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Excavations were made through the outermost Neoglacial end moraine of 
Steikvassbreen and an adjacent distal peat bog exposed organic material 
within the end moraine, an in situ podzol buried beneath it, and the basal 
peat of the bog. A radiocarbon dating of the soil indicates that the glacier 
produced the end moraine sometime between 2,500 and 3,000 years B.P. 
A radiocarbon dating of the basal peat shows that it began to accumulate at 
least 9,000 years ago and so confirms that the glacier reached its Neoglacial 
maximal extent when it deposited the end moraine. 

N. J. Grifley, Department of Geography, University of Sheffield, Sheffield, 
SlO 2TN, England. 

Until recently the historically recorded glacier maxima of the last two 

centuries in Scandinavia were widely assumed to have produced the maxi

mum Neoglacial glacier dimensions. With the wider application of the 

radiocarbon dating technique, it has now become possible to examine quan

titatively this major assumption by dating organic material associated with 

outer Neoglacial end moraines. So far only four studies have produced radio
carbon dates that relate to the age of formation of maximal Neoglacial 
non-ice-cored end moraines in Scandinavia (Andersen & Sollid 1971, Kar

len 1973, Denton & Karlen 1973a, Alexander & Worsley 1973). These 
dates relate only to solitary end moraines in different glacier regions, and 
only one refers definitely to a pre-18th century glacier maximum. Conse

quently, though pre-18th century glacier maxima have also been recognised 

through lichenometrical studies of the Neoglacial end moraines of the 

Kebnekaise glaciers of northem Sweden (Bergstrom 1955, Karlen 1973), 

the precise data on them are nearly non-existent, so that it is not yet pos

sible to define properly the major Neoglacial glacier expansion episodes in 

Scandinavia. 

In 1968 the study by Alexander & Worsley (1973) had shown that organic 

material was present within the outermost Neoglacial end moraine of the 

eastem lobe of Austre Okstindbreen, which is one of the Okstindan glaciers 
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that had approached close to the tree line. Therefore, as a part of an in

vestigation of the Neoglacial deglacierized zone of the Okstindan glaciers, 

a series of excavations were made by the author at comparable Okstindan 

sites during the summers of 1971-1973 in search of dateable organic deposits. 

Same of these excavations exposed organic materials within the end moraines, 

but one revealed an in situ soil at the base of an end moraine. This latter 

discovery in Steikvassdalen is of special importance for the development of 

an Okstindan and Scandinavian glacier variation chronology, because, ac
cording to lichenometrical data, the end moraine involved is almost certainly 

the oldest Neoglacial one at Okstindan. Furthermore, the radiocarbon dating 
of the soil had the potential of giving a particularly dose approximation to 

the maximum age of the end moraine. Moreover, this soil is only the third 

to be found beneath a Neoglacial end moraine in Scandinavia and only the 
second to be found beneath a pre-18th century end moraine. 

The Steikvassdalen Site 

The study site consists of part of the Neoglacial maximal end moraine of 

Steikvassbreen in the bottom of Steikvassdalen and a nearby fluvially dis

sected peat bog (Fig. 1). Steikvassbreen is a collective name for the four 

glaciers that contributed to the production of a large glacier in the head 

of Steikvassdalen during the major Neoglacial glacier advances (Fig. 1). 

The maximum extent of this glacier is marked clearly by a relatively small 

end moraine in the valley bottom and a lateral moraine on the western side 

of the valley. There are no possible Preboreal moraine ridges that could 
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Fig. 2. The Neoglacial deglacierized zone of Steikvassbreen. 

be confused with the Neoglacial series since there are no significant ridges 

of this kind in Steikvassdalen. 

The part of the outermost Neoglacial end moraine that was stratigraph

ically investigated lies to the east of the glacier outwash stream, where 

it lies along the brow of a low bedrock knoll and across the upper part of 

a small shallow valley to the east of it. Excavations A and B (Fig. 2) were 

made in these two parts of the end moraine, the approximate heights of the 

feature being 2 m and 7 m, respectively. The end moraine lies at about 

590 m a.s.l., which is some 50 m above the birch tree limit in Steikvassdalen 
700 m away to the south. The proximal slope and crest of the moraine ridge 
are predominantly colonized by grasses, whilst the more favourable south

facing microclimate of the distal slope has enabled dwarf willow (Salix spp.) 
and bilberry (Vaccinium myrtillus) to become dominant. The peat bog is in 
the previously mentioned small valley 80 m outside the end moraine and 

about 15 m lower in altitude. 

