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Abstract

Post-IR IRSL dating of K-feldspar from Loess at Lowland Point, SW England: Developing a
Chronology for Past Climate Records
Elin Törnqvist

Loess deposits are terrestrial clastic sediments derived from aeolian deposition. Loess is transported in
periglacial conditions and was mainly deposited in cold environments around glaciers during the
Quaternary period. To be able to understand and interpret past climate and how it was changing, loess
deposits can be used as an indicator for example wind circulation and dustiness in the atmosphere.
However, good independent chronological control is essential for using loess as a past climate archive.
This study has examined loess from Lowland Point in the southwest of England. The loess at Lowland
Point is relatively thin at 180 cm compared with more studied loess deposits further east on continental
Europe. To be able to date the k-feldspar mineral grains from the loess deposit at Lowland Point, two
values should be constrained for each sample: the equivalent dose (DE), a quantitative factor of the
amount of energy accumulated by the mineral grain during burial from ionising radiation, and the dose
rate (DR), a rate of ionising radiation absorbed from the surrounding environment per year. By using the
post infrared-infrared stimulated luminescence (post-IR IRSL) method, the DE values were obtained,
and by examine radioactive isotopes in the samples, the DR values were attained. The results of each
average age per sample depth was then identified and the loess deposit could be determined to the age
about 10.8-22.4 ka, which is suggested to have been deposited by meltwater from the British Irish Ice
Sheet and permafrost.
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Sammanfattning

Post-IR IRSL datering av kalifältspat från löss vid Lowland Point, sydvästra England:
utveckling av kronologi för tidigare klimatregister
Elin Törnqvist

Lössjordar är avlagringar av markbundna klastiska sediment härledda från eolisk deposition och
transporteras under periglaciala förhållanden för att huvudsakligen deponeras i kalla miljöer runt
glaciärer under kvartärperioden. För att kunna förstå och tolka tidigare klimat och hur det förändrades
kan lössavlagringar användas som en indikation över till exempel vindcirkulation och dammighet i
atmosfären. Denna studie har undersökt löss från Lowland Point i sydvästra England. Lössen vid
Lowland Point är relativt tunn, med en tjocklek på 180 cm, jämfört med mer studerade lössjordar. För
att kunna datera kalifältspat från lössjorden vid Lowland Point var förhållandet mellan två komponenter
av betydelse; ekvivalentdosen (DE), en kvantitativ faktor för den mängd energi som mineralkornet
ackumulerar vid sedimentering, och doshastigheten (DR), en hastighet av den mängd energi som
absorberas i den omgivande miljön per år. Genom att använda metoden post infraröd-infraröd stimulerad
luminescens (post-IR IRSL) erhölls DE-värden och genom att undersöka radioaktiva isotoper i proverna
hittades DR-värden. Resultaten av varje medelålder per provdjup identifierades sedan och
lössavlagringen kunde bestämmas till en ålder av cirka 10,8–22,4 ka, vilket indikerar en möjlig
avsättning av smältvatten från det brittiska irländska istäcket och permafrost.

Nyckelord: loss, post-IR IRSL, Lowland Point, England, kvartär
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1. Introduction
Loess is a terrestrial aeolian sediment, which means that the transport and deposition of the material
occur by the impact of wind. Loess is composed of sand and clay but is dominated by the particle size
silt (Muhs 2013a). Loess can be originated by glaciers grinding the bedrock to fine grained particles
which are transported by meltwater and deposited around glaciers, which make loess a good indicator
for past climate records (loess | National Geographic Society n.d.).

The age of the loess is a factor of importance for these climate interpretations and in order to
determine the age, luminescence dating methods can be used, which can establish when the mineral was
last exposed to light or heat. The purpose with this thesis is to date K-feldspar descended from aeolian
deposited dust at Lowland Point by post infrared-infrared stimulated luminescence (post-IR IRSL).
Because the lowest fading rate for feldspar signals is found in a specific wavelength, an elevated
temperature stimulation is used which is found to reduce the fading rates of the samples. This is carried
out with the further purpose that the investigation of loess deposits can be able to contribute to additional
insight of climate change and its impacts on regions of higher latitudes, in the matter of wind circulations
and dust in the atmosphere, of past geological periods in time.

Atmospheric dust is considered important for understanding of climate change, both for the past and
present time, but also for making interpretations and predictions for the future. Atmospheric dust both
absorbs and reflects emission from the sun, which effect Earth´s radiative balance, and likewise, the
radiative balance impacting the climate which affect transportation and accumulation of dust (Winckler
& Borunda 2010). An additional influence of dust is the impact on clouds, resulting in further climate
conditions (Winckler & Borunda 2010).

To understand the origin and properties of loess deposits are of importance because it provides an
age model for climate records and by dating the dust deposition it is possible to correlate events of
deposition with fluctuations of the climate. Climate records from loess is important for understanding
previous climate changes and impacts, but it is also very important with climate records from north
western Europe because records of the climate and records of loess over these areas are rare. To be able
to make correlations of previous climatic impacts across NW Europe, dating of loess it is of great
significance.

Loess deposits at Maastricht-Belvédère in Netherlands was aged by thermoluminescence methods to
17.2 ± 3.5 ka and 17.5 ± 3.4 ka, which is a bit younger than the loess dated in Kesselt, Belgium, with
the TL age 19.1 ± 1.7 ka (Huijzer & Vandenberghe 1998). Silt accumulated in England was dated (TL)
to 16.4 ± 1.5 ka and silt in Germany was dated to 15 ± 1.4 ka. In Beerse-Dam (Belgium), a sandy loess
deposition was dated to an age of around 42 – 38 ka and a silty loess at Rocourt (eastern Belgium) was
dated to the age of around 42.5 and 38 ka (Huijzer & Vandenberghe 1998).

OSL age of quartz from calcified brick earths at Ospringe (SE England) was dated to 23.8 ± 1.3 ka,
which is concurrent to the Last Glacial Maximum and permafrost coverage over SE England and the
loess site at Pegwell Bay was dated to an age of 17.2 ± 1.3 ka, which is described as deposition during
the deglaciation of the BIIS (Clarke et al. 2007). These two periods of deposition in England is suggested
to be simultaneous with the loess deposition in northern France, Belgium and Germany, which are dated
to around 30-17 ka (Clarke et al. 2007). Stevens et al. (2020) analyzed quartz from loess at Pegwell Bay
(SE England) by OSL and suggested two main events of deposition, the first event occurring at 25-23.5
ka, which is concurrent with Heinrich event 2, and the subsequent to around 20-19 ka (Stevens et al.
2020).

Additionally, it is crucial to examine climate records in NW Europe since England is located in the
North Atlantic Ocean. Henry et al. (2016) could establish glacial periods occurring on the northern
hemisphere to be directly depending on the circulation happening in the deep ocean due to variations of
transported heat. This is explained as causing recurrent climate changes and there for explaining the
abrupt glacial periods. The circulation of the ocean as well as the climate were studied and it is suggested
that the overturning circulation in the Atlantic is corresponding to the periods of cool stadials, implying
that the ocean is indeed very important for understanding sudden changes in the climate during glacial
periods (Henry et al. 2016).

During the Quaternary period (circa 2.6 m.y.a. until present) there were large-scale climate changes
in the North Atlantic Ocean and these rapid variations from cold climate to warm climate indicate that
ice dynamics explains the sudden climate changes (Berger et al. 2010).
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As a result, from the growth of the ice sheets along with a lowered sea level indicate a stabilization
and the retreat indicate a positive feedback of degradation. This chain of events of expansion and decay
shows that high northern latitudes are greatly impacted of climate change. The northern ice sheets grew
during the glacial period as a response to an increased albedo, dust input in the atmosphere and a
decreased greenhouse effect. When the ice started to decay because of instability, the interglacial period
begun (Berger et al. 2010).

The Heinrich events was a sequence of discharge of icebergs transporting coarse-grained material
from the North American ice sheets that were deposited in the North Atlantic Ocean. These events are
suggested to being correlated to events of warmer climate, occurring between 60 k and 16.8 k years ago
(Heinrich event | Causes, Timing, & Facts | Britannica n.d.). There are numbers of different hypotheses
of the causes for Heinrich events, for instance one suggestion is that conditions of cooler climate resulted
in a growth of the glaciers, causing unconsolidated sediment being pressed down and there for enabling
ice to be released as icebergs. A different theory is that the thermohaline circulation in the Atlantic was
weakened due to an input of fresh water, which would have meant that the ice could have grown in both
thickness and extension. When the thermohaline circulation was restored and the water temperature was
warmer, the ice shelves were weakened and fragmented to icebergs (Heinrich event | Causes, Timing,
& Facts | Britannica n.d.).

Dansgaard-Oeschger events are periods of intense but brief climate changes at Greenland described
as a period of rapid warming followed by a period of slow cooling (Dansgaard-Oeschger event |
Definition, Causes, & Facts | Britannica n.d.). The mechanisms causing the Dansgaard-Oeschger events
are indeterminate, although, hypotheses about solar and oceanic causes have been suggested. Another
suggestion is that the atmosphere could have interacted with the polar ice and the heat transportation in
the oceans (Dansgaard-Oeschger event | Definition, Causes, & Facts | Britannica n.d.).

