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Tallie 7 Equivalellt Jose (ED) of sample TD I eakulaleJ using holh
IRSL anJ TL meaSlll'Clllcllts and a variel" of rcsidual Icvels. T\\'t)
Jilkrenl light sourecs or dilkrcnt intcnsilie~s wcrc uscd (SOL2 solar
simulatur anJ TL05 UV lamps). All results arc in grays.
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SOL 2
IRSL 273± II 273±10 275±IO 276± 10 277± 10 277± 10
TL I33± 14 245± II 255± 16 274±16 2'J1 ± 15 2lJ6± 15

TLOS
IRSL 64±H 211±t:I 260± It 277± 112 275± 10 275± 10
TL O± II 35± 14 1U6± II 1117± II 25'J± 16 277±15

sequence within Oxygen Isotope Stage 5. The presence of the
relatively thermophilous taxa. Alnus and Corylus, as major
components of the earliest pollen preserred in the lowest part
of the Soil at Red Burn indicates interglacial conditions. Both
these taxa are very sparsely represented during thc 01 Stage 5c
and 5a interstadials at sites in Scotland. specifically Sel Ayre
(Hall el al. 1993a). Camp Fauld (Whittington 1.'1 til. 1993) and
Crossbrae (Connell 1.'1 ,d.. in preparatilllll. al1d poorly rep­
resented in these interstadials in the low Countries (Behre
1989) and Scandinavia (Ambrosiani & Robertsson 1992).
Hence a Stage 5e age seems likely for this pollen. However.
the lack of taxa such as Quercus and 111.'.'(. present at other
interglacial sites in Scotland. such as Dalcharn (Walker el til.
1992). and at continental sites. including Fjosanger (Mangerud
el al. 1981) and Oerel (Behre 1989), may be significant. despite
the obvious loss of pollen through selccti ve destruction. The
optimum of the last interglacial in the North Atlantic region
is known to hare been a time of unusual warmth, with mean
annual temperatures perhaps 2'C above those of the Holocene.
when Pill!ls sylrescris grew on Shetland (Hall el al. 1993b).
The lack of warmth indicators, like lie ...... suggests vegetational
growth. and associated soil development. probably in the later
stages cf 01 Stage 5e. This is consistent with the more limited
development of the Soil at Teindland compared to those at
other interglacial sites at Scotland, namely Kirkhill (Connell
el al. 1984) and Dalcharn (Walker el al. (992), where much
deeper soils are developed below organic horizons containing
pollen of thermophilous taxa.

The later pollen record at Teindland indicates a subsequent
change to pine forest. then the establishment of heathland
and, finally. replacement by grassland. These vegetational
changes probably point to a general cooling in climatic
conditions which culminated in periglacial and glacial environ­
ments. Edwards el ,d. (1976) suggested that the pollen in the
Upper Sands at Teindland records an interstadial phase after
01 Stage 5e. As there is no evidence of any erosion or long
break in sedimentation between soil formation and deposition
of these Upper Sands, it is more likely that they simply relate
to the decline in temperatures towards the end of 01 Stage 5e.

5. Synthesis: the sequence of glaciation in lower
Strathspey

The pattcrn of glaciation in lower Strathspey during the Late
Pleistoccne undoubtedly has been complex. with three major
ice strcams invading the area periodically. Ice from the Moray
Firth deposited grey. muddy tills derived from the Mesozoic
and Plc:istocene sediments offshore. Icc moving W 'lCroSS the
Mnray coastlands deposited sandy tills with clasts of Dcvonian
sandslonc. as wcll as iglll.:ous and mctamorphic rocks. Icc
moving NE down Strathspey carried igncous and metamorphic
dchris and Idt sandy tills. During thc close of thc Late
Dcvcnsian glac:iation signilic:ant readvanc:cs of the coastal it:e
masscs pcc:urrcd (Ilinxman & Wilson 1'J{)2; Pcacock 1'1 ul.

196~). Large lakes were dammed in lower Strathspey by ice
barriers at the Mnray Firth coast into which were poured
enormous volumes of sediment (Hinxman & Wilson 1902;
Bremner (934). These glacilacustrine sediments excced 50 m
in thickness in places and frelluenlly are interhedded with tills
and glacifluvial sediments to give complex glacigenic sequences.
Little is known of events befnre the Late Devensian maximum
but similar sequences may well have formed during earlier
phases of ice retreat and, indeed. ice build-up. This complexity
makes the interpretation or slacked sequences of glacigenic
deposits problematic. Correlation on the basis of lithology
will be difficult as, during the Late Pleistocene, a single ice
stream may have advanced across the area on more than
one occasion and ice streams may rework earlier deposits.
Moreover, non-sequences may give misleading correlations of
tills of similar lithology which, in ract, represent different
glacial phases. One example or this is the attempted correlation
of the near-surface brown sandy till of the Elgin area (here
formally named the Tofthend Till) with the upper brown
sandy till (Teindland Till) at Teindland Pit (Sutherland 1984).
At this site, the Tofthead Till appears not to be represented
yet occurs in the surrounding area overlying both the
Teindland Till and the Altonside Till. Conversely. thick
sequences of glacial and glacifluvial sediments may represent
minor fluctuations of an ice margin. as at Sandy Hill. Only
where glacial deposits are separated by sediments of clear
nonglacial origin, as at Teindland. is it possible to be confident
that separate glacial stages are represented.

