweizer Alpen. Berichte der schweizerischen botanischen Gesellschaft 89: 9-62. 

Lambert, G., Pétrequin, P. and Richard, H., 1983. Périodicité de l'habitat lacustre néolithique et rythmes agricoles. L'Anthropologie 87: 393-411.

Länderarbeitsgemeinschaft Wasser (LAWA), 1985. Seen in der Bundesrepublik Deutschland. 27pp. 

Lang, G. and Tobolski, K., 1985. Hobschensee - late-glacial and holocene environment of a lake near the timberline. Dissertations Botanicæ 87: 209-228.  

Leboutet, L., Colardelle, M., Charles, E. and Dangreux, B., 1983. L'étude dendrochronologique de l'habitat médiéval immergé de Colletière, à Charavines (Isère): interprétations archéologiques. Archéologie médiévale 13: 131-154.

Lehmusluoto, P. and Ryhänen, R., 1972. Lake Hakojärvi, a polyhumic lake in Southern Finland. Verhandlugen Internationale Vereinigung Limnologie 18: 403-408. 

Lie, S.E., Stabell, B. and Mangerud, J., 1983. Diatom stratigraphy related to Late Weichselian sea-level changes in SunnmØre, western Norway. Norges Geologiska Undersokelse 280:203-219.

Liese-Kleiber, H., 1984. Pollenanalysen am Federsee-Forschungsstand und neue Untersuchungen. Berichte zu Ufer- und Moorsiedlungen Südwestdeutschlands 1: 80-100. 

Löffler, H., 1983. Aspects of the history and evolution of Alpnine lakes in Austria. Hydrobiologia 100: 143-152.

Lotter, A., 1987. Late-glacial vegetational succession and chronology at Lake Rotsee, Switzerland (Abstract). In: M.J. Gaillard (ed), Palaeohydrological changes in the temperate zone in the last 15000 years. Lundqua Report 27: 202-203. 

Lotter, A., 1988a. Past water-level fluctuations at Lake Rotsee (Switzerland), evidenced by diatom analysis. In: U. Miller and A. Robertsson (eds.), Proceedings of Nordic Diatomist Meeting, University Stockholm, Department of Quaternary Research (USDQR) Report 12: 47-55.

Lotter, A., 1988b. Paläoökologische und paläolimnologische Studie des Rotsees bei Luzern. Pollen-, grossrest-, diatomeen- und sedimentananalytische Untersuchungen. Dissertationes Botanicæ 124: pp 187.

Lotter, A. and Zbinden, H., 1989, Late-Glacial pollen analysis, oxygen-istope record, and radiocarbon stratigraphy from Rotsee (Lucerne), Central Swiss plateau. Eclogicae Geologicae Helvetiae 82: 191-202.

Lumiala, O.V., 1939. Das Moor Vanhalammensuo (Kuusamo, Korvasvaara). Annales botanici Societatis Zoologicae Botanicae Fennicae 'Vanamo' 12: 1-16. 

Magnin, A., 1904. Monographies Botaniques de 74 Lacs  Jurassiens. Klincksieck, Paris, 426 pp.

Magny, M. and Olive, P., 1981. Origine climatique des variations du niveau du lac Léman au cours de l'Holocène La crise de 1700 à 700 ans BC. Archives suisses d'anthropologie générale, Genève 45: 159-169.

Magny, M. and Richard, H., 1987. Contribution a l'histoire du Lac des Rousses (Jura, France): recherches sedimentologiques et palynologiques. Revue de Paléobiologie 6: 89-103.

Magny, M. and Richard, H., 1989. Contribution à l'histoire du Petit Lac de Clairvaux. Recherches palynologiques et sédimentologiques. In: Pétrequin, P. (ed.), Les Sites Littoraux Néolithiques de Clairvaux-les-lacs (Jura). II. Le Néolithique moyen. Editions de la Maison des Sciences de l'Homme, Paris, pp. 79-84.