The Heinrich- and the Dansgaard-Oeschger events are of importance because of the large-scale
disruptions on the climate during the last millennium. Furthermore, these events have been affecting the
North Atlantic climate variations and the circulation of the ocean and is therefore of importance.

For this thesis it will be examined if accumulation of loess in southwest England happens faster over
a short period of time or if it happens slowly over a long period. Furthermore, this thesis will try to
explain the question: where is the loess at Lowland Point originating from, is it one or several events of
deposition and what can it tell us about past climate?
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2. Background

2.1 Loess
Loess deposits are terrestrial clastic sediments derived from aeolian deposition. Dust particles are
transported by wind and may therefore be deposited in areas considerably distanced from the origin site
and these clastic sedimentary deposits may have a varying thickness (Muhs 2013a). The transport takes
place in conditions described as periglacial and the deposition can take place in cold environments
around glaciers originating during the Quaternary (Linyuan et al. 1991).

The designation of the material varies, but loess can be described as a sediment with soils formed in
it. Loessification, i.e. the formation of loess, takes place in environments where the climate is semi-arid
and the material is developed through soil formation processes (Okuda 1991:1). The dominant
composition of the material consists of the grain fraction silt, a diameter between 63-2 µm (Stevens
2019). The primary mineralogical composition consists of quartz and feldspar; however, it should be
noted that the material is distinguished from its formation material (Okuda 1991:1).

The texture of loess is porous, which means that the pores in the soil are not completely filled. This
is explained by Kubiëna (1953) by the bonds between the mineral grains. Between separate mineral
grains bridges of binding substances arise, consisting of mineral grains of an even smaller fraction than
the mineral that binds together. These binders contain partly clay which in turn is separated by even
smaller fractions of calcite microlite (Kubiëna 1953).

In general, many loess deposits occur in the continental mid-latitudes, with a relatively low-
precipitation climate, where the shorter summer seasons are hot while the lower winter seasons are
described as low-tempered (Bridges 1997). Loess deposits in China have thicknesses of more than 300
meters, over the eastern parts of Europe the thickness decreases (about 40 meters thick) and becomes
thinner further out west (Bridges 1997). In France, loess deposits are widespread across the country,
however, thicker deposits (up to 12 meters thick) are noted in northern and north-eastern directions
within the country. These loess are estimated to have been deposited 900 ka, at the end of Pleistocene
(Bridges 1997). The origin of these deposits is explained by Bridges, E.M. (1997) to areas outside
glaciers prevailing during Quaternary icing over the northern hemisphere where silt material was
transported by wind to then be deposited in areas longer distances from the source of origin.

Loess is considered important for understanding of climate changes during the Quaternary period,
because the sediment can be viewed as a terrestrial archive for interglacial and glacial cycles. Since loess
is wind deposited, it can be used to interpret atmospheric circulations. The classic model of the origin
of loess claims that the particles typically are created by glacial grinding on underlaying crystalline rocks
to be deposited in unsorted glacial sediment. The material is then fluvially reworked, to then be
transported and deposited by aeolian processes. This model implicates that loess deposits are indicators
of glacial periods on a global scale (Muhs 2013a).

However, this classic model has been questioned. It can be reckoned that loess is not exclusively
derived from ‘glacial’ loess, but also from ‘desert’ loess, which is a term described as aeolian silt sized
particles produced in and derived from non-glaciated arid or semiarid regions. China is often used as an
example of this, with what is considered to be ‘desert’ loess deposits. Regardless of the differences of
the debate in the mater of the Chinese loess deposits, the periods during sedimentation and formation of
the soils seems to resemble glacial cycles (Muhs 2013a).

2.1.1 Loess stratigraphy
The stratigraphy of loess can be considered to be more complex in comparison to other Quaternary
records. Loess have often undergone weathering and pedogenesis of varying degrees, and one opinion
is that the processes of loess sedimentation and pedogenesis are fundamentally opposing; high loess
sedimentation rate implicate that the pedogenesis can’t be maintained, which means that material of a
rather unaltered degree accumulates. In contrast to this, the pedogenesis can reach deeper in the
deposited loess when the loess sedimentation rates are lower, soils can nevertheless accumulate minor
quantities of aeolian sediment during the soil formation process (Muhs 2013a).

Loess deposits are beneficial because of its ability of being dated by luminescence methods and
because of these approaches, glacial-interglacial cycles and loess deposits can be corresponded. For
example, an OSL dating of loess deposits in Pegwell Bay and Ospringe (SE England) suggest
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accumulation occurred 23.8 ± 1.3 ka, i.e. after the last Glacial Maximum occurring at ca 27 ka, (Ó
Cofaigh et al. 2019), and 17.2 ± 1.3 ka related to the deglaciation (Clarke et al. 2007). Another optically
stimulated luminescence study of loess deposits in SE England describes sequences descended from
periods of permafrost degradation during the warmer climate of the Greenland Interstadial 2 (21.8-21.2
ka), recurrent permafrost aggradation during the Greenland Stadial 2c (21.2-19.5 ka), which is described
by a colder climate, and the concluding melting of the permafrost during the Greenland Interstadial 1e
(around 14.7 ka) (Murton et al. 2003).

Weichshelien loess (circa 28-13 ka), which includes uppermost deposited loess in Europe, is
described by Muhs (2013) as relatively unmodified. Underlain the European Weichshelian loess, there
is a paleosol called Limon Humifere, LH, and underneath this, the Rocourt paleosol can be seen, which
is a soil that has been well-developed and formed during the last interglacial period (Muhs 2013a). The
stratigraphy of loess in nonglacial environments is not very different from those of glacial environments
regarding the periods of sediment deposition respective soil formation in relation to the glacial-
interglacial cycle (Muhs 2013a).

2.1.2. Loess in Britain
Loess deposits have been found distributed over Britain, but mostly they are located in the eastern and
southern parts of England (Lill & Smalley 1978). Examinations of surface soils in England have
generated a suggestion that southern areas are covered by loess deposits (Antoine et al. 2003). The loess
in southern England is characterized by being thin, with the maximum thickness of four meters in east
Kent (figure 1), and the deposits are also described as being incoherent (Parks & Rendell 1992; Antoine
et al. 2003). The loess deposits in Pegwell Bay, located in the south-east of England, have been dated to
18.8 – 14.6 ka, correlating with the Late Devensian (Parks & Rendell 1992). During the late stage of the
Devensian the glaciation of the British Irish Ice Sheet extended alongside England’s east coast (Ehlers
et al. 2013).

Around the same time of deposition as the loess in Pegwell Bay, thinner and decalcified depositions
are assumed to be accumulated which is implied by thermoluminescence dating and assumptions based
on comparisons with the Pegwell Bay loess deposits and Late Devensian Skipsea Till (eastern
Yorkshire) (Antoine et al. 2003).

Regarding loess deposits originating prior to the Late Devensian, these deposits are considered being
dispersed to restricted local sites in the southern areas of England (Antoine et al. 2003). These pre-
Devensian loess deposits could either be found in buried successions or in spots on river terraces where
soils in the environment have undergone pedogenesis.

The loess deposits in Britain is considered having an impact on both landscape and economy. In the
midlands, the soils are very dynamic and due to the silt content in the loess, which optimizes the texture
and nutrient content, hence these soils are considered suitable for agriculture (Jefferson et al. 2003).

The loess deposits originating from the Quaternary period are spread sporadic over southern and
eastern areas of Britain and are expressed as resembling to thicker and well-known loess deposits
localised in America (S and N), Europe and Asia (Jefferson et al. 2003). Several exposed loess deposits
in Britain are suggested of late Devensian age with deposition occurring primarily during 14-25 ka and
a secondary, minor deposition proceeding around 10-11 ka (Jefferson et al. 2003). The loess deposits in
eastern and south-eastern England are described as derived by north-eastern winds, which is indicated
by mineralogic content, mineral tracer studies and the fact that the grain size of the minerals is decreasing
to the south and west. Furthermore, the deposits are considered being a result of reworking from outwash
sandurs and glacial deposition of the Late Devensian (Jefferson et al. 2003).

Loess samples from the Lizard Peninsula (Cornwall) was aged by the thermoluminescence method
to an age of 15.9 ka (Wintle 1981), and the mapping of loess of the Lizard have also given the result of
a coarser grain fraction and mineralogic composition inconsistent with loess from the southeast England
(Ealey & James 2011). The conclusion indicate that the Irish and Celtic seas are the source of the glacial
outwash (Ealey & James 2011). Furthermore, two facies of loess are defined, the first is structureless
and only distributed over flat areas that has not been affected by erosion, and the second facies is
described as an unsorted thin loess, originating from gelifluction transported downhill and deposited on
solifluction sediments.