Stratigraphy 

Excavation A (Fig. 2) is a trench cut through the moraine ridge where it is 

only 1.6 m high. At this site part of the glacier had previously ascended the 

bedrock rise and lapped onto a flat, near horizontal area covered by an old 

till deposit. This location was considered to be optimal for the potential oc

currence of organic deposits within and/or at the base of the moraine 

ridge. No layers or lenses of organic material were found within the end 
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Fig. 3. A cross section through the outermost Neoglacial end moraine of Steikvassbreen 

at excavation A (Fig. 2). 

moraine at this site, though 40 m to the east, thin layers and lenses were 

found in excavation B. However, a soil was found buried beneath the distal 

half of the end moraine at site A (Fig. 3). The soil was identified as a well

developed in situ podzol, for laterally it could be traced into the present-day 

soil developed on sediments distal to the moraine ridge. A short length of 

the soil beneath the crest of the moraine ridge had been slightly displaced 
by shearing, whilst the former extension of the podzol towards the outwash 
stream had been completely eroded away by the glacier. 

The till composing the end moraine contained a number of larger, angular, 

tabular boulders of mica schist, as well as a few rounded, elongated ones. In 
the proximal part of the end moraine the boulders dipped fairly consistently 

at about 10-20° towards the glacier, in the centre they tended to lie horizont

ally, whilst in the distal part they often dipped away from the glacier. This 

pattern was closely repeated by four till macrofabric measurements taken 

at intervals along the trench. The fabric data and the preservation of the 

podzol suggest that while the proximal part of the moraine ridge was de

posited by active glacier ice, the distal part was formed by slumped till. 

Excavation C (Fig. 2) was made in a stream bank section and extended 

below the present level of a small non-glacial stream to expose a section 

through a 1.6 m thick peat bog and 0.5 m into an underlying unweathered 

till. Examination of other sections in the peat bog confirmed the initial ob

servation that there were no till layers within or on top of the peat. It 

appears therefore that since the dissection of the peat bog was related to a 

former outwash stream which only flowed down the valley when the glacier 

was at its Neoglacial maximal extent, then the peat must have been forming 
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before this event. Also the absence of weathering beneath the basal peat 
suggested that the initiation of peat accumulation might date from soon 
after the deglaciation of the Okstindan area by the inland ice. 

Radiocarbon dating 

Two organic samples were dated: the highly organic top horizon of the 

buried soil and the basal la y er of the peat bog. Theoretically, the former 
sample ought to give a far hetter estimate of the maximum age of the end 
moraine than would a sample from any of the organic layers within the end 
moraine. At the same time, the basal peat bog sample, besides possibly 
indicating the time of the deglaciation of the area by the inland ice, should 
provide a check on the stratigraphic relationship of the end moraine and 
the peat bog. 

The Buried Soil 
The buried podzol was sampled almost beneath the crest of the moraine 
ridge (Fig. 2). At this point the slightly sheared part of the soil was avoided 
and so were the roots of the dwarf willow which penetrated down to the 
soil near the base of the moraine ridge's distal slope. The radiocarbon dating 
was made using only the humate fraction of the sample, which is the standard 
procedure for such samples, because they do not contain enough solid plant 
material. The radiocarbon date derived from this sample was: 

3170 ± 120 radiocarbon years B.P. (Birm-498) 

There are several problems attached to the interpretation of this radiocarbon 

date. Initially there is the universal problem of converting radiocarbon years 

to calendar years. Using a calibration table derived from data on the radio
carbon dating of dendrochronogically dated wood samples (Damon, Fergu
son, Long & Wallick 1974), it appears that the calendar date of the material 
is some 300 years older. However, a sample from the top of the soil will 
consist not only of organic material that died as the end moraine was de
posited on it, but will also contain organic material that was already dead and 
had not had sufficient time to be oxidised and/or leached into particles small 
enough to be moved down through the soil profile. A radiocarbon dating of 

the A horizon of a modem soil would therefore indicate how much old 
organic material there was at the surface, and so is equivalent to the 'mean 
residence time' (m.r.t.) of the mixture as defined by Paul, Campbell, Rennie 

& McCallum (1964). A very limited amount of data from A horizons at 

sites in other mountain regions with apparently comparable physical settings 

indicate that the value of the m.r.t. is of the order of 300 years (Østrem 
1965, Benedict 1966, Denton & Karlen 1973b). The Steikvassbreen sample 
may well have a somewhat larger m.r.t. because some of the A horizon of 

the soil was almost certainly eroded when the end moraine was being de-
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posited. It appears therefore that the radiocarbon date indicates burial of the 

soil at a glacier maximum sometime between 2,500 and 3,000 years B.P. 