Magny, M., Richard, H. and Evin, J., 1988. Nouvelle contribution a l'histoire holocène des lacs du Jura français: recherches sédimentologiques et palynologiques sur les lacs de Chalain, de Clairvaux et d l'Abbaye. Revue de Paléobiologie 7: 11-23.

Magri, D., 1989. Interpreting long-term exponential growth of plant populations in a 250 000-year pollen record from Valle di Castiglione (Roma). New Phytologist 112: 123-128.

Mangerud, J., 1992. Personal communication. Letter (Agu. 1992)

Mangerud, J., Andersen, S.T. Berglund; B.E. and Donner, J.J., 1974. Quaternary stratigraphy of Norden, a proposal for terminology and classification. Boreas 3: 109-126. 

Mangerud, J., Lie, S.E., Furnes, H., Kristiansen, I.L. and LØmo, L., 1984. A Younger Dryas ash bed in Western Norway, and its possible correlations with tephra in cores from the Norwegian Sea  and North Atlantic. Quaternary Research 21: 85-104.

Mannion, A.M., 1978a. Late Quaternary deposits from Linton Loch, southeast Scotland. I. Absolute and relative pollen analyses of limnic sediments. Journal of Biogeography 5: 193-206. 

Mannion, A.M., 1978b. Late Quaternary deposits from Linton Loch, southeast Scotland. II. The diatom assemblage of a marl core. Journal of Biogeography 5: 301-318. 

Mannion, A.M., 1978c. Chemical analyses of the basal sediments from Linton Loch,  South-east Scotland. Chemosphere 3: 291-296. 

Mannion, A.M., 1981. Chemical analyses of a marl core from S.E. Scotland. Chemosphere 10: 495-504. 

Mannion, A.M., 1982. Palynological evidence for lake-level changes during the Flandrian in Scotland. Transactions of the Botanical Society of Edinburgh 44: 13-18. 

Marciniak, B., 1988. Diatoms in bottom sediments of Lake Hobschen, Simplon, Switzerland, Preliminary report. In: Lang, G., and Schlüchter C., (eds.) 1988. Lake, Mire and River Environments During the Last 15000 Years. Balkema. Rotterdam. P. 31-39. 

Maristo, L., 1941. Die Seetypen Finnlands auf floristischer und vegetationsphysignomisher Grundlage. Annales Botanici Societatis Zoologicae-Botanicae Fennicae Vanamo 15: 1-314. 

McKeever, M.H., 1984. Comparative Palynological Studies of Two Lake Sites in Western Ireland and North-Western Spain. M.Sc. thesis, Trinity College, Dublin, 63 pp. + appendices.

Menéndez Amor, J. and Florschütz, F., 1961. Contribución al conocimiento de la historia de la vegetación en España durante el Cuaternario. Estudios Geologicos XVII: 83-99.

Menéndez Amor, J. and Florschütz, F., 1962. Un aspect de la végétation en Espagne méridionale durant la dernière glaciation et l'Holocène. Geologie en Munbouw 41: 131-134.

Menéndez Amor, J. and Florschütz, F., 1963. Sur les éléments steppiques dans la végétation quaternaire de l'Espagne.  Boletín de la Real Sociedad Española de Historia Natural (Sección Geológica) 61: 121-133.

Menéndez Amor, J. and Florschütz, F., 1964. Results of the preliminary palynological investigation of samples from a 50m boring in southern Spain. Boletín de la Real Sociedad Española de Historia Natural (Sección Geológica) 62: 251-255.

Menéndez Amor, J. and FlorschÜtz, F., 1964. Resultados del anàlisis paleobotànico de una capa de turba en las cercanìas de Huelva (Andalucìa). Estudios Geololgcos XX: 183-186.

Molloy, K and O'Connell, M., 1987. The nature of the vegetational changes at about 5000 B.P. with particular reference to the elm decline: Fresh evidence from Connemara, western Ireland. New Phytologist 106: 203-220. 

Molloy, K and O'Connell, M., 1991, Palaeoecological investigations towards the reconstruction of woodland and land-use history at Lough Sheeauns, Connemara, western Ireland. Review of Palaeobotany and Palynology 67: 75-113. 