Clark et al. (2007) argues for an indication of two separate events of deposition, were the deposition
at Pegwell Bay (17.2 ± 1.3 ka) was concurrent with loess deposition in France, Belgium and Germany,
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during the Upper Pleniglacial period. A correlation between the deposition age at Ospringe (23.8 ± 1.3
ka) and the last glacial maximum, before the BIIS started to deglaciate around 21.000 years ago is also
suggested (Clarke et al. 2007). During the period of the Last Glacial Maximum, reconstructed climate
conditions reports average temperatures of -8°C to -4°C, but with the coldest temperature reaching -
25°C and coherent permafrost (Clarke et al. 2007). The BIIS deglaciation period is also described with
conditions of permafrost, which is suggested to have been degraded at the time of the Greenland stadial,
about 19.5 to 16.9 ka (Murton et al. 2003). A more recent OSL dating of loess deposit at Pegwell Bay
suggests an initial event of deposition at 25-23.5 ka and a second depositional event occurring 20-19 ka,
where the first event is at the same time as the Heinrich event 2  (Stevens et al. 2020).

Loess deposits in southern England and northern France are located at separate sides of the English
Channel, which along with the North Sea, is considered the source area for the loess (Antoine et al.
2003). The loess of southern England, at Pegwell Bay, have the thickness of four meters and the
shallowest of the samples at the site is described as reworked to a brown Holocene soil with content of
clay (Antoine et al. 2003). Antoine et al (2003) propose that the loess in southern England are most
likely to have been transported to the site blown around the Late Devensian glacial lobe by north-easterly
winds, partly due to the particle size of the loess. The grain size increase in Cornwall (compared to
Kent), and the composition of minerals are considered unlike the silt further east. Because of these two
difference between the southwest and southeast loess characteristics, the Cornwall loess is suggested to
be of another origin, possibly material carried away from the BIIS by meltwater (Antoine et al. 2003).

2.2 Area description

Figure 1. Reconstructed model of the retreat of the British-Irish Ice Sheet (Clark et al. 2018).

During the preceding two million years, Britain’s nature geography was developed during climate
conditions in great contrast to the present conditions with very much colder temperatures. As a result of
these cool periods, glaciers were developed in the mountain areas and expanded over the adjacent
lowlands. The widespread glaciers exceeded almost all midlands of England and East Anglia, but the
glacier was never covering all of the land surface (figure 1). There was always a zone of land not covered
by the glacier, the periglacial zone, which was exposed to extended periods of intensely cold conditions.
The periglacial zone is explained to be affected much more extensively than the land covered by the
glacier, even during the periods with warmer climate (Ballantyne & Harris 1994:3–25).

Periglacial effects (e.g. landforms, deposits and sedimentary structures) in Great Britain is not
restricted to a single event, but have been developed during a long period of time and environmental
circumstances, several are derived from when the last glacier had retreated and the margin of the ice
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sheet was located across the central part of England, some landforms was developed when the glacial
conditions had reached its final millennium, and some developments are still active (Ballantyne & Harris
1994). According to Ballantyne and Harris (1994), the existing evidence of periglacial conditions are
restricted to the Quaternary period.

Loess deposits in England are described as incoherent and thin, as they reach a thickness of maximum
four meters in the eastern regions of the county Kent. Most deposits of loess are found off the south-east
coast of England and most of these have been dated to have been accumulated during the late stages of
the Devenesian (the most recent glacial period over England), with a few local exceptions of older
deposits (Antoine et al. 2003). Antoine et al. (2003) further describe how the grain fractions of the loess
deposits regularly decrease in a south-westerly direction and are then restored in size at Cornwall. The
smaller fractions are purposed to be due to wind transport originating from the northeast, deposited
during the icing during the later Devensian. The fact that the particle size of the loess deposits in
Cornwall then increases is considered to be due to the fact that the material seems to originate further
from the east, also confirmed by a mineralogic composition that does not correspond to the deposits in
the south-eastern regions. The source of origin is proposed as material transported with meltwater from
the Devensian ice sheet and then deposited in periglacial environments (Antoine et al. 2003).

Due to the fact that the samples that are being examined were gathered from Lowland Point, located
on the southwestern tip of England, a brief area description of the county Cornwall follows. Figure 2
shows a map of the England’s counties and Cornwall is highlighted in a darker colour.

Figure 2. Counties of England with the county Cornwall highlighted with a darker colour and Lowland Point
marked by a red point. Modified from (County Map of England - English Counties Map n.d.).

2.2.3 Cornwall
B. Clayden describes three categories of soil in the county Cornwall, one black and grainy, one split soil
and one set red soil with a clayey character. Magmatic bedrocks are expressed in granite, serpentine and
gabbro (Clayden 1964:311). The soils largely consist of material from the weathered bedrock. The
composition of the soils of the area usually include fragments from the underlaying bedrock, even when
the bedrock is covered by a layer of weathered material that has been transported to the site by mass
movements by periglacial processes (Clayden 1964:311). The soils in Cornwall formed on top of a
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granitic bedrock consist of local deposits where the main fractions are gravel and stone. Clayden
describe observed streaks of deposited silt in the soils as loess, which explains soil movements in the
areas.

Furthermore, Clayden (1964) describe how the mother material to the soils above shale and sandstone
can be more difficult to classify, they can either be weathering products from the bedrock or material
transported to the site. This is described as being due to several rocks within the same area as well as
fragments of feldspar and quartz that do not fit the underlaying bedrock but can be result of weathering
material (Clayden 1964:311).

Lizard Peninsula, located at the southern point of England, have been mapped by field observations
and laboratory analyses, which have proved a distribution of loessic deposits over the area in southern
Cornwall (Clayden 1964:311).  During the 1970s and 1980s, the soils of Cornwall and the Lizard were
examined in more detail. These analyses showed that the deposits that were earlier described as
weathering material from serpentinite, was actually loess. This result was motivated by the grain fraction
and the mineralogical composition which did not correspond with the geomorphology of the area (Ealey
& James 2011:55–61). The explanation of the dissimilarity of the material was that the material
originated from an outwash plain and also by the prevailing wind directions (Ealey & James 2011:55–
61).

Soil samples from the Lizard were dated with thermoluminescence method to an age of 15,9 (± 3,2)
ka and the material from the area have later been confirmed by two facies. The first is a structureless
loess facies on flat areas were erosion haven’t had a noticeable effect on the material. The other facies
is described as a thin terrigenous unsorted sediment of loess, caused by gelifluction (a periglacial process
which describes how frostbite causes a movement in the ground in areas connected to glaciers (Ealey &
James 2011:55–61).

Ealey and James (2011) describes historical examinations about the geology of the area which has
been mapped and describes the different bed rock of the area. The distribution of slate, amphibolite,
serpentinite, gabbro and Crousa gravel can be seen in figure 3.

Lowland Point, located in the eastern regions is located on the magmatic rock type gabbro, which is
explained as former oceanic crust (Ealey & James 2011). Gabbro has a massive structure, where the
mineralogical composition consists of plagioclase, hornblende, pyroxene and olivine (Holmgren 1993).
Holmgren (1993) also notes the absence of quartz in the bed rock. Coastal erosion along the south-west
of England has helped to make deposits from the Quaternary visible.

The weathering of serpentinite at Lizard creates thin layers of soil and is described as a totally
separate process compared to weathering of gabbro. Serpentinite produces very fine-grained
homogenous fragments, while gabbro and granite instead produce microcrystalline fragments, which is
common in igneous rocks. According to Ealey and James (2011), in connection with the lack of grainy
weathering material in the Lizard area, the rock composition means a reliable environment for the
identification of loess. This is because the loess soil contains quartz and lacks the granular weathering
material.

The loess formation of Lizard, about a meter thick, consists of serpentinite, clay and silt at the top.
Within the section there was a discontinuity as a result of periglacial processes or a horizon in the soil
layer formed at the soil formation. In the formation, the silt is separated from a finer-grained unit of
darker color, with embedded clusters of serpentinites (Ealey & James 2011).
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Figure 3. Distribution of slate, amphibolite, serpentinite, gabbro and Crousa gravel over the sample area,
Lowland Point marked by red dot (Ealey & James 2011).

2.2.4 Lowland Point – study area
Lowland Point is located in the county of Cornwall on the South West tip of England. Lowland Point, a
previous shore platform of 400 meters, is situated by the seafront. There are two exposed units of loess
at the site, one laminated unit/section with few visible clasts and the other with a considerable amount
of fragments of inclined gabbro, indicating that solifluction and frost heaving should have occurred in
the unit (Ealey & James 2011).

The section where the loess samples were collected is located on the east coast (coordinates: N50°
02.205’ W005° 04.141’) and is exposed 44° to the northeast.

The samples of loess soil were collected the 22nd of July 2019 by Thomas Stevens, senior lecturer at
the Department of Earth Sciences at Uppsala University. 36 samples for sediment proxies were gathered
along the section’s 180 centimetres, each at five-centimetre intervals, (figure 4). Furthermore, Stevens
divided the section into six units based on field interpretations based on the section’s stratigraphy
according to table 1 (Stevens T. personal communication1).

