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Abstract 

 

Late Quaternary climate reconstruction using rock-magnetism in loess on Portelet, Jersey 

Elias Hero 

 

Loess is a very fine aeolian sediment that can be used as a proxy for stadial and interstadial glacial 

periods. To understand how Earth’s climate have changed and what effects that change have had on the 

planet and life on it we can use climate archives. The composition of loess and soil often contains a 

small amount of magnetic minerals which can be used for identifying warmer and colder periods. The 

climate is recorded in the soil as it is deposited and climate changes. By examining loess as a climate 

archive, we can increase our understanding of past climate, with this increased understanding inferences 

about changes to future climate and climate changes can be made. The aim of this study has therefore 

been to understand the depositional environment of the loess sequences on Portlet, Jersey in the English 

Channel. This was done by examining the magnetic susceptibility of 173 samples taken from the units 

in the sequency of Portelet and interpreting the variations of magnetic susceptibility in them. The 

location of Portelet on the edge of the glacial maximum and next to the Atlantic Ocean makes it an 

interesting study area in connection to climate change. The magnetic susceptibility measurements show 

a variation in warmer and colder periods during the deposition of the sediments in the sequency and the 

units vary in the type of enhancement model that can be applied to them. The study provides a clearer 

picture of the depositional environment during the stadial and interstadial during the late Quaternary. 
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Sammanfattning 

 

En klimatrekonstruktion av Portelet, Jersey utifrån magnetism i lössjordar under sen-

kvartär tid 

Elias Hero 

 
Löss är ett fin-kornigt eoliskt sediment som kan användas som för att avläsa klimatet under glaciala och 

interglaciala perioder. För att förstå hur jordens klimat har förändrats och vilka effekter den förändringen 

har haft på planeten och livet på den kan vi använda oss av klimatarkiv. Löss och jord innehåller ofta en 

liten mängd magnetiskt mineral som kan användas för att identifiera varmare och kallare perioder. Löss 

kan användas som ett klimatarkiv då den enkelt kan kopplas samman med den glaciala cykeln. Syftet 

med denna studie har därför varit att förstå deponeringsmiljön för lössekvenserna från Portelet på Jersey 

i engelska kanalen. Detta gjordes genom att undersöka den magnetiska suscibiliteten i 173 prov tagna 

från enheterna i Portelets sekvens och tolka variationerna i resultaten. Portelet ligger idag där gränsen 

för den största glaciära utsträckningen har legat och bredvid Atlantiska oceanen, vilket gör platsen till 

ett intressant studieområde kopplat till klimatet. De magnetiska suscibilitetsmätningarna visar en 

variation i varmare och kallare perioder under avsättningen av sedimenten i sekvensen och enheterna 

varierar i vilken typ av modell som kan appliceras på dem. Studien ger en tydligare bild av 

deponeringsmiljön av sedimenten under glaciala och interglaciala perioder. 

 
Nyckelord: Klimat, löss, magnetisk suscibilitet, Portelet  
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1.Introduction 
Climate change is one of today’s most pressing issues and increased knowledge of how the climate has 

functioned and changed in the past can give us an understanding of its changes now and how it will 

change in the future. A majority of experts around the world is today in agreement that human activity 

on the planet is having an impact on it’s the environment and climate. To accurately predict how it is 

changing and how these changes will have an effect on future life on earth further comprehension of 

how the planets different climate systems are going to react to climate forcing and the causes of these 

changes at the scale that the planet is now facing (Mccarroll 2015). 

Paleo-climatic archives can serve not only as a basis for understanding changes in climate 100 of 

millions of years ago but also variations on shorter time scales as during the last glacial period 

(Rasmussen et al. 2014). The understanding of the slow and quick changes in glacier and interglacial 

climate can give a key insight into future and past climate and therefore it has become and major focus 

in quaternary research (Evans & Heller 2003). 

Especially interesting to the study of the paleoclimate during the quaternary era are the non-

continuous loess belts that stretch from northern China to Europe (Evans & Heller 2003). Dust records 

can show a high-resolution picture of how climate and weather is closely tied to climate development 

and that dust flow is greatly increased during periods of glaciation. Dust particles do not just offer a 

good picture of past climates but are also an instigator to changes in it. This can happen by changes to 

the radiative effect or by modification to clouds(Maher 2011). 