The Peat Bog 
The peat bog was sampled at the interface with the underlying unweathered 
till in excavation C. The radiocarbon date derived from this sample was: 

8083 ± 160 radiocarbon years B.P. (Birm-494) 
As a check on the possible contamination of this sample by modem organic 
substances, a sub-sample of the previous bulk sample was radiocarbon 
dated purely on its humate content and gave: 

8480 ± 170 radiocarbon years B.P. (Birm-494. Humate) 
The latter date, by not being significantly younger than the former, demon
strates that any modem contamination at this level in the past bog section 
was small and negligible. The former date shows that the peat was forming 
well before Steikvassbreen deposited its outermost Neoglacial end moraine, 
thus confirming the initial deductions about the stratigraphical relationship 
of these two deposits. 

Although it is not yet possible to approximate this radiocarbon date to 
calendar years, the data for radiocarbon dates of up to 6,500 radiocarbon 

years B.P. (Damon et al. 1974) suggest that 8,000 radiocarbon years are 
approximately equivalent to 9,000 calendar years. Moreover, it is quite 
possible that some of the basal peat is older than that in excavation C, 
since no detailed stratigraphical study was made of the whole of the peat 
bog. Furthermore, the lack of recessional end moraines outside those pro

duced during the Neoglaciation and the lack of a weathering horixon in 
the till beneath the peat bog suggest that the basal peat began to form 
soon after the deglaciation of Okstindan by the inland ice. It also follows, 
therefore, that during the deglaciation of Okstindan, the Okstindan glaciers 
were smaller than they were during their maximum Neoglacial extent. 

Corroborative evidence for the Neoglacial glacier maximum 

There is a significant and growing body of data that indicates both a marked 

climatic deterioration and a major glacier expansion episode at about 2,500 

to 3,000 years B.P., both in Scandinavia and the rest of the world. The 

Scandinavian evidence is based almost exclusively on inferences about 
climatic changes drawn from palaeoecological studies, rather than from 
the direct evidence of Neoglacial glacier deposits. Such evidence has been 

summarised recently by Worsley & Harris (1974). 

At Okstindan a stratigraphical study of an archaeological site on the south

eastem shore of Grasvatnet (Fig. 1) calibrated by radiocarbon dates indicates 

human occupation of the site for about 4,000 years up to approximately 

3,000 years B.P. (Worsley 1970). The reason for the cessation of the occu

pance is unknown, though Worsley suggested that it might be due to a cli-
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matic deterioration, particularly because palaeoecological studies elsewhere 

in Scandinavia had pointed towards such a climatic change. Further support 

for this hypothesis has come from a stratigraphical study of solifluction 

lobes immediately outside the Neoglacial deglacierized zone of the eastem 

lobe of Austre Okstindbreen (Fig. 1) (Worsley & Harris 1974). Radiocarbon 

dates from soils buried beneath two adjacent turf-banked solifluction lobes 

indicate that solifluction processes began at this site at about 3,000 years 

B.P. They equate this event with a climatic deterioration allowing the 

establishment of late-lying snowbank at the head of the solifluction slope. 

Most important of all has been the discovery of an in situ buried soil at 

the base of the outermost Neoglacial end moraine of NipalsglacUiren in 

Kebnekaise (Karlen 1973). Radiocarbon dating of this soil yielded dates 
of 2320 ± 160 radiocarbon years B.P. (St-3811) and 2460 ± 90 radiocarbon 

years B.P. (I-6854), indicating a glacier maximum at approximately the same 

time as Steikvassbreen's. Lichenometrical surveys of the Neoglacial end 

moraines of the Kebnekaise glaciers suggest that at this time eight other 

glaciers reached their maximum positions, while four others made major 

advances. Major glacier expansion episodes at this time have been recorded 

elsewhere in the world, especially in North America, where much of the 

research into Neoglacial glacier variation has so far been concentrated. The 

worldwide evidence for this and other major glacier expansion episodes have 

been reviewed by Porter & Denton (1967) and Denton & Karlen (1973a). 

Conclusions 

The stratigraphical evidence from the outermost Neoglacial end moraine of 

Steikvassbreen and an adjacent distal peat bog supports the recently proven 

concept of 'prehistoric' Neoglacial glacier maxima in Scandinavia. The 

maximum at Steikvassbreen apparently occurred sometime between 2,500 

and 3,000 years B.P. and seems to be related to the same epoch of climatic 
deterioration as the sole 'prehistoric' glacier maximum which has so far been 
demonstrated in Scandinavia. Both maxima are corroborated by inferences 
about climatic changes drawn from Scandinavian palaeoecological studies. 

Many more stratigraphical studies of Neoglacial glacier deposits in other 
Scandinavian glacier regions are needed before it will be possible to define 
precisely the major glacier expansion episodes in Scandinavia during the 

Neoglaciation. 
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