The bedrock of gabbro extends over the south-eastern area of Cornwall (figure 3), however, the
gabbro is almost exclusively exposed along the rocky shoreline (Scott et al. 2012). Inland, the bedrock
is covered by a flat plateau of heathland and pasture. From the eastern parts of Lowland Point, iron ore
occurs to the north. Iron concretions of orange-brown colour are found in muddy silt layers and include
sizes between tens of centimetres to meters in size (Scott et al. 2012). The iron is also found among
blocks of gabbro as massive structures.

Lowland Point, like the Lizard Peninsula (west of Lowland point), has been classified as loess
deposits, where two units are found along the coast. One of these two consists of more homogeneously
laminated loess, while the other exposure contains fragments of gabbro. These gabbro fragments are
depicted as obtained from frost shattering of the first stage weathering product from nearby areas (Ealey
& James 2011). Evidence that the area has previously been subjected to landslides is explained by
observations of vertical clusters in the lower laying unit of the section (Ealey & James 2011).

1 Thomas Stevens, Senior lecturer at the department of Earth Sciences at Uppsala University
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Figure 4. Sample site at Lowland Point. Photography: Thomas Stevens 2019.

Table 1. Stratigraphic description of units 0-5 (0-180 centimetres depth) in the section of loess at Lowland Point.
Unit  Depth (cm) Description
0 0–5 Upper soil layer with grass and humus.
1 5–30 Light silty sediment, sporadic content of gravel that becomes finer

grained and less frequent with depth. Peds at the top 16 cm
2 30–45 No distinct boundary between the layers. Contains very fine clusters of

gravel. Light colored silt with porous structure, small root holes and
single living roots. Blocky structure.

3 45–110 Dominated by silt. Varying boundaries, not horizontal. Light and silty
loess with darker orange bands, smeared structures and in spots.
Possible clay with porous loess structure with small cavities. Old roots
and potential burrows.

4 110–155 Sandy silt with weak but clear bands, dark muddy and lighter sandy.
Occasional dark, black spots, possibly charcoal. Limon à doublet.

5 155–180 No boundary. Finer and darker silt. Generally darker at the base. Dark
spots, possibly charcoal. Loess structure. Lots of clusters. Poorly sorted
with fine-grained matrix.
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2.4 Luminescence dating technique
In order to be able to determine the age of a material sample, the application of luminescence dating is
considered to be a well-established method that has been used during decades. The principle of
luminescence dating is based on determining how much time has elapsed since the mineral that is being
dated, was last exposed to heat or light, i.e. the time of when the mineral was buried.

Advantages of this method are described, among other things, as that the technology is economically
favourable. Another perk of the technique is that it can be performed on materials without the presence
of organic material (unlike the carbon-14 method), which means a wider range of possible samples and
dates samples with an age up to 300,000 years old. Furthermore, the establishment of the method can
be proven by an increased application (just before and after) the last turn of the century (DeWitt &
Mahan 2019).

In nature, the material is exposed to radiation from the surrounding environment, were decomposition
from uranium, thorium and potassium emits alpha, beta and gamma radiation. The sediment can store
this radiation, where the energy is absorbed by the valence electrons of the particles. The energy supply
causes the electrons to lift from their ground state, which then enables the electrons to move within the
crystal lattice. As the electrons move within the lattice, they can get caught in defects in the crystal
structure. With time and continued exposure to light, more and more electrons will get caught in these
defects. The electrons that do not collect in the lattice defect will immediately return to the valence band
and then be emitted as light or heat. The more charges there are within the defect, the stronger the
luminescence and the longer it has been since the mineral was exposed to light (DeWitt & Mahan 2019).

The reason why the method can date up to a maximum of 300,000 years back in time is that the
crystal lattice can hold up to a certain number of electrons, the mineral is thus saturated. When the
material is in direct contact with light, as it is during transport, the electrons are released from the defects
and the energy leaves the mineral. The sequence when the energy is drained from the mineral, i.e. when
the charges leave the defects and are emitted as light or heat, is called bleaching (DeWitt & Mahan
2019). It is therefore of great importance to avoid that the samples, on which dating is performed, are
exposed to light, as this would mean that the material fades, i.e. that the charge to be measured leaves
the material. The luminescence age corresponds to the time that has elapsed since the last bleaching of
the sample (DeWitt & Mahan 2019).

2.4.1 Post Infrared-Infrared Stimulated Luminescence
In luminescence dating, different techniques can be applied. Thermoluminescence (TL), optically
stimulated luminescence (OSL) and infrared stimulated luminescence (IRSL) have been used for dating
loess deposits (DeWitt & Mahan 2019).

Quartz optically stimulated luminescence is generally saturated at low doses, which restricts the
application of the signal to be able for dating to the last couple of hundreds of thousands of years. In
comparison to the OSL, the IRSL from feldspar can exhibit higher dose levels, which makes it possible
to extend the interval of the datable age. The difficulties with the IRSL method are the instability of the
signal which can cause noteworthy age underestimation. To avoid these problems while applying OSL
and IRSL, the more recent post infrared-infrared stimulated luminescence (post-IR IRSL was developed,
which seems to be working without signal instability (Buylaert et al. 2012). The feldspar signal showing
the lowest fading rates is found in the blue region of the wavelength spectra, with IR stimulations at
50°C. This signal is an elevated-temperature IRSL, called the post-IR IRSL signal. An IRSL stimulation
with a low temperature is followed by another IR stimulation, but this stimulation is at a higher
temperature then the first stimulation (this elevated temperature is what reduces the fading rate)
(Thomsen et al. 2008).

For the loess deposit dating for this study, OSL was initially intended to be applied, but results
showed the quartz OSL signal being too dim to use for dating, which led to feldspar dating by the post-
IR IRSL method being used for further measurements. As like with the OSL method, the p-IR IRSL is
performed in a laboratory to be able to receive measurements during controlled conditions. The method
describes how a pre-irradiated material (insulator or semiconductor) emits luminescence as a result of
being exposed to light, but in contrast of OSL, infrared wavelengths are being measured (unlike the
ultraviolet emission with the OSL) (DeWitt & Mahan 2019).

When the mineral sample is irradiated with light, the valence electrons in the mineral will be ionized,
i.e. an energy is added large enough to release the electron. This means that electron holes are created
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where this or these electrons were previously located. Energy from the light irradiation is absorbed by
the electrons trapped in defects in the crystal lattice and the electrons will thus transfer to the delocalized
conduction band. When the released electrons are then recombined, i.e. fall back from the valence band
to the electron hole, energy is released, which means emission of radiation and luminescence (Bøtter-
Jensen et al. 2003).

When dating sediment samples, mineral grains of quartz and feldspar are used, often small parts of
the sample or sometimes even individual mineral grains. For this study, mineral grains of quartz were
first chosen for the p-IR IRSL measurements, but when no signal was generated from the quartz, it was
not possible to further reproduce the results, and for the following measurements, K-feldspar were used
instead.

The intensity of the radiation to which the sample is exposed and the wavelength of the light are
known, and since the dose of absorbed radiation of the sample is proportional to the p-IR IRSL signal,
it is possible to find out the equivalent dose, hereinafter referred to as DE (Bøtter-Jensen et al. 2003). DE

is the dose applied for calibration in the laboratory and is described as the total amount of energy
accumulated during burial of the mineral. DE is expressed in the unit Gray, Gy (1 Gy = 1 J kg-1), which
corresponds to joules per kilogram and thus explains the amount of absorbed radiation as a quantitative
measure (DeWitt & Mahan 2019).

To be able to calculate the age for dating the sample, an additional factor is required, the dose rate
(DR). DR describes an amount of ionized radiation per unit time, the energy from radioactive decay in
the sample’s surrounding environment that is added to the mineral per year. This factor thus describes a
rate at which energy accumulated (DeWitt & Mahan 2019). This velocity measure is generated either
by directly measuring the amount of radioactivity in the sample or by measuring the concentration of
radioactive isotopes in the material in the surrounding environment where the sample was collected.
Both methods require chemical analyses in the laboratory(DeWitt & Mahan 2019).

When results are obtained for both DE and DR, a calculation is performed to determine the time that
has elapsed since the sample was last exposed to light. The calculation is made according to equation 1.

Equation 1. =

3. Method
The method will describe how the sampling was carried out, how the samples have been prepared with
chemical laboratory work and the luminescence method. The laboratory work took place at Stockholm
University at the Department of Geological Sciences. All laboratory work took place in a dark
laboratory, where the only dim light source was of orange light, so as not to bleach the samples.

3.1 Sample preparation

3.1.1 Sampling
The sampling area was cleaned, the depth of the section was measured, stratigraphic units and prominent
features were logged. Seven samples for the luminescence measurement were taken at fairly regular
depth intervals. This was done by hammering in metal pipes in the section which was then excavated.
Only the ends of the metal tubes were exposed to light and for this reason those parts of the loess were
removed in the laboratory (Stevens T. personal communication2).

3.1.2 Laboratory preparation of samples
Wet sieving was first applied for a rough grain fractions separation to receive a particle size of less than
0.315 millimetres. The seven samples from different depths were divided into separate glass beakers
and water was added, with the aim of separating any lumps in the samples to facilitate wet sieving. A
thoroughly cleaned sieve with a mesh size of 0.315 millimetres were used for each sample and the
material with a fraction >0.315 were discarded. The samples were then left for sedimentation for a period
of four hours and were then decanted so that all excess water and the material in non-sedimented

2 Thomas Stevens, Senior lecturer at the department of Earth Sciences at Uppsala University
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suspension were poured away. To remove carbonate mineral from the samples, 30 percent hydrochloric
acid diluted to 15 percent was added to the beakers.