Mosby, J., 1935. Hockham Mere. Transactions of the Norfolk and Norwich Naturalists Society 14: 61-67. 

Müller, G. and Wagner, F., 1978. Holocene carbonate evolution in Lake Balaton (Hungary): a response to climate and impact of man. Special Publications of the International Association of Sedimentologists 2: 57-81.

Narcisi, B., Anselmi, B., Catalano, F., Dai Pra, G. and magri, G., 1992. Lithostratigraphy of the 250,000-year lacustrine sediments core from Valle di Castiglione crater (Roma). Quaternary Science Reviews 11: 353-362.

Nelms, R.J., 1984. Palaeolimnological Studies of Rostherne Mere and Ellesmere Mere. Ph.D thesis, CNAA (Liverpool Polytechnic.). 

Niemelä, J., 1971. Die quartäre Stratigraphie von Tonablagerungen und der RÜckzug des Inland eises zwischen Helsinki und Hämeenlinna in SÜdffinland. Geological Survey of Finland Bulletin 253: 1-79. 

Niewiarowski, W., 1978. Fluctuations of water-level in the Goplo Lake and their reasons. Polskie Archiwum Hydrobiologii 25: 301-306.

Nilsson, T., 1964. Ein neues standardpollendiagramm aus Bjärsjöholmssjön in Schonen. Lunds universitets årsskrift N.F.2 56: 34. 

Nilsson, T., 1967. Pollenanalytische datierung mesolitischer siedlungen im Randgebiet des Ageröds mosse im mittleren Schonen. Acta Universitatis Lundensis II 16: 1-80.

Noryskiewicz, B., 1982. Lake Steklin - a reference site for the Dobrzyn-Chelmno Lake District, N. Poland. Report on palaeoecological studies for the IGCP-Project No. 158B. Acta Palaeobotanica 22: 65-83.

O'Sullivan, P.E., 1975. Early and Middle-Flandrian pollen zonation in the Eastern Highlands of Scotland. Boreas 4: 197-207. 

O'Sullivan, P.E., 1976. Pollen analysis and radiocarbon dating of a core from Loch Pityoulish, Eastern Highlands of Scotland. Journal of Biogeography 3: 293-302. 

O'Sullivan, P.E., 1984. Personal communication by letter. 

O'Sullivan, P.E., 1990. Studies of varved sediments in the Shropshire-Cheshire meres, UK. In: Saarnisto, M. and Kahra, A. (eds), Geological Survey of Finland, Special Paper 14: 33-46.

Ödman, O.H., 1957. Beskriving till Berggrundskarta över urberget i Norrbottens län. Sveriges Geologiska Undersoekning Serie (Ca)  41: 151. 

Oeggl, K., 1987. A reference site for the valleys and montane woodlands of the Western Alpine region of Austria: the raised bog "The Schwemm". Lundqua Report 27: 193-194.

Oeggl, K., 1988. Beiträge zur Vegetationsgeschichte Tirols VII: Das Hochmoor Schwemm. Berichte des naturwissenschaftlich-medizinischen Vereins Innsbruck 75: 37-60.

Oeggl, K. and Eicher, U., 1989. Pollen- and oxygen-isotope analyses of late- and postglacial sediments from the Schwemm raised bog near Walchsee in Tirol, Austria. Boreas 18: 245-253.

Oeschger, H., Andrée, M., Moell, M., Riesen, T., Siegenthaler, U., Ammann, B., Tobolski, K., Bonani, B., Hofmann, H.-J., Morenzoni, E., Nessi, M., Suter, M. and Wölfli, W., 1985. Radiocarbon chronology at Lobsigensee. Comparison of materials and methods. Dissertations Botanicæ 87: 135-139.  

Ohlmer, W., 1955; 1956. See und Burg. Ein erster Beitrag zur Burgengeschichte des Seeburger Sees. Die Goldene Mark, Zeitschrift für Heimatarbeit im Kreis Duderstadt 6: 17-28, 33-38. 7: 1-6, 41-43. Duderstadt (Mecke). 