This speaks to the importance in scientific research of how aeolian dust works and that sampling and 

analysing the dust paleo-archive can give us further understanding of past and future climate (Maher 

2011). Magnetic susceptibility (MS) is a tool that has become standard to use when trying to interpret 

paleoenvironment and paleoclimate and its relation to the glacial and interglacial cycles. (Bradák et al. 

2021). When deposited loess layers are subjected to changing environment and climate it undergoes 

pedogenisis which means that it can become enriched by authigenic minerals due to warmer and wetter 

climate. This is called the pedogenic model and is used to understand variational changes from stadial 

to interstadial periods(Evans 2001, Bradák et al. 2021). The model follows the so called “True Loess 

Line”, which is reference data that can be used to compare the trends in different data sets to see if the 

trend follows the pedogenic enhancement model or if it deviates, which would be because of other 

possible enhancement models (Zeeden et al. 2018) There are different ways to interpret the data provided 

by a magnetic susceptibility measurement since the enhancement can have happened because of a 

number of different reasons which would give varying results. The models currently used to explain 

these changes are. The previously mentioned pedogenic model where warmer and more humid climate 

causes the increase and wind-vigour model which is more rare in the Europeans loess belt (ELB) rather 

than being the sole reason for magnetic enhancement it works with the pedogenic model, but where the 

magnetic susceptibility has been weakened due to an increase of wind during stadial periods(Zeeden et 

al. 2018). But there are also other models which can explain magnetic enhancement in paleosols but 

there is no clear consensus on their application. But they can still be an explanation of the magnetic 

susceptibility. Particle dissolution because of hydromorphic effects where the water dissolves magnetic 

minerals and lowers the concentration of fine magnetic grains and strong chemical weathering which 

decrease size of magnetic minerals and particles (Zeeden et al. 2018, Bradák et al. 2021). These models 

can help us to understand the depositional environment and development of the stratigraphy which 

would reflect the climate during deposition.  

The Atlantic have played a large role in the paleoclimatic changes and is deeply connected to the 

northern hemisphere glaciation cycle. During the late Quaternary the climate experienced a variation of 

changes which caused glaciation and interglacial periods in the northern hemisphere ice 

sheets(Ruddiman 2014). The work that has been done on Portelet is dated and there haven’t been any 

recent studies done on the location. Due to its location close to the Northern Atlantic and the Atlantic 

Ocean close connection to the glaciation cycles the island of Jersey and its loess as a proxy for stadial 

and interstadial periods are of interest to understand northern hemisphere climate change during the late 

Quaternary.  
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1.2 Aim of study 
The overall aim is to utilize magnetic susceptibility to reconstruct late Quaternary climate of Portelet on 

Jersey. To achieve that aim different models will tested to see which is applicable to explain 

enhancement of MS in loess and associated sediment at Portelet. 

2. Background 
In this chapter information is provided about late quaternary climate, some general background about 

loess about the study area is provided. 

 

2.1 Late quaternary climate change is north-western Europe 
The northern hemisphere ice sheets experienced many variations in climate during the late Quaternary. 

During this period is went through several periods of stadial and interstadial periods. Many of which 

have been closely tied to the Atlantic Ocean. During interstadial periods an influx of water from the 

melting ice sheets have exacerbated the affects that the Atlantic oceans has on the changes of climate 

during these periods(Ruddiman 2014). 

The ocean plays a major role in in the climate system acting as a large reservoir for heat, a source for 

water-vapor and storage system for CO2. It acts as a transport system of heat and nutrients around the 

globe. In the North Atlantic the Atlantic meridional overturning circulation (AMOC) acts as this 

transport system and has local as well as global effects, it does this by transporting heat from the southern 

Atlantic towards the northern Atlantic and changes to these systems will have local as well as global 

impact. Changes to the strength of AMOC is believed to play an important role in variations in the 

Atlantic Ocean’s surface temperature and changes to various weather patterns such as hurricanes 

(Menary et al. 2020). 

The north Atlantic Ocean experienced several variations in climate during the late quaternary ice age 

which were caused by fluctuating events called Dansgaard-Oeschger or D-O and Heinrich events. 

Which changed the conditions of the ocean and atmosphere and shifted the climate too milder or too 

full glacial environments, also called interstadial and stadial periods. During Heinrich events the ice 

sheets collapse and is believed to cause an influx of fresh water from melted ice to the Atlantic Ocean 

causing a weakening of AMOC (Rasmussen et al. 2014, Menary et al. 2020). To understand the 

oscillations of the glacial cycles during the late Quaternary period proxies for these changes are needed, 

one such proxy is paleo-archives and loess is an excellent proxy for stadial and interstadial glacial 

periods.  