To separate the grain fractions <63 µm and between 63-90 µm from each other, another wet sieving
was applied, were two sieves were places on top of each other (upper sieve mesh: 90 µm, lower sieve
mesh: 63 µm). The fractions were rinsed thoroughly with water and transferred to smaller glass beakers
where it was sedimented directly and then decanted.

To remove organic material from the samples, 15 percent hydrogen peroxide (H2O2) was added to
the samples, which were left under the influence of the acid for 24 hours and in the following days more
hydrogen peroxide was added until the samples did not indicate a reaction.

To separate K-feldspar and quartz from heavier minerals, density separation was applied using LST
heavy liquid and centrifugation (two minutes with a velocity of 500 rpm) two times with the aim of
detecting a layering where materials heavier than 2.7 g/cm3 accumulate in the bottom and materials
lighter than 2.7 g/cm3 in the top of the test tube. The upper layers (i.e. the lower density) of each sample
was rinsed to clean the minerals from the LST.

Density separation of quartz, with a density of 2.67 g/cm3, and feldspar, with a density of 2.56 g/cm3

was applied with LST at 2.58 g/cm3. Seven test tubes were filled with the samples and heavy liquid was
added and were left for one hour. The upper layer of K-feldspar was mixed gently, and the tubes were
then centrifuged for two minutes at the velocity of 500 rpm and left for two hours. Feldspar and quartz
were separately rinsed and dried.

3.2 post-IR IRSL procedure

3.2.1 Equivalent dose, DE

Table 2. Post-IR IRSL protocol (Thiel et al. 2011).
Step Treatment/observation
1 Dose
2 Preheat (320°C for 60 s)
3 IRSL (50°C)
4 IRSL (180°C)à LX

5 Test dose
6 Preheat (320°C for 60 s)
7 IRSL (50°C)
8 IRSL (180°C)à TX

9 IRSL (325°C)
10 Return to step 1

To receive the DE value, a SAR post-IR IRSL protocol, was applied according table 2. To be able to
determine which IR stimulation should be applied, an IR-stimulation plateau test was performed for
LP75 and LP125, where the DE was measured by using several aliquots that were exposed to different
temperature ratios; 50-180ºC, 75-180ºC, 100-180ºC, 125-180ºC and 150-180ºC. An average dose value
was calculated for each temperature ratio. The IR stimulation plateau was found where the measured
dose was constant (Buylaert et al. 2012). IR50 and pIR180 were chosen.

The test dose response monitors the luminescence sensitivity, and is held constant throughout each
cycle (Buylaert et al. 2012). Three aliquots were used to find the test dose plateau. A fixed dose of
radiation was given to the aliquots for 100 s, 300s, 500 s, 700s respective 1000s and the amount of light
emitted for each unit of radiation it has been exposed to was measured. To determine the test dose which
should be used, the average DE values for IR50 and pIR180 were plotted against the different times, but
since no prominent plateau could be found, the test dose plateau was calculated as the ratio between the
different times (in seconds) and the total DE dose (in seconds). A test dose of 165 seconds was chosen.

To convert the test dose in seconds to Gy, the test doses (100, 300, 500, 700 and 1000 seconds) were
multiplied with the machine dose rate for LP75 (≈0.1119).
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After being preheated at 320ºC for 60 seconds, the aliquots were stimulated according to the results
of the first IR stimulation plateau; at 50ºC, and the subsequent IRSL at 180º C for from which LX, the
natural dose response, was received.

The samples were then preheated again at 320ºC for 60 seconds, IR stimulated at 50ºC and when IR
stimulated again but with the elevated temperature 180°C, the TX, i.e. luminescence from fixed dose,
was received. The last IR stimulation of the cycle at 325°C for 200 seconds is called a clean out, which
purpose is to remove residual charge from the samples. During the second cycle of the protocol, the
steps are repeated, but with the sensitivity corrected signal ( ) and the natural dose (LX), which means
that the next LX received will be the regenerated dose response, which will be used in the next cycle.
The natural-, regenerated- and test dose response are all measured with the same preheat.

After the last measurements, one of the aliquot measurements is being used again, the recycling point,
as a control to make sure the results are about the same.

The dose recovery test is used to determine if a known laboratory dose can be used for the samples.
The same number of aliquots for known residual dose and dose recovery are bleached in light at room
temperature and the dose recovery aliquots are then irradiated with the known dose. The residual dose
is measured in the aliquots that were only bleached and the dose recovery is then measured with different
preheat temperatures. There was no time for fading data with the IRSL, but the post-IR IRSL results
received are considered to be accurate and give no fading.

3.2.2 Dose rate, DR

Table 3. Radioisotopes, daughter isotopes and half-lives of potassium, uranium and thorium (DeWitt & Mahan
2019).
Element Radioisotope Daughter isotopes Half-life (years)

Potassium, K 40K 40Ar 1.3 x 109

Uranium, U 238U
235U

206Pb
207Pb

4.46 x 109

7.13 x 108

Thorium, Th 232Th 208Pb 1.39 x 1010

The dose rate, DR, is expressed as the amount of energy absorbed per year from radiation in the
surrounding environment. The environmental dose rate is dependent on the concentration of radioactive
elements occurring in the surrounding terrestrial environment. The DR can be measured by the amount
of radioactivity, or by chemical analysis of the surrounding material, and then be able to calculate the
concentration of radioactive isotopes in the sample. (DeWitt & Mahan 2019).

The four types of environmental radiation are alpha particles ( ), beta particles ( ), gamma rays ( )
and cosmic rays, where alpha-, beta- and gamma rays originate from naturally occurring elements, both
in the sample and in the sample’s surrounding environment. The radioactive isotopes of potassium (40K),
uranium (238U and 235U) and thorium (232Th) are naturally occurring and gamma ray emission from the
radioisotopes or their daughter isotopes are used for estimation of the concentration (table 3). Radiation
is emitted from the nuclides during their decay, and the energy of the radiation is measured in electron
volts (eV) (DeWitt & Mahan 2019).

Alpha particles have a radiation which loose energy faster than beta and gamma, which effect the
particle not being able penetrate as deep into the particles (compared to beta and gamma rays), the
maximum penetration by an alpha ray is about 20 µm. The alpha radiation is removed when the grains
are etched, the outer shell of the grain is removed, i.e. where the alpha radiation have an effect, which
means that the alpha radiation does not need to be considered for further processes and calculations
(DeWitt & Mahan 2019). Beta radiation consists of high energy electrons and can penetrate materials
to about 1-3 mm in thickness, and the energy is weakened with penetration of the mineral grain which
result in a higher concentration of energy in the side of the grain where the beta particle entered,
compared to the side of the grain where the particle exits. Gamma particles also consist of high energy
photons, and this high energy enables the gamma particles to penetrate sediment up to 30-40 cm (DeWitt
& Mahan 2019).
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The dose rate is explained as the energy absorbed by a sample per unit mass and time, and since the
half-lives of the radioisotopes are known, the DR of the sample can be calculated with the concentration
of the isotopes in the surrounding environment.

Moisture content is a factor of great importance for calculating the DR. When the DR is to be
calculated, the energy absorbed in the sediment is assumed to be equal to all energy emitted to the
sediment. The environment in which the sediment is deposited may contain a certain amount of water,
which can fill the spaces in the sediment. This can cause the water to absorb some of the radiation in the
environment and when the water content increase, the DR decrease, and when the water content decrease,
the DR increase. Because the measurements of the DR are made on dried samples, the moisture content
must be taken into account (DeWitt & Mahan 2019). According to DeWitt and Mahan (2019), a
precentral increase in water content, can be estimated to an increase of the luminescence age with the
same percent (ratio 1:1). To correct for the moisture content, the water content for the time of burial
must be known, to then be able to calculate the average value (DeWitt & Mahan 2019).

The concentrations of the elemental nuclides can be converted to DR values because of the known
half-lives of the isotopes. The DR values must be calculated and corrected separately for the alpha, beta
and gamma radiation because of their different properties. There is also a consideration to be made
according to the coordinates for the site of sampling, due to the cosmic radiation (DeWitt & Mahan
2019).
To calculate the beta and gamma dose rates, equations 2-5 were used, the equation shows an example
with uranium for calculating the beta dose rate for one of the samples.

Equation 2. ( ) ×  =

Equation 3.
 ( )

=

Equation 4.  ×  =

Equation 5. + ℎ +  =

As for the error values for the DR values, they were calculated by the same procedure.
To calculate the DR (Gy/ka), equation 6 was used.

Equation 6. + + (  × 0,95)+  =
 ( ⁄ )

To calculate the age of the samples, equation 7 was used.

Equation 7. ( )( )⁄
 ( ⁄ )

=  ( )

As for the error values for the age of the samples, they were calculated by the same procedure.
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4. Results
Due to problems occurring with the machine while being used, there are no DE results for LP50 and
LP150.