Olive, P., 1972. La région du lac Léman depuis 15000 ans: données paléoclimatiques et préhistoriques. Revue de Géographie physique et Géologie dynamique XIV: 253-264.

Olive, P., 1993. Le radiocarbone. In: M. Colardelle and E. Verdel (eds), Les habitats du Lac de Paladru (Isère) dans leur environnement. pp 287-289. Editions de la Maison de Sciences de L'Homme, Paris.

Olsson, I. U., 1968. Radiocarbon analyses of lake sediment samples from Bjørnøya. Geografiska Annaler 50 (A): 246-247.

Overbeck, F., 1975. Botanisch-geologische Moorkunde. Neumünster. pp 719. 

Pachur, H.-J. and Haberland, W., 1977. Untersuchungen zur morphologischen Entwicklung des Tegeler Sees (Berlin). Die Erde 108: 320-341. 

Pachur, H.-J. and Röper, H.-P., 1984. Geolimnologische Befunde des Berliner Raumes. Berliner Geographische Abhandlungen 36: 37-49. 

Pachur, H.-J. and Röper, H.-P., 1987. Zur Paläolimnologie Berliner Seen. Berliner Geographische Abhandlungen 44: 1-150. 

Pachur, H.-J., 1989. Geoecological aspects of the late Pleistocene and Holocene evolution of the Berlin lakes. Catena Supplement 15: 107-119. 

Pazdur, M.F., Awsiuk, R., Bluszcz, A., Goslar, T., Pazdur, A., Walanus, A. and Zastawny, A., 1985. Gliwice radiocarbon dates X. Radiocarbon 27: 52-73.

Pearson, G.W. and Pilcher, J.R., 1975. Belfast radiocarbon dates VIII. Radiocarbon 17: 226-238. 

Peese, S., 1994. Personal communication. Letter (December 27, 1994)

Pécsi, M., 1964. Ten years of Physicogeographical Research in Hungary. Publishing House of Hungarian Academy of Sciences, Budapest. pp 132.

Peglar, S., Fritz, S.C. and Birks, H.J., 1989. Vegetation and land-use history at Diss, Norfolk, U.K. Journal of Ecology 77: 203-222. 

Peglar, S., Fritz, S.C., Alapieti, T., Saarnisto, M. and Birks, H.J.B. 1984. The composition and formation of laminated sediments in Diss Mere, Norfolk, England. Boreas 13: 13-28. 

Pennington, W., 1975a. A chronostratigraphic comparison, illustrated by Britain. Boreas 4: 157-171. 

Pennington, W., 1975b. A chronostratigraphic of Late-Weichselian and Late-Devensian subdivisions illustrated by two radiocarbon-dated profile from western Britain. Boreas 4: 157-171. 

Pennington, W., Haworth, E.Y., Bonny, A.P. and Lishan, J.P., 1972. Lake sediments in Northern Scotland. Philosophical Transactions of Royal Society of London 264 (B): 191-293. 

Pennington, W. and Sackin, M.J., 1975. An application of principal components analysis to the zonation of two Late-Devensian profiles, I. Numerical analysis. New Phytologist 75: 419-440. 

Pétrequin, P. (ed.), 1986. Les Sites Littoraux Néolithiques de Clairvaux-les-lacs (Jura). I. Problématique générale. L'example de la station III. Editions de la Maison des Sciences de l'Homme, Paris.

Pétrequin, P. and Olive, P., 1986. Les dates carbone 14 de la station III. In: In: Pétrequin, P. (ed.), Les Sites Littoraux Néolithiques de Clairvaux-les-lacs (Jura). I. Problématique générale. L'example de la station III. Editions de la Maison des Sciences de l'Homme, Paris, pp. 168-170.