In the Teindland district. there were probably at least four
phases of glaciation in the Late Pleistocene. At Teindland Pit.
the Teindland Till overlies sands dated by luminescence to 79
and 67 ka and organic deposits of probable late Stage 5e. As
the Upper Sand records an influx of glacigenic material of
similar character to that found in the overlying diamicts, then
it is likely that deposition of the diamicts followed closely the
final phase of sand accumulation. Hence. the Teindland Till
may date from 01 Stage 4. The three subsequent glacial phases
are represented by the Altonside. Tofthead and Waterworks
Tills. Around Elgin, there is clear stratigraphic evidence for a
period of glaciation from the Moray Firth which deposited
dark grey, clayey and locally shelly tills, and a later phase of
glaciation from the west or north west which deposited
overlying brown, sandy tills with abundant material derived
from the Moine psammites, Dalradian quartzites and Devonian
sandstones and conglomerates (Peacock el al. 1968) (Fig. 1
and Table 3). These tills are correlated on the basis of lithology
and stratigraphic position with the Altonside and Tofthead
Tills. Conventionally, on the basis or overlying and locally
interdigitated sands and gravels formed during ice retreat, the
Tofthead Till around Elgin is attributed to the Late Devensian
(Peacock el al. 1968; Hall & Connell 1991), but the unit lacks
firm dating control. The Altonside Till, derived from the
Moray Firth, may also have originated in 01 Stage 2, but
again the unit is not firmly dated. It may be significant that,
at both Tofthead and Altonside, gravels lie between these till
units. perhaps suggesting an intervening period of ice retreat.
On current evidence, the Altonsidc Till dates from some
glacial period within the long interval from Stage 4 to
early Stage 2.

The Teindland Till, and perhaps also the Altonside Till,
may record the presence of glacier ice in the Elgin area during
01 Stagcs 4 and/or J. This is consistent with the sequcnces of
post-Stage 5 stacked tills. implying multiple glaciation. found
Sand E nf Invcrncss (Merritt 1992; Walker ('/ al. 1'J92). ke­
proximal gravels ncar Frascrhurgh have given lumincscence
ages nf -15 37 ka (1Ialil'/ al. in press) and point to the prescnc:e
at this time llf a large icc-shcet just olrsllllre in the Moray
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Firth. This lh.:rll,it. and pl:rhaps Ii!;', ,Isl:whl:re in BULhan

altributl:d to thL EarlyiMiddk Dl:\ "~ ',Ill (Hall & Conndl

1991; Hall & Janis. in press). requirl:s "i::'ll"tm:ous glaciatilln

of Strathspey.

6. Conclusion

Teindland is a key locality for investigating the Late

Quaternary history llf Scotland (Sutherland 1993). It is one of

only a small number of sites in Scotland with deposits to

which an interglacial origin has been ascribed and the site

provides important evidence related to the sequence of

glaciation during the late Pleistol:ene in NE Scotland

(Sutherland 19X-I), This interdisciplinary study has provided

milch new information about the Teindland site and helped

to place it within the stratigraphic context of deposits in the

surrounding area. The Teindland Sand overlies till and

glacifluvial gravels which suggest the glal:iation of the area

during 01 Stage 6 or. perhaps. earlier. Detailed investigation

of the pollen assemblages. particularly with regard to their

taphonomy, within the Soil and the overlying sands at both

Teindland and Red Hurtl indicate deposition towards the close

of an interglacial. with progressive replacement of CVrl'/IIS­

Alnlls wood lund by. lirst. Pinus woodland and. then. by

heathland and, ultimately. a sparse grassland. Whilst this work

supports the conclusion of Edwards et (//. (1976). that pollen

of interglacial origin is present at the Teindland site, the pollen

record, together with supporting litho-stratigraphic data. docs

not indicate the existence of discrete interglacial and interstad­

ial stages (Edwards ('1 ill. (976). Luminescence ages prOl'ide a

chronological control on sediments apparently beyond the

range of radiocarb\ln dating. The luminescence dates of 79 ±(,
and 67 ± 5 ka on l'lerlying sands indicate that the Soil dates

from the last interglacial.

The diamicts olerlying the Soil at Teindland and Redburn

ha ve the characteri;;tics of glacigenic debris flows rather then

solifluction deposits f Romans 1977). Investigation of glacial

sequences in the surrounding area has allowed the identifi­

cation of at least four separate till units younger than the Soil.

induding one or more tills which may date from 01 Stages

4{3. The presence of multiple post-Stage 5 tills, with intervening

gravel units. in IOII'a Strathspey suggesls a highly complex

history of glaciation in N E Scotland in the Late Pleistocene.
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