4.1 First IR stimulation plateau and test dose plateau
In this section, results for the first IR stimulation and test dose will be presented in tables and graphs.
The results of all measurements and the values chosen for the post-IR IRSL protocol will be further
discussed in the discussion.
Table 4. Average values of the DE and DE errors presented in Gy for different IR- and pIR stimulation temperatures
at LP75. N = number of aliquots.

Temperature (°C) n DE (Gy) DE Err (Gy)

IR 50-180 5 43.7 1.0

IR 75-180 5 43.7 1.0

IR 100-180 5 45.6 1.1

IR 125-180 5 47.3 1.2

IR 150-180 5 45.7 1.2

pIR 50-180 5 55.0 1.4

pIR 75-180 5 55.7 1.4

pIR 100-180 5 55.7 1.5

pIR 125-180 5 54.4 2.0

pIR150-180 5 60.6 4.6

Figure 5. First IR stimulation plateau for LP75. The first IR stimulation temperatures are presented in °C and the
average DE values and error bars for each temperature is presented in Gy.
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Table 5. Average values of the DE  and DE errors presented in Gy for different IR- and pIR stimulation temperatures
at LP125. N = number of aliquots.
Temperature °C n DE (Gy) DE Err (Gy)
IR 50-180 3 45.7 1.1
IR 75-180 3 48.2 1.3
IR 100-180 3 48.4 1.2
IR 125-180 3 45.8 7.4
IR 150-180 3 50.3 1.4
pIR 50-180 3 57.9 1.5
pIR 75-180 3 57.2 1.5
pIR 100-180 3 63.8 2.0
pIR 125-180 3 54.8 4.4
pIR150-180 3 64.0 3.6

Figure 6. First IR stimulation plateau for LP125. The first IR stimulation temperatures are presented in °C and the
average DE values and error bars for each temperature is presented in Gy.
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Table 6. Test doses for IR50 at LP75 presented in Gy and received DE values and DE error values for the test doses
presented in Gy. N = number of aliquots.
n TD IR50 (s) TD IR50 (Gy) DE (Gy)
3 100 11.2 105.4 ± 3.0
8 300 33.6 115.8 ± 3.1
3 500 55.9 96.6 ± 2.5
3 700 78.3 103.7 ± 2.9
3 1000 111.9 100.0 ± 2.4

Table 7. Test doses for pIR180 at LP75 and received DE values and DE error values for the test doses presented in
Gy. N = number of aliquots.
n TD pIR 180 (s) TD pIR180 (Gy) DE (Gy)
3 100 11.2 116.9 ± 4.3
8 300 33.6 114.1 ± 3.3
3 500 55.9 120.6 ± 3.2
3 700 78.3 120.7 ± 4.0
3 1000 111.9 115.1 ± 2.9

Figure 7. Test dose plateau for LP75. Test doses for IR50 and pIR180 presented in Gy and received average DE
values and DE error values for each test dose presented in Gy.
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Table 8. Average natural dose and DE error values for IR50 and pIR180 presented in Gy for each sample depth
(cm). N = number of aliquots.
Sample depth (cm) n IR50 DE (Gy) pIR180 DE (Gy)

30 5 23.9 ± 0.6 32.0 ± 0.8
75 12 44.2 ± 1.1 54.6 ± 1.4
100 12 46.4 ± 1.4 60.2 ± 2.0
125 12 46.5 ± 1.1 57.6 ± 1.7
175 5 46.5 ± 1.1 58.8 ± 1.5

Figure 8. Average values of natural dose and error values in Gy for IR 50 and pIR 180 with depth in cm.

4.2 Dose rate and age
In this section, all results of interest received for enabling calculation of the dose rates and ages for the
samples will be presented in tables and graphs. The results of all measurements and calculations will be
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Table 9. Dose Rate conversion factors for alpha, beta and gamma radiation for uranium, thorium 232 and
potassium and rubidium presented in ppm with error values (Guerin et al., 2011).

Natural U (ppm) Th 232 (ppm) K+Rb (ppm)
Alpha 2.795 ± 0.08385 0.7375 ± 0.022125
Beta 0.1457 ± 0.00438 0.0277 ± 0.000819 0.7982 ± 0.02346
Gamma 0.1116 ± 0.00339 0.0479 ± 0.001428 0.2491 ± 0.00729
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Table 10. Values for uranium-, thorium- and potassium content corrected for beta attenuation in Gy/ka for LP30
– LP170. Beta dose rate in Gy/ka for the same samples.

Sample U corrected for
β attenuation

(Gy/ka)

Th corrected for
β attenuation
(Gy/ka)

K corrected for
β attenuation
(Gy/ka)

Beta Dose Rate
(Gy/ka)

LP30 0.246 ± 0.0173
0.252 ± 0.0179
0.259 ± 0.0186
0.297 ± 0.0210
0.297 ± 0.0216
0.254 ± 0.0183
0.267 ± 0.0208

0.145 ± 0.0103
0.169 ± 0.0121
0.156 ± 0.0113
0.203 ± 0.0145
0.174 ± 0.0127
0.169 ± 0.0123
0.171 ± 0.0135

0.942 ± 0.0655
1.058 ± 0.0745
0.990 ± 0.0702
1.000 ± 0.0700
0.918 ± 0.0660
0.987 ± 0.0703
0.925 ± 0.0716

1.334 ± 0.0686
1.478 ± 0.0776
1.405 ± 0.0735
1.499 ± 0.0745
1.388 ± 0.0706
1.410 ± 0.0736
1.364 ± 0.0757

LP50
LP75
LP100
LP125
LP150
LP170

Table 11. Wet dose rates and error values for uranium, thorium and potassium presented in Gy/ka, and gamma
dose rates and error values presented in Gy/ka for LP30 – LP 170.

Sample  Wet DR U (Gy/ka) Wet DR Th (Gy/ka) Wet DR K (Gy/ka) Gamma DR (Gy/ka)
LP30 0.210 ± 0.0143

0.214 ± 0.0148
0.220 ± 0.0153
0.252 ± 0.0174
0.253 ± 0.0178
0.210 ± 0.0143
0.214 ± 0.0148

0.292 ± 0.0199
0.340 ± 0.0234
0.315 ± 0.0218
0.408 ± 0.0280
0.350 ± 0.0246
0.292 ± 0.0199
0.340 ± 0.0234

308 ± 0.0209
346 ± 0.0237
324 ± 0.0223
327 ± 0.0223
300 ± 0.0210
308 ± 0.0209
346 ± 0.0237

.809 ± 0.0322

.900 ± 0.0365

.859 ± 0.0348

.988 ± 0.0397

.904 ± 0.0369

.809 ± 0.0322

.900 ± 0.0365

LP50
LP75
LP100
LP125
LP150
LP170
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Table 12. Average beta- and gamma dose rates with average error values, cosmic dose rate (with error values of ± 10%) and internal dose rates (with error values of ± 5%)
presented in Gy/ka for each sample. Average dose rate with error values for each sample calculated in Gy/ka.
Sample Beta DR (Gy/ka) Gamma DR

(Gy/ka)
Cosmic DR

(Gy/ka)
Internal DR

(Gy/ka)
Total DR

(Gy/ka)
LP30
LP50
LP75
LP100
LP125
LP150
LP170

1.334 ± 0.0686 0.809 ± 0.0322
0.900 ± 0.0365
0.859 ± 0.0348
0.988 ± 0.0397
0.904 ± 0.0369
0.880 ± 0.0359
0.879 ± 0.0386

0.187 ± 0.009
0.182 ± 0.009
0.176 ± 0.009
0.170 ± 0.009
0.165 ± 0.008
0.159 ± 0.008
0.155 ± 0.008

0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050

2.714 ± 0.0887
2.936 ± 0.0967
2.820 ± 0.0931
3.032 ± 0.0957
2.837 ± 0.0918
2.829 ± 0.0935
2.780 ± 0.0961

1.478 ± 0.0776
1.405 ± 0.0735
1.499 ± 0.0745
1.388 ± 0.0706
1.410 ± 0.0736
1.364 ± 0.0757

Table 13. Samples with depth in centimetres and grain size per sample in micrometres. WC= water content with error values of ± 20%. Uranium and thorium content with
error values presented in ppm, potassium content and error values of ±5% presented in percent. Summary of dose rates with error values all presented in Gy/ka.  Cosmic dose
rate with error values of ± 10% and internal dose rate with error values of ± 5%.