Pons, A. and Reille, M., 1988a. Nouvelles recherches pollenanalytiques a Padul (Granada): la fin du dernier glaciaire et l'Holocene. In: López-Vera, F. (ed), Quaternary Climate in Western Mediterranean. Universidad Autónoma de Madrid. 405-420 pp.

Pons, A. and Reille, M., 1988b. The Holocene- and upper Pleistocene pollen record from Padul (Granada, Spain): a new study. Palaeogeography, Palaeoclimatology, Palaeoecology 66: 243-263.

Porte, P., 1980. Un exemple de site fortifié du Haut-Moyen-Age. L'habitat mérovingien de larina à Hières-sur-Amby (Isère). Centre d'Archéologie historique des Musées de Grenoble et de l'Isère. D.E.A. Université d'Aix-Marseille I.

Radicati di Brozolo, F., Huneke, J.C. and Wasserburger, G.J., 1978. Ar/Ar and Rb-Sr age determinations on Quaternary volcanic rocks from the Roman volcanic province. 4th International Conference on Geochronology and Cosmochronology, Denver, pp 445-448.

Radmilli, A.M., 1963. Il paleolitico superiore nel riparo maurizio. Contributo per una datazione del detrito di falda nel Fucino. Atti della Societa Toscana di Scienze Naturali in Pisa. Memorie Ser. A 70: 220-243.

Radmilli, A.M., 1977. Storia dell'Abruzzo dalle origini all'Età del Bronzo. Giardini, Pisa, 455pp.

Raffy, J., 1970. Etude géomorphologique du bassin d'Avezzano (Italie Centrale). Méditeranée 1: 3-18.

Reite, A.J., 1967. Lokalglaciasjon på SunnmØre. Norges Geologiska Undersokelse 247: 262-287.

Renberg, I. and Segerström, U., 1981. The initial points on a shoreline displacement curve for southern Västerbotten, dated by varve-counts of lake sediments. Striae 14: 174-176. 

Reynolds, C.S., 1973. The phytoplankton of Crose Mere, Shropshire. British Phycological Journal 8: 153. 

Richard, H. 1989. L'analyse pollinique du Petit Lac: les six mètres supèrieurs. In: Pétrequin, P. (ed.), Les Sites Littoraux Néolithiques de Clairvaux-les-lacs (Jura). II. Le Néolithique moyen. Editions de la Maison des Sciences de l'Homme, Paris, pp. 45-49.

Rösch, M., 1983. Geschichte der Nussbaumer Seen (Kanton Thurgau) und ihrer Umgebung seit dem Ausgang der letzten Eiszeit aufgrund quartärbotanischer, stratigraphischer und sedimntologischer Untersuchungen. Mitteilungen der Thurgauischen Naturforchenden Gesellschaft 45: 1-103.

Rösch, M., 1985. Nussbaumer Seen - Spät- und postglaziale Umweltsveränderungen einer Seengruppe im östlichen schweizer Mittelland. Dissertationes Botanicae 87: 337-379.Firbas, F., 1949. Spät- und nacheiszeitliche Waldgeschichte Mitteleuropas nördlich der Alpen. Erste Band: Allgemeine Waldgeschichte. Jena. 480pp. 

Saarnisto, M., Huttuen, P. and Tolonen, K., 1977. Annual lamination of sediments in Lake Lovojärvi, south Finland, during the past 600 years. Annales Botanici Fennici 14: 35-45. 

Sauramo, M., 1958. Die geschichte der Ostsee. Annales Academiae Scientiarum Fennicae 51(A, III): 1-522. 

Schloss, S., 1979. Pollenanalytische und stratigraphische Untersuchungen im Sewensee. Ein Beitrag zur späat- und postglazialen Vegetationsgeschichte der Südvogesen. Dissertationes Botanicae 52: 1-138.

Schmidt, R., 1986. Palynologie, stratigraphie und Großreste von Profilen der neolithischen station See am Mondsee, Oberösterreich. In: W. Johann Offenberger (ed), Pfahlbauten, Feuchtbodensiedlungen und Packwerke. Bodenmerkmale in einer modernen Umwelt 70: 227-235.