 

2.2 Loess 
Loess is an aeolian (wind-blown) silt (4-63 μm) dominated (60 – 90%) (see figure 1) sediment deposit 

that covers large portions of the planet’s land mass, around 10% (See figure 2). It can deposit on top of 

the existing topography and can form one centimetre to several hundreds of meters thick sediment 

deposits (Muhs 2013). Its mineral composition is usually mainly 55 – 65% quartz but also a variation 

of different compositions depending on what the origin source is and where it has been deposited. 

Among the many different minerals that loess can contain, some have magnetic properties. Magnetic 

minerals that loess may contain are magnetite, maghemite and hematite (Pye 1995, Muhs 2013). Loess 

is formed and deposited in the periphery of mainly two different regions, periglacial and semiarid deserts 

with a variation of different processes. In periglacial regions, glacial grinding, fluvioglacial abrasion 

and frost actions are the dominant processes. In cold and dry deserts, frost action and salt weathering 

are the main causes of loess formation (Evans & Heller 2003).  
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Figure 1 A picture of a unit of loess from Portelet. Picture taken by: Yunus Baykal. 

 
Figure 2 World map showing the general locations of the world’s loess deposits. World distribution of loess 

Modified after Pye (1984) (Li & Qian 2018). 
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Loess is an excellent source for paleoclimatic archive because of its depositional range and ease of 

dating and has been studied thoroughly in northern Europe and America as a proxy for interglacial cycles 

(Muhs 2013). It is also able to give an insight into terrestrial paleoclimate where other methods usually 

do not give a clear picture of climate on land due to being mainly marine or ice-core oriented. It can 

give rare insight into atmospheric circulation during the quaternary period due to being one of the only 

sediments that is deposited directly from atmospheric processes (Muhs 2013). When the loess has been 

deposited, it will be exposed to new natural processes from weather and climate which will influence 

how it evolves. It will be transformed by physical, biological, and chemical processes, which during 

warmer climate periods lead to an increase in precipitation, which promotes pedogenisis (soil 

formation). When the old soil has been buried by more and newer loess blown in during new glacial 

periods, they form paleosols which then can be observed in the stratigraphic sequence (Evans & Heller 

2003).  

 

2.3 Loess in northern France and southern England  
Loess is mainly deposited around 50°N in Europe which is near the margins of the quaternary ice sheets. 

The area around the English Channel where Jersey (see picture A in figure 3) is situated, northern France 

and England are covered in a thin layer of loess. Loess and other sand cover southern England and 

northern France as a thin non-continuous blanket with smaller variations in thickness in some places, in 

Kent it reaches 4 meters in depth and some other places in southern England it may reach 8 meters. In 

northern France the deposits are generally thicker and reaches 12 meters in some localities (Antoine et 

al. 2003, Stevens et al. 2020).  

Loess in western, northern and central Europe has been proposed to have its origin from exposed 

sediments in the North Sea and the English Channel. When exposed during periods of low stand western 

and eastern winds are believed to have displaced these dust sediments and then deposited them all over 

Europe(Stevens et al. 2020).This is further argued in (Lefort J-P et al. 2019) where northern katabatic 

wind is believed to have displaced loess in the English channel and redistributed it further south and 

west during the late Pleistocene.  

2.4 Jersey: Geography  
The Island of Jersey is situated in the western part of the English Channel 19 kilometers from the 

coast of mainland France close to the Atlantic Ocean at 49.214439, -2.131250 (see picture B in figure 

3). It is 8 kilometers from north to south and about 16 kilometers across. The topography mainly consist 

out of a plateau surrounded by cliffs, beaches and loess deposits (Britannica 2020).   

The island of Jersey has earlier been studied by D.H Keen and in a large extent the stratigraphy of 

many of the island’s outcrops have been described by him. The general goal is to date and understand 

the climate and environmental conditions during deposition of the sediments.(Keen D et al. 1996). Loess 

covers large portions of the island which is believed to have been deposited during the Pleistocene, the 

islands around Jersey are similar. Jerseys shores have tall, raised beaches reaching 30 m in some cases 

but the topography varies greatly. Earlier work that has been done on the island often has a connection 

to the palaeolithic due to the island at times become connected to mainland France and man could travel 

to the island (Keen D.H 1978).  
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Figure 3 The figure is showing where in the English Channel that the island Jersey is located in picture A, Jersey 

is marked within the red circle. It is also showing where on Jersey Portelet is located in picture B, the general area 

marked within the red circle. 