Sample Depth
(cm)

Grain
size (µm)

WC
(%)

U (ppm) Th (ppm) K (%) Beta DR

(Gy/ka)
Gamma DR

(Gy/ka)
Cosmic DR

(Gy/ka)
Internal DR

(Gy/ka)
Total DR

(Gy/ka)
LP30
LP50
LP75
LP100
LP125
LP150
LP170

30
50
75
100
125
150
170

63-90
63-90
63-90
63-90
63-90
63-90
63-90

19 ± 4
20 ± 4
20 ± 4
19 ± 4
21 ± 4
21 ± 4
27 ± 5

2.28 ± 0.11
2.35 ± 0.12
2.43 ± 0.12
2.76 ± 0.14
2.82 ± 0.14
2.39 ± 0.12
2.68 ± 0.13

7.40 ± 0.37
8.70 ± 0.44
8.10 ± 0.41
10.40 ± 0.52
9.10 ± 0.46
8.80 ± 0.44
9.50 ± 0.48

1.50 ± 0.08
1.70 ± 0.09
1.60 ± 0.08
1.60 ± 0.08
1.50 ± 0.08
1.60 ± 0.08
1.60 ± 0.08

1.334 ± 0.0686
1.478 ± 0.0776
1.405 ± 0.0735
1.499 ± 0.0745
1.388 ± 0.0706
1.410 ± 0.0736
1.364 ± 0.0757

0.809 ± 0.0322
0.900 ± 0.0365
0.859 ± 0.0348
0.988 ± 0.0397
0.904 ± 0.0369
0.880 ± 0.0359
0.879 ± 0.0386

0.187 ± 0.009
0.182 ± 0.009
0.176 ± 0.009
0.170 ± 0.009
0.165 ± 0.008
0.159 ± 0.008
0.155 ± 0.008

0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050
0.450 ± 0.050

2.714 ± 0.0887
2.936 ± 0.0967
2.820 ± 0.0931
3.032 ± 0.0957
2.837 ± 0.0918
2.829 ± 0.0935
2.780 ± 0.0961
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Table 14. Dose rates and error values in Gy/ka for each sample, equivalent doses and error
values of pIR in Gy for each sample and calculated age in ka with error values for each sample.
Sample Dose Rate (Gy/ka) pIR DE (Gy) Age (ka)
LP30 2.714 ± 0.089

2.936 ± 0.097
2.820 ± 0.093
3.032 ± 0.096
2.837 ± 0.092
2.829 ± 0.094
2.780 ± 0.096

31.99 ± 2.4 11.8 ± 1.0
LP50
LP75 54.57 ± 1.9 19.3 ± 0.9
LP100 60.17 ± 3.5 19.8 ± 1.3
LP125 57.62 ± 2.0 20.3 ± 1.0
LP150
LP170 58.85 ± 2.7 21.2 ± 1.2

Figure 9. Average ages with error values in ka for each sample depth in cm.
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5. Discussion

5.1 Interpretation of First IR-stimulation plateau and test dose plateau
With the first IR-stimulation at LP75, there is a relatively clear plateau in the IR, i.e. the average values
of DE are kept fairly consistent, which can be seen in table 4. Between 50 and 75 degrees, the DE values
are both at 43.7 Gy and the error values are approximately equal (± 9.0 for 50°C and ± 9.4 for 75°C).
For the pIR, there is a plateau between 50 and 125 degrees before the DE increases drastically. The DE

values from 50 to 125 degrees are within the range from 54.4 Gy (125°C) to 55.7 Gy (75°C and 100°C).
The first IR stimulation plateau can be seen in figure 5 as well. The plotted values for IR show a distinct
plateau between the two first points and a direct increase after 75°C. For the pIR values in the graph,
the DE values between 50 and 125°C show an approximate straight line between the points, but with
consideration of the error bars, the trend applies for the points. The IR-stimulation temperature chosen
was 50-180°C, dependent on the consistent trend for the IR and pIR stimulations.

With the first IR-stimulation at LP125, there is no clear plateau and the DE values are more variable,
which can be seen in table 5. For the IR values, there could be a possible plateau between 75-100°C,
which can also be seen in figure 6, where it is a relatively solid line. But because of no distinct trend
between the IR and pIR DE values, the plateau received from LP75 was chosen for LP125 as well.

As regards the test dose plateau, the DE values calculated had an extra 500s of dose on top of the
natural dose due to an error being made, which meant that instead of choosing a test dose value in
seconds, a proportion of the dose was calculated. According to tables 6 and 7 and figure 7, the DE values
received from IR50 relatively pIR180 show no clear plateau, since the measuring points are very
variable. A test dose of 165 seconds was selected, because the dose value was one third of the
approximated natural DE. The number of seconds is the size of the test dose, which means that more
seconds is equal to a larger test dose.

The DE values generally increase with depth (table 8 and figure 8), but there is a larger jump between
the shallowest pIR180 value from LP30 (32.0 ± 0.8 Gy) and the rest of the values (54.6 ± 1.4 Gy to 60.2
± 2.0 Gy). Although, the error bars are of importance while examining a possible trend in the values,
because they can make a difference of the average value. This is of importance for all of the following
interpretation according to trends. As mentioned earlier, the DE is described as the total amount of energy
accumulated during burial of the mineral, which indicate a higher amount of energy during the
deposition of the older samples (LP75 – LP175). For the shallower sample (LP30), it may be possible
that the loess has been reworked and or has undergone some pedogenesis, which would explain the
difference in DE, if the sample was exposed to light at a point of time posterior than the original time of
deposition. Another reasonable explanation of the relatively large difference in DE between LP30 and
the other samples is simply that the sample LP30 could have been accumulated at a later occasion in
time, hence during a second event of deposition than the rest of the samples. This sample comes from a
unit that has yielded Palaeolithic tools, which can indicate the possibility that the unit has been affected
of human activity (Stevens, T. Personal communication3)

5.2 Dose Rates and ages of the loess
In table 10, the corrected average contents of uranium, thorium and potassium per each sample are
presented. The uranium doses generally show a slight increase with depth, but the values are
approximately about the same. The thorium content for the samples have a slightly larger variation than
for the uranium, but they are still within the same range, and the potassium values can also be considered
in about the same interval. Noticeably, the LP30 sample contain the smallest value of uranium and
thorium, and this can also be considered valid for the potassium value.

According the beta dose rate, table 12, LP30 have the smallest dose rate of 1.334 ± 0.0686 Gy/ka,
while LP100 have the largest of 1.499 ± 0.0745 Gy/ka. The gamma dose rates alter between 0.809 ±
0.0322 and 0.988 ± 0.0397 Gy/ka. Both beta DR and gamma DR can be considered generally consistent
throughout all of the samples, which could indicate deposition during approximately the same
environmental conditions, hence the same period of glacial event.

3 Thomas Stevens, Senior lecturer at the department of Earth Sciences at Uppsala University
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The cosmic dose rate is, in contrast to the beta and gamma dose rates, decreasing with depth (0.187 ±
10% at LP30 respective 0.155 ± 10% at LP170). The basic principle of cosmic dose rate is that it
fluctuates over the surface of the Earth depending on the specific coordinates of the sample, and the
dose rate must not be neglected, in spite of the generally small value (Prescott & Hutton 1994). Because
the cosmic dose rate is dependent on depth of the sample along with latitude and altitude, the cosmic
dose rates here from Lowland Point are aligned with cosmic dose rates from Pegwell Bay in southeast
England (Stevens et al. 2020) . The cosmic DR received from Pegwell Bay at the depths between 30 and
170 cm are measured from 0.19 ± 0.01 (30 cm) to 0.16 ± 0.01 (170 cm) Gy/ka, which should strengthen
the credibility of the results presented in table 10 (Stevens et al. 2020).

The total dose rates alter between 2.7 ± 0.09 and 3.0 ± 0.10 Gy/ka (table 13). As mentioned, the DR

states the amount of energy absorbed per year from radiation in the surrounding environment, hence it
is explained as a rate (Gy/ka). The DR increase with depth, which means that more energy was absorbed
per year the older the sample is. The value of the total DR is dependent of the beta-, gamma-, cosmic-
and internal DR. LP100 have the total DR of 3.032 ± 0.0957 Gy/ka which is the highest value of the
samples and this is explained by beta DR and gamma DR also having larger values than rest of the
samples. Noticeable is that LP100 also have the largest pIR DE value, which accounts for the highest
total amount of energy accumulated during burial of the mineral (a quantitative measure).