Schmitz, H., 1961. Pollenanalytische Untersuchung in Hohen Viecheln am Schweriner See. Schriften der Sektion zur Vor- und Frühgeschichte 10: 14-38. 

Schneider, R. and Tobolski, K., 1983. Palynologische und stratigraphische Untersuchungen im Lago di Ganna (Vares, Italien). Botanica Helvetica 93: 115-122.

Schneider, R. and Tobolski, K., 1985. Lago di Ganna - Late-glacial and Holocene environments of a lake in the Southern Alps. Dissertationes Botanicae 87: 229-271.

Schweitzer, C. and Soffel, H.C., 1980. Palaeointensity measurements on postglacial lavas from Iceland. Journal of Geophysics 47: 57-60. 

Seddon, B., 1957. Late-glacial cwm glaciers in Wales. Journal of Glaciology 3: 94-98. 

Segerström, U., 1990a. The history of agriculture and vegetation at Edefors as reflected in two varved lake sediments. In Segerström, U. (ed), The Post-glacial history of vegetation and agriculture in the Luleälv river valley.  Archaeology and Environment 7: 39-57. 

Segerström, U., 1990b. The long-term vegetational development of the Mid-Luleälv valley, at Vuollerim and Jokkmokk. Archaeology and Environment 7: 58-69. 

Serruya, C., 1969. Les dépôts du Lac Léman en relation avec l'évolution du bassin sédimentaire et les caractères du milieu lacustre. Archives des Sciences 22: 125-254.

Simola, H. and Tolonen, K., 1981. Diurnal laminations in the varved sediment of Lake Lovojävi, south Finland. Boreas 10: 19-26. 

Sims, R.E., 1973. The anthropogenic factor in East Anglia vegetational history: an approach using APF techniques. In: Birks, H.J.B. and West, R.G. (eds.), Quaternary Plant Ecology. Blackwell Science, Oxford. 

Sims, R.E., 1978. Man and vegetation in Norfolk. in: Limbrey, S. and Evans, J.G.(eds), The Effect of Man on the Landscape: the Lowland Zone. Council of British Archaeology Report 21: 57-62. 

Smith, A.G., 1961. Cannons Lough, Kilrea, Co. Derry: Stratigraphy and pollen analysis. Proceedings of Royal Irish Academy 61(B): 369-383. 

Smith, A.G., 1970. Late- and Post-glacial vegetational and climatic history of Ireland: A review. in: Stephens, N. et al.(eds), Irish Geographical Studies. Queen's University of Belfast.  

Sorsa, P., 1965. Pollenanalytische untersuchungen zur spätqartären vegetations und klimaentwicklung im östlichen Nordfinland. Annales Botanici Fennici 2: 301-413. 

Sparks, B.W., Williams, G., and Bell, G., 1972, Presumed ground-ice depressions in Eastern England, Proceedings of the Royal Society of London 327 A: 329-343. 

Stasiak, J., 1963. Historia jeziora Kruklin w swietle osadów strefy litoralnej. Polska Akademia Nauk Instytut Geografii, Prace Geograficzne 42: 1-94.

Stevenson, A.C., 1985. Studies in the vegetational history of S.W. Spain. II. Palynological investigations at Laguna de las Madres, S.W. Spain. Journal of Biogeography 12: 293-314. 

Stewart, D.A., Walker, A. and Dickson, J.H., 1984. Pollen diagrams from Dubh Lochan, near Loch Lomond. New Phytologist 98: 531-549. 

Streif, H., 1970. Limnogeologische Untersuchung des Seeburger Sees (Untereichsfeld) (Geologische Untersuchungen an niedersächsischen Binnengewässern VII). Beihefte zum Geologischen Jahrbuch 83: 106pp. 

Switsur, V. and West, R., 1981. Cambridge University Natural Radiocarbon Measurements XVI. Radiocarbon 23: 302-308. 

Switsur, V. and West, R., 1973. University of Cambridge natural radiocarbon measurements, XII. Radiocarbon 15: 534-544. 