 

2.5 Study area: Portelet  
Previously research that has been done on the site of Portelet is limited, in 1993 a field guide and a 

description of the depositional stratigraphy of the site was published by D.H Keen. In the guide an 

interpretation of the units ages is made and an estimated correlation to the marine isotope stages is made. 

The Lower head (LH), which is believed to have been accumulated during a cold stage is estimated to 

have been deposited during marine isotope stage 6 and the Lower loess (LL) that is overlying the LH is 

probably also deposited during isotope stage 6 but could also be a number of other different ages 

aspribed to the unit (Keen DH et al. 1993), if it is a stage 6 unit it would have an approximated age range 

of 186 kyr to 128 kyr (Bischof et al. 1990)The sand sediments of Upper beach (UB) and Upper head 

(UH) are referred to as the upper marine sediments and would have been deposited during a period of 

high sea-level. These two units are estimated to have been deposited during marine isotope stage 5, but 

this correlation uncertain and is due to the underlying layers being estimated to isotope stage 6 and the 
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overlying soils units being correlated to marine isotope stage 5 (Keen D et al. 1996). Marine isotope 

stage 5 has an age range of 130-70 kyr and the stage is characterized by three mild periods interrupted 

by two colder stages (Helmens 2014). The overlying units of loess C,B and A are believed to be have 

been deposited some time during the Weichselian Middle Pleniglacial and the Upper Pleniglacial, which 

would make the ages of the units around between 59 kyr and 13 kyr and is believed to have been 

undergoing rapid pedogenisis during a colder period (Keen DH et al. 1993, Huijzer & Vandenberghe 

1998). 

There has also been a study done about non-marine molluscs on Portelet that compare the site to 

others on Jersey, southern England and northern France to date the site relative to others and also 

understand the climate under the deposition. In this study they make an estimation based on the mollusc 

content in the stratigraphy that the profile is no more than 121 kyr years old. There were also molluscs 

that are generally associated with colder climate present in the stratigraphy (Rousseau & Keen 1989). 

Two areas close to Portelet have also been studied Belcroute and La Cotte de Saint Brelade, where the 

Belcroute have been studied similarly to the Portelet site with a stratigraphic and environmental 

interpretation. In the La Cotte de Saint Brelade section a luminescence dating has been done and the 

units ages ranges between 105 kyr and 50 kyr with a couple of thousand years uncertainty (Keen D et 

al. 1996, Bates M et al. 2013) The location of Portelet and the close section of Belcroute have a terrestrial 

record of blown sand and head deposits that formed when the area was in the periglacial zone. Some of 

the units in Portelet contain loess which some are up to 3 meters in depth (Bates MR et al. 2003). 

The profile of Portelet on Jersey stretches for twenty meters from the beach and up and is divided 

into seven different units see figure 4. Here follows a description of the stratigraphy stating at the bottom 

with unit LH which is the oldest unit. For a more comprehensive description of the units see Appendix 

2 or table 1. Lower Head (LH) is the oldest unit placed at the bottom, it is a beach head deposit which 

is a result of slow flow of material from a higher ground to a lower, this is normal in periglacial areas 

(Bates MR et al. 2003). In the unit a small amount of gravel in isolated band can be found. Lower Loess 

(LL) begins at 1870 cm depth and is the first loess layer found, it contains loess with alternating layers 

of clay, silt and loess bands. The next unit is the Upper Beach (UB) which is a small beach deposit layer 

which beings at 1550 cm depth. Upper Head (UH) is also a head deposit similar to LH but is much larger 

and beings at 1450 cm depth and stretches for 725 cm, this makes it the largest unit in the sequence. The 

following three units contains varying amounts of loess. Unit C is the smallets unit on 85 cm and loess 

mixed with gravel and gravel bands throughout the unit. Unit B is the largest loess unit and begins at 

1365 cm depth and consist out of loess and gravel in the lower part and laminated loess and red silty 

clay that continuous into the last unit A. Unit A is the last unit which has been deposited last. It is 255 

cm deep and starts out as B ends with alternating red silty clay bands. The unit becomes coarser closer 

to the surface, first with silt mixed sand and then sand at the top of the unit.  
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Table 1 Table of the key sediment descriptions of the profile. For a complete description of the loess units see 

Appendix 2.  