5.3 Interpretation of the ages and Quaternary climate
The ages of the loess samples are presented in table 14 and figure 9 differs between 11.8 ± 1.0 and 21.2
± 1.2 ka. There is a general increase of age with depth for the samples. There is a distinct difference in
age at LP30 (11.8 ± 1.0), which is younger compared with the other samples, which can clearly be seen
in figure 9. The lack of result for LP50 (and LP150) makes it a little bit more difficult to interpret these
ages without being able to compare the samples at the time gap. Although, the gap between the younger
sample and the older ones is explained by the fact that the upper sample is a different unit which has
been reworked after the main phase of loess deposition and it has revealed stone tools in the past
(Stevens, T. Personal communication4). As figure 4 and table 1 displays, the top layer shows a
differentiated characteristic compared with the rest of the stratigraphy. Unit 1 and 2 is dominated by a
light-coloured silty sediment with content of gravel, with a fining trend of the gravel with depth, as well
as a decrease in frequency with depth. These units have a porous structure. The other units of the section
display a silty loess with some elements of clay and sandy silt. There is also a darkening of colour with
depth in these units. Reworking of the uppermost layer by anthropogenic influence would cause a
difference between the top layer and the rest of the stratigraphic units. Exploitation of the soil, as well
as atmospheric pollution could affect the vegetation and the characteristics of this younger layer of loess
(Wang et al. 1993).
 The ages of the Lowland Point (LP) feldspar post-IR IRSL correspond to Ospringe and Pegwell Bay
(Kent, SE England) ages 18.7 ± 2.3 and 17.2 ± 1.3 ka, indicating aeolian accumulation during the retreat
of the British Irish Ice Sheet (BIIS) (Clarke et al. 2007). A more recent OSL dating of the loess at
Pegwell Bay is described by Stevens et al. (2020), suggesting two phases of deposition, both related to
the BIIS. The particle size and content of heavy minerals in loessic deposits in SE England are compared
with till from the last glacial, thus loess in Britain is suggested to be related to the BIIS (Stevens et al.
2020). SW loess show a similarity to till from the Irish Sea Ice Stream, and further west the coarser
deposits imply to be originating from the western parts of the BIIS (Bateman & Catt 2007).
 A section of loess with a thickness of 3.5 meters at Pegwell Bay (Kent) was studied by OSL with the
purpose to determine the age and accumulation rate (Stevens et al. 2020). The result of the examination
showed two distinct phases of significantly increased accumulation, separated by circa 2-3 k years, and
this difference is of great interest as the samples from Lowland Point in this study show a similar timing
to the second enhanced event at Pegwell Bay. The loess at Pegwell Bay was presented with ages between
0.5 ± 0.0 and 23.5 ± 1.2 ka, with the first accumulation around 25-23.5 ka and the second enhanced
accumulation around 20-19 ka. It is suggested that the first event corresponds with Heinrich event 2,
caused when the North Sea ice lobe started to retreat which resulted in additional sediment transportation
and easterly winds along with the drainage of Dogger Lake. Furthermore, it is considered that the

4 Thomas Stevens, Senior lecturer at the department of Earth Sciences at Uppsala University
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accumulation decreased due to the following retreat of the western parts of the BIIS because of storms
traveling to the north, resulting in a reduced transport of loessic material over southern England as well
as a decrease of sediment supply from the North Sea. When the maximum coverage of the North Sea
Lobe retreated again at 21-20 ka, it is suggested that a subsequent enhanced sediment supply to SE
England occurred by meltwater originating from the North Sea and from eastern parts of England
(Stevens et al. 2020).
 For the interpretation of the first accumulation event at Pegwell Bay, it is corresponded with the time
for the retreat of the North Sea Lobe, resulting in sediment transport by meltwater as well as easterly
winds, which could be an explanation to loess deposit impacts in south western counties.
The samples from Lowland Point are more aligned with the second episode of accumulation in Pegwell
Bay, between 20.2 and 19.3 ka. This could indicate that the loess in Cornwall was as well affected by
the retreat of the lobes of the BIIS resulting in loesss accumulation. In this case, the loess could be
deposited by meltwater from the BIIS and thawed permafrost. Although, this suggestion does not take
the fact that the sediment is coarser at Lowland Point into account, which probably indicate another
source of the sediment supply (Stevens et al. 2020).
 During the main events of deposition at Pegwell Bay, SE England is described with permafrost
conditions around 27-21 ka. After this period, the permafrost decreased to be more sporadic which is
concurrent with a period of thickening of loess layers. Stevens et al. (2020) continues by proposing an
answer to the question of what may have caused the difference by the two units, which is linked to an
active layer deepening during the time of retreat of the North Sea Lobe of the BIIS with a warmer climate
and moist air (Stevens et al. 2020). Additionally, the two units of loess are described by different
characteristic, the upper unit with a denser packing of particles which is thought to be explained by
hydroconsolidation due to the amount of water content in the soil. Furthermore, this suggestion might
also explain the lack of root traces and carbonates in the upper unit and due to permafrost conditions
(Stevens et al. 2020). According the section at Lowland Point, the upper unit contains some old roots
and burrows, as well as possible content of clay. By the time of this initial deposition, the maximum
coverage of the North Sea Lobe retreated, indicating a wet climate due to meltwater and thawing
permafrost at Lowland Point.

The ages of the Lowland Point loess could indicate a single phase of accumulation between
22.4 – 18.4 ka (21.2 ± 1.2 and 19.3 ± 0.9 ka), presumed that the sample from the LP30 (11.8 ± 1.0) has
been reworked, explaining the distinction of the age. The accumulation event occurring at 22.4 – 18.4
ka corresponds to the second event of deposition at Pegwell Bay occurring at 20 – 19 ka.
 Stevens et. al (2020) proposes that the second event of loess deposition at Pegwell Bay (20 – 19 ka)
is explained by a major input of sediment to the southern North Sea, which occurred rapidly. This
sediment supply is thought to be caused by the retreat of the North Sea Lobe (NSL) of the BIIS, releasing
meltwater and discharge from glacial lakes. Glacial Lake Dogger was formed as a result of the first
maximum of the NSL, causing a dam of the Southern North Sea around 28 – 25 ka. Drainage of Lake
Dogger and a retreat of the NSL caused large transports of meltwater and sediment southwards and this
was concurrent with the southwest expansion of the Irish Sea Ice Stream (Stevens et al. 2020). During
circa 22 – 21 ka, concurrent with the second peak of deposition at Pegwell Bay and the deposition at
Lowland Point, the ice stream was further north and the NSL reached its maximal extension, once again
causing forming of glacial lakes over east and south England. Additionally, this caused dam up of large
amounts of meltwater from the BIIS and the Fennoscandian Ice Sheet (FIS) (Stevens et al. 2020). During
21 – 19 ka, i.e. the time of loess accumulation at Lowland Point, the lobe decayed abruptly, as well as
drainage of Lake Dogger and glacial lakes, and the release of the FIS and BIIS. This would have resulted
in an input of meltwater along with sediment to the southern part of the North Sea, causing a change of
morphology and access to a lot of glacial sediment (Stevens et al. 2020).
 If we consider the deglaciation of the Irish Sea Ice Stream as a source to the accumulation of loess
at Lowland Point, it would be supported by the fact that the maximum was reached at 23 ka, i.e. just
prior to the initial accumulation at Lowland Point. In addition, LP is located closer to the NSL, which
would strengthen the argument of origin source of the sediment.
 As mentioned, for interpretations of paleoclimate and previous wind records, dust distribution is
important for understanding the events of accumulation. For example, the previously prevailing wind
direction can be estimated based on the decrease of particle size of accumulated loess, since the size
decrease with distance from the originating source sediment (Muhs 2013b). According Muhs (2013b),
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circulation of dust during the last glacial period is described as transcending the amount of atmospheric
dust during the Holocene, resembling glacial periods when dustiness is increased compared with
interglacial periods. This condition is explained by several factors which can cause an increase of global
dust, such as wind speeds, hydrology and precipitation, soil moisture and source areas. However, Muhs
(2013b) suggest an additional factor which is considered important, and that is that the expansion and
LGM of larger ice sheets as the Laurentide Ice Sheet (covering Canada and the northern US), the
Cordilleran Ice Sheet (covering North America) and the Fennoscandian Ice Sheet (covering
Scandinavia) and smaller ice sheets caused formation of glacial sediment of silt size, resulting in several
of the younger loess deposits distributed across the globe. Furthermore, it is argued that the start of the
retreat of the BIIS occurred during 26.3 – 24.8 ka, and if the suggestion of production of glacial silt is
of consideration, this could indicate that the loess deposited at Lowland Point shortly after could be a
product from this formation (Muhs 2013b).
The variation of transport and accumulation of dust is proven to have been a distinct characterization
for the last glacial cycle, with storms of dust and high contents of dust (Seelos et al. 2009). During circa
60 – 32 ka, the dust accumulation is enhanced, and the dust storms are described as more recurrent.
When the LGM is reached, occurring circa 18 ka, the maximum amount of dust sediment is also reached,
which also corresponds with the accumulation of dust at Lowland Point (Seelos et al. 2009).

6. Conclusion
The equivalent dose of the post-IR IRSL showed a general increase with depth, but a clear difference of
Gray could be seen after the depth of 30 cm. The total dose rate also showed an increase with depth.
The result of the analysis determined the samples to ages between 11.8 ± 1.0 and 21.2 ± 1.2 ka, and they
are considered to have been deposited during the same time of event, with possible reworking of the
shallowest depth.

A possible and likely explanation for the accumulation of loess at Lowland Point is that the area was
affected by when the lobes of the British Irish Ice Sheet retreated, causing an input of meltwater of the
BIIS from a southwestern direction. It is also considered that an input source is originating from thawed
permafrost when the climate became warmer and wetter, which should be considered an explanation for
the thicker layer of loess.

When the North Sea Lobe of the British Irish Ice Sheet retreated, large amounts of sediment were
transported to the southern North Sea by meltwater and discharge water from glacial lakes. By the time
of the sudden supply of water and sediment, the Irish Sea Ice Stream expanded and during 22 – 21 ka,
by the time of the deposition of loess at Lowland Point, the North Sea Lobe reached its maximum.
Around 21 – 19 ka, the lobe decayed, resulting in further input of sediment.
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