Taayke, 1988. Personal communication. Letter (Sept. 23, 1988).

Tallantire, P.A., 1954. Old Buckenham Mere, Data for the study of Post-glacial history. New Phytologist 53: 131-139. 

Tanner, P.W.G. and  Shackleton, R.M., 1979. Structure and stratigraphy of the Dalradian Rocks of the Beannabeola Area, Connemara, Eire. Special Publication of the Geological Society of London 8: 243-256. 

Thelaus, M., 1989. Late Quaternary vegetation history and palaeohydrology of the Sandsjön-Arshult area, southwestern Sweden. Lundqua Thesis 26: 77 pp. 

Tikkanen, T., 1972. Uber die höheren Wasserpflanzen des polyhumosen Sees Hakojärvi. Memoranda Societatis pro Fauna et Flora  Fennicica 48: 55-61. 

Tikkanen, T., 1972. Uber die höheren Wasserpflanzen des polyhumosen Sees Hakojärvi. Memoranda Society Fauna Flora Fennica 48: 55-61. 

Tobolski, K., 1985. Plant macrofossils from Lobsigensee. Dissertations Botanicæ 87: 140-143. 

Tolonen, K., 1980. Comparison between radiocarbon and varve dating in Lake Lampellonjärv, south Finland. Boreas 9: 11-19.  

Tolonen, K., Tolonen, M., Honksalo, L., Lehtovaara, A., Sorsa, K and Sundberg, K., 1976. The influence of prehistoric and historic land use on Lake Lampellonjärvi, South Finland. Luonnon Tutkija 80: 1-15. 

Tolonen, K. and Runhijärvi, R., 1976. Standard pollen diagrams from the Salpausselkä region of Southern Finland. Annales Botanici Fennici 13: 155-196. 

Tolonen, M. 1978a. Paleoecology of annually-laminated sediments in Lake Ahvenainen, South Finland. I: Pollen and charcoal analysis and their relation to human impact. Annales Botanici Fennici 15: 177-208. 

Tolonen, M. 1978b. Paleoecology of annually-laminated sediments in Lake Ahvenainen, South Finland. II: Comparison of dating methods. Annales Botanici Fennici 15: 209-222. 

Tolonen, M. 1978c. Paleoecology of annually-laminated sediments in Lake Ahvenainen, South Finland. III: Human influence on lake development. Annales Botanici Fennici 15: 177-208. 

Tolonen, M. 1980a. Identification of fossil Ulmus pollen in sediments of lake Lamminjärvi, S Finland. Annales Botanici Fennici 17: 7-10. 

Tolonen, M. 1980b. Postglacial pollen stratigraphy of lake Lamminjärvi, S Finland. Annales Botanici Fennici 17: 15-25.

Tolonen, M. 1980c. Degradation analysis of pollen in sediment of lake Lamminjärvi, S Finland. Annales Botanici Fennici 17: 11-14. 

Tolonen, M. 1981. An absolute and relative pollen analysis study on prehistoric agriculture in South Finland. Annales Botanici Fennici 18: 213-220. 

Tolonen, M. 1984. Differences in pollen and macrophytic remains in sediments from various depths in a small kettle-hole lake in southern Finland. Boreas 13: 404-412. 

Valentin, H., 1957. Glazialmorphologische untersuchungen in Ostengland. Abhandlungen Geographischen Institut, Universität Berlin: 1-86. 

Van den Bogaard, P. and Schmicke, H.-U., 1985. Laacher See Tephra: A widespread isochronous late Quaternary tephra layer in central and northern Europe. Geological Society of America Bulletin 96: 1554-1571. 

Van den Brink, L.M. and Janssen, C.R. 1985. The effect of human activities during cultural phases on the development of montane vegetation in the Serra da Estrela, Portugal. Review of Palaeobotany and Palynology 44: 193-215.

Vasari, Y., 1962. A study of the vegetational history of the Kuusamo district (north east Finland) during the late-Quaternary period. Annales Botanici Societatis Zoologicae Botanicae Fennicae 'Vanamo' 33: 1-138. 