Unit Sediment 

properties 

Unit Sediment 

properties 

POR-

A 

Sand POR-C loess mixed 

with gravels 

loess 

loess with 

gravel 

bands 

fine sand 

mixed with 

silt 

POR-UH head 

Loess 

(alternating 

silt and red 

clay bands) 

sand 

POR-UB beach 

POR-LL gravel/sands 

POR-

B 

loess with 

alternating 

clay and silt 

bands 

loess (partly 

laminated) 

loess/loam 

laminated 

loess 

POR-LH  head 

(relatively 

little gravel 

content, 

rather in 

isloated 

bands) 

laminated 

calcareous 

loess 

loess mixed 

with gravel 

layers/lenses 
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Figure 4 Stratigraphic column of Portelet profile on jersey showing units A,B,C(in red) and UH(in blue) in the 

middle, UB and LH(in green) to the right in the picture and LL(in purple) to the left in the picture. The different 

sections are grouped together from where in the section the samples were taken from. Picture taken by: Yunus 

Baykal 

3. Method 
This chapter covers the material and method used during the experiments for this dissertation and the 

theory behind it.  

 

3.1 Magnetic susceptibility 
Magnetic susceptibility (MS) is measured in m3kg-1 and is the amount of material that is susceptible to 

being magnetized when put through a magnetic field (Evans & Heller 2003). As discussed in (Evans & 

Heller 2003) the magnetization of the material in loess can have two different origins, in the first one 

where the magnetic material is inherent in the loess before deposition, and the second is formed during 

post depositional alterations. The amount of material that is affected by the magnetic field is dependent 

on the amount and the composition of iron-bearing compounds that the soil contains such as 

ferromagnetic and paramagnetic minerals. Ferromagnetic and paramagnetic mineral content and their 

grain size are the controlling factors for how magnetized a soil can become (Buggle et al. 2009). 

Previous research has shown that grains of superparamagnetic (SP) (<30 nm) size are more common in 

paleosols and singledomain (SD) and multidomain (MD) (>30 nm) are more common in loess layers. 

Single and Multidomain grains means that there are one single or multiple magnetic domains where the 

magnetization appears in a single or multiple direction (Evans & Heller 2003, Buggle et al. 2009). In 

minerals formed during pedogenisis the ferrimagnetic minerals as magnetite and maghemite are of 

especial importance since they have a much higher susceptibility (4–5×10−4 m3 kg−1) than 

antiferromagnetic and paragamnetic mineral grains which have a susceptibility which is lower (6–

7×10−7 m3 kg−1) (Buggle et al. 2009). 

The method of measuring the differences in low and high magnetic susceptibility and comparing 

them has been used extensively to describe soil-forming processes in loess (Ranganai et al. 2015). As 

Por

POR A,B,C

POR UH

POR LL
POR UB, LH
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previously mentioned in the introductory part of this dissertation there are two main theories to how 

magnetic susceptibility have been enhanced in loess or paleosols. 1.The pedogenic model is a linear 

relationship between low frequency(𝜒lf) and Frequency dependence(𝜒FD) defines the True Loess Line. 

The True Loess Line is a linear trend suited for 𝜒lf and 𝜒FD where the increasing relationship between 

them describes increased pedogenisis with an increase in magnetic enhancement. The process of 

pedogenisis is when the loess or paleosols is magnetically enhanced due to in situ authigenic mineral 

formation. The neo-mineral formation stems from higher temperatures and a more humid climate which 

leads to an increase in precipitation. This creates conditions for an increase in low frequency (𝜒lf) 

magnetic susceptibility and in frequency dependent (𝜒FD) magnetic susceptibility which is favourable 

for the neoformation of superparamagnetic elements (Bradák et al. 2021). 2. The wind-vigour model 

shows an increase in 𝜒lf compared to 𝜒FD, this would cause the data to deviate from the True Loess 

Line. Wind-vigour is an enrichment of magnetic minerals with coarser grain size. An important aspect 

of the wind-vigour models is that it is not the only cause of enrichment, but it rather works with the 

pedogenic processes. The model is rare in the ELB but there are records of it described in (Zeeden et al. 

2018) and (Stevens et al. 2020). 3. Other models which enhance the magnetic susceptibility are used 

but there is currently no consensus on their application. The magnetic enhancement may change when 

exposed to water, chemicals and weathering. The effects from hydromorphic change causes a magnetic 

depletion of the minerals and results in a lower 𝜒lf and a higher 𝜒FD and FD% in comparison (Bradák 

et al. 2021). The depletion of magnetic minerals by hydromorphic, chemical or weathering  effects can 

have a decreasing effect on the magnetic susceptibility in soil (Evans & Heller 2003). 

The relationship between high frequency and low frequency can be used to detect the magnitude of 

ferrimagnetic susceptibility (Evans & Heller 2003). Absolute frequency dependence(𝜒FD) is calculated 

by subtracting variable 𝜒hf from 𝜒lf, 𝜒FD can be used to detect the very small superparamagnetic 

particles in a sample when it is compared to 𝜒lf (Evans & Heller 2003). It is also used in relation to 𝜒lf 

to detect the neoformation of magnetic minerals in soils, this can be used as a measurement for paleo 

precipitation which has a close relationship with the neoformation of magnetic minerals. 𝜒FD is used to 

detect ultrafine magnetic minerals  Loess generally has a lower FD%, usually <5% and paleosols usually 

have FD% values >5%. (Bradák et al. 2021). 

As also mentioned in (Bradák et al. 2021) Lower frequency but higher FD and FD%, mineral depletion 

while wind-vigour and mineral dissolution would describe an increasing trend in FD and FD% but a 

decrease in 𝜒lf.  

 

3.2 Material  
A total of 173 samples has been used as basis for this report. The samples have been collected from 

vertical profile in Portelet on Jersey by Yunus Baykal PHD student at Uppsala University and Dr. Daniel 

Veres, Romanian Academy, Institute of Speleology, Cluj-Napoca, Romania (who can be seen as scale 

in the picture in figure 4) assisted in the collection of the samples. The material has been collected in 5 

cm increments from the top unit A to C and then again at the Lower Loess (LL). Only sporadic samples 

were collected from the other three sections UH,UB and LH.  
 

3.3 Preparation and measurement of samples 
The samples were put into separate glass beakers in an oven on 50°C until the samples were dry. After 

drying the samples were crushed using mortar and pestle into a finer mass, care was taken not to crush 

the minerals and then put into 2 cm3 non-magnetic plastic cubic boxes. These were then weighed 

separately, and the mass of the plastic box was subtracted from the total mass of the sample. 

 

Formula 1:  Sample mass = (Sample mass + cubic box) – Cubic box 

 

In sequences known to contain loess every sample was measured and sequences where there where 

none or small amounts containing loess (section UH, UB and LH) only sporadic samples had been taken 

was preprepared and measured. Before the samples were measured a holder-correction was made with 

an empty plastic cube to remove the magnetic susceptibility from the diamagnetic plastic material in the 

cube. The magnetic susceptibility of the samples was measured three times each on two different 

frequencies for a total of six times per sample, first on frequency 976 Hz and 15616 Hz corresponding 



 10 

to 𝜒lf and 𝜒hf in the instrument Kappa MFK1-FA see Figure 5 in room temperature and with a field 

amplitude of 200 A/m. The mean magnetic susceptibility was then calculated, and this data was used to 

calculate the absolute frequency dependency 𝜒FD, see formula 1 and relative frequency dependency 

𝜒FD%, see formula 3. 

 

Formula 2:   𝜒𝐹𝐷 =  𝜒lf –  𝜒hf 
 

Formula 3:   𝜒𝐹𝐷% =  
(𝜒𝑙𝑓−𝜒ℎ𝑓)

𝜒𝑙𝑓
× 100 

 
Figure 5 Picture of the MFK1-FA Multi-Function Kappa Bridge used during measurements of magnetic 

susceptibility. Picture taken by: Elias Hero 

4. Results 
In this chapter the results from the measurements of the magnetic susceptibility in the units of Portelet. 

For a complete list of magnetic susceptibility data, see Appendix 1. 