Vasari, Y., 1972. The history of the vegetation of Iceland during the Holocene. In: Vasari, Y., Hyvärinen, H. and Hicks, S. (eds.), Climatic changes in Arctic areas during the last ten-thousand years. Acta University of Oulu A3 (1972): 239-251. 

Villaret, P. and Burri, M., 1965. Les découvertes palynologiques de Vidy et leur signification pour l'historire du Lac Léman. Bulletin de la Société vaudoise des Sciences naturelles 69: 1-19.

Vogel J.C. and Waterbolk, H.T., 1972. Groningen radiocarbon dates X. Radiocarbon 14: 6-110.  

Vorren, K.-D., 1978. Late and middle Weichselian stratigraphy of Andøya, north Norway. Boreas 7: 19-38. 

Vorren, T., Vorren, K.-D., Alm, T., Gulliksen, S. and Løvlie, R., 1988. The last deglaciation (20,000 to 11,000 B.P.) on Andøya, northern Norway. Boreas 17: 41-77. 

Walker, M.J.C., 1982a. The late-glacial and early Flandrian deposits at Traeth Mawr, Brecon Beacons, South Wales. New Phytologist 90: 177-194. 

Walker, M.J.C., 1982b. Early- and mid-Flandrian  environmental history of the Brecon Beacons, South Wales. New Phytologist 91: 147-165. 

Walker, R., 1978. Diatom and pollen studies of a sediment profile from Melynllyn, a mountain tarn in Snowdonia, North Wales. New Phytologist 81: 791-804. 

Wall, E., 1961. Der Federsee von der Eiszeit bis zur Gegenwart. In: Zimmermann, W. (ed) 1961. Der Federsee. pp. 228-315. 

Watt, A.S., Perrin, R.M.S. and West, R.G., 1966. Patterned ground in Breckland: Structure and composition. Journal of Ecology 54: 239-258. 

Welten, M., 1982. Vegetationsgeschichtliche Untersuchungen in den westlichen Schweizer Alpen: Bern-Wallis. Denkschriften der Schweizerischen Naturforschenden Gesellschaft 85: Textheft und Diagrammheft. 

Whittington, G., Edwards, K.J. and Cundill, P., 1991a. Palaeoecological investigations of multiple elm declines at a site in north Fife, Scotland. Journal of Biogeography 18: 71-87. 

Whittington, G., Edwards, K.J. and Cundill, P., 1991b. Late- and post-glacial vegetational change at Black Loch, Fife, eastern Scotland-a multiple core approach. New Phytologist 118: 147-166. 

Wright, E.V. and Churchill, D.M., 1965. The boats from North Ferriby, Yorkshire, England. Proceedings of the Prehistory Society 31: 1-24. 

Züllig, H., 1986. Carotenoids from plankton and photosynthetic bacteria in sediments as indicators of trophic changes in Lake Lobsigen during the last 14000 years. Hydrobiologia 143: 315-319. 

Dubh Lochan, UK



Dubh Lochan, UK



�PAGE  �330�





�PAGE  �329�





Hockham Mere, UK



Ellesmere, UK



Ellesmere, UK



Garten, UK



Garten, UK



Hockham Mere, UK 



Hockham Mere, UK



Hornsea Old Mere, UK



Hornsea Old Mere, UK



Linton Loch, UK



Linton Loch, UK



Llangorse Lake, UK



Llangorse Lake, UK



Llyn Clyd, UK



Llyn Clyd, UK



Melynllyn, UK



Melynllyn, UK



Old Buckenham Mere, UK



Old Buckenham Mere, UK



Pityoulish, UK



Pityoulish, UK



Roos, UK



Roos, UK



Saham Mere, UK



Saham Mere, UK



Sea Mere, UK



Sea Mere, UK



Traeth Mawr, UK



Traeth Mawr, UK



Malo Jezero, Yugoslavia



Malo Jezero, Yugoslavia



Data Base References



Data Base References