 

4.1 Magnetic susceptibility of loess 
The 𝜒lf values for the Portelet stratigraphy span between 2,383E-07 which is the highest and 5,215E-

08 which is the lowest value of magnetic susceptibility reached during the measurements. A majority of 

the stratigraphy has a FD% which is <5% accept in some cases, especially in unit A which generally has 

a larger FD% value. The low frequency is also low in comparison to other loess sections for example in 

comparison to the Lantian loess from China which will be presented later in this chapter. As can be 

observed in figure 6 where the low frequency (𝜒lf) and the relative frequency (FD%) magnetic 

susceptibility is visually presented against each other there are some oscillations and changes in the units 

and the amount of magnetic susceptibility they have.  
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Figure 6 From left to right in the figure there is a profile of the stratigraphic column against low frequency (m3kg-

1) and relative frequency dependence (FD%) in relation to each other.  

 

There are clear differences between the units where some oscillate dramatically such as in unit LL, 

UB, UH, C and A which all contain some sort of steep increase or decrease in magnetic susceptibility, 

and other units have much smaller oscillations as can be observed in figure 6. The few data points in 
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unit LH that starts at 2000 cm depth do not give a lot of information about the variations of low frequency 

magnetic susceptibility in the layer, but from the information given changes in it seems to be few, this 

can also be said about the FD% as seen in figure 6. In the next unit LL, which starts at 1770 cm the low 

frequency magnetic susceptibility increases in the beginning the then fall of and oscillate between higher 

and lower values until the end here it increases dramatically. FD% also increases here but not as much 

as the low frequency magnetic susceptibility This increase of both low frequency and FD% is the 

beginning of the next unit, UB. This unit, just as LH has a low amount of data points but as mentioned 

it has a major increase of magnetic susceptibility in the beginning which then decreases dramatically. 

Unit UH which begins at 1450 cm depth is the largest unit and this unit also has relatively few data 

points. Put as can be observed in figure 6 there are a few changes in both low frequency and FD%. The 

unit starts off with to decreases in FD% with an increase between them this is not mirrored in the low 

frequency accept in the second decrease. In the middle of the unit the FD% stays relatively high, around 

5% which then decreases towards the end of the unit. The low frequency has two increases in the from 

the middle section and towards the end where the first increase around 950 cm is relatively large and 

the second one around 800 cm which does not mirror the FD% which instead keeps decreasing while 

the low frequency has an increase. The next unit C is a small unit and the low frequency observed here 

as seen in figure 6 has a larger decrease throughout the whole unit. The FD% in the unit is oscillating at 

lower values with a larger decrease in the beginning relative to the other values in the unit. The following 

unit B begins at 635 cm depth, the unit varies steadily throughout with no larger oscillations accept some 

smaller ones, here the low frequency and FD% also differs from each other. There are two relatively 

larger increases of low frequency, one in the beginning of the unit and one at the end. There is also a 

larger decrease in FD% around 580 cm but also a smaller increase at 380 cm. In the top layer or the 

youngest layer at 255 cm there is a major increase in both low frequency and FD% which mirror each 

other, this increase covers most of the unit, but it does decrease at the end. In the beginning of the unit 

there is also a smaller decrease in FD% relatively to the low frequency.  

 

 
Figure 7 Shows the Portelet data against with 𝜒lf and 𝜒FD and shows their linear development against each other. 

Putting them in comparison sheds light on where in the stratigraphy the largest magnetic enhancement developed 

the most. Units UB, UH and A seems to have the highest 𝜒lf values, this is also true in the case of 𝜒FD accept that 

A and UB seems to have had a larger enhancement by 𝜒FD. The other units have formed a cluster of dots that 

have a similar development.  

 

As can be seen in figure 7 the 𝜒lf and 𝜒FD were plotted against each other to observe the relationship 

between them. The data shows where in the stratigraphy the magnetic susceptibility is high and low and 

in which unit. The largest low frequency value as observed in figure 7 is from unit UB (light blue) and 
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the largest 𝜒FD is from unit A(red). It also shows how scattered the data is in the unit which is an 

indication of a variation of magnetic susceptibility within the units. 

 

 
Figure 8 Absolute Frequency dependence(𝜒FD) against Low frequency(𝜒lf). Portelet data compared to the “True 

Loess Line” data plot in black dots and a black trend line. True loess data in black and the Portelet data in colour. 

True loess line is doted black with a blue trend line through it. 

 

Plotted data of 𝜒lf and 𝜒FD against each other, showing a trend between the from the True Loess 

Line from Lantian in the Chinese loess plateau (provided by Thomas Stevens April 2022) and some 

units in the Portelet data. Units A and UH looks to be following the trend. The other plots show signs 

of both higher and lower 𝜒lf. The Portelet data has overall quite smaller values than the true loess data 

from Lantian in the Chinese loess plateau as can be seen clearly in figure 8. Resulting in that the 

magnetic susceptibility enhancement has been much lower in the Portelet stratigraphy than in the 

Lantian. The data shows indications of several different explanation models for magnetic susceptibility 

enhancement. 

5. Discussion 
In this chapter an interpretation of the result and how the different units in the stratigraphy can have 

been magnetically enhanced and in what environment this might have happened will be discussed. The 

graphs will be discussed and compared against the models mentioned in (Bradák et al. 2021) to see if  a 

correlation can be made between them. The interpretation will be done per unit starting in the order of 

deposition starting at the bottom with LH, this is because when compared with the true loess, it is clear 

that there are several different enhancement models that is responsible for the enhancement in the units. 

Lastly a discussion about the whole stratigraphy will follow.  

 

5.1 Unit LH (Lower Head) 
The Lower head (LH) is describe as being a product of sheet wash and fan accumulation during a cold 

age, it is also believed to have been deposited during marine isotope stage 6 (Keen DH et al. 1993) 

which would put it on an age range of 186 kyr to 128 kyr (Bischof et al. 1990). But as stated in (Rousseau 

& Keen 1989) the ages based on the molluscs observed in the sequency the oldest should be around 121 

kyr old. Now this leaves the question if the unit is older or younger than 128 kyr old.  

In figure 6 the data gives no major indication of warming or cooling in the climate. Its 𝜒lf and 𝜒hf 

values are relatively normal with no major fluctuation but with a decrease in the middle of the unit of 

both 𝜒lf and FD%, this suggest that the unit has not undergone any larger temperatures  variations and 
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has probably been deposited during a relatively cold period as discussed in (Keen DH et al. 1993). But 

as can be seen in figure 8 where the data is compared to the Lantian data there is a correlation with the 

trend line and may suggest some hint at pedogenic development. But there is a problem with this part 

of the stratigraphy and that is that the data points could be too few (only four samples were taken at the 

site) to determine anything definitive about this unit. The description of the unit and the ages ascribed 

to it would put it at the end of marine isotope stage 6 or the beginning of marine isotope stage 5. The 

most likely scenario is a late-stage marine isotope stage 6 which is mostly consisted of colder climate 

(Seidenkrantz et al. 1996) and due to it is underlying a beach unit that have probably been deposited 

during warmer periods with a higher ocean level during a warmer stage 5 (Keen DH et al. 1993). This 

makes sense since the head probably being formed in a periglacial environment when the overlying 

sediment is thawing and the sediment beneath staying frozen causes a separation due to slope activity.  

 

5.2 Unit LL (Lower Loess) 
The Lower loess is overlying the Lower head and contains loess and is probably deposited in the early 

stages of marine isotope stage 5 or late in stage 6, but a more exact dating has not been done yet. The 

Unit also shows signs of pedogenisis followed by a transgression (Keen DH et al. 1993) which would 

mean that the climate got warmer during this period.  

In the lower loess there are some fluctuations with a larger fluctuation in the beginning reaching a 

maximum of 1,422E-7 m3kg-1 in 𝜒lf and 4,0E-9 m3kg-1 in 𝜒FD but the majority of the sequence has 

smaller fluctuations and relatively low 𝜒lf and 𝜒hf- values. The larger 𝜒lf but smaller 𝜒FD values may 

indicate magnetic mineral dissolution and a period of dust accumulation during an arid periods as 

described in (Bradák et al. 2021). The data of the Lower loess does seem to be trending above the True 

Loess Line and this as suggest an increase in 𝜒lf relative to 𝜒FD and may be an indication of the wind-

vigour model according to (Bradák et al. 2021). As mentioned in (Keen DH et al. 1993) there are signs 

of pedogenisis which might be supported by the data with smaller increases in magnetic susceptibility 

in places. But what is more interesting is the large increase of magnetic susceptibility at the end of the 

unit. 

 

5.3 Unit UB (Upper Beach) 
The Upper beach is a small mostly sand dominated unit that cuts an erosional surface over the Lower 

loess and lower head. The UB is suggested to have been deposited during a transgression and a warming 

period during marine isotope stage 5e due to it not being succeeded by any marine deposits and being 

overlying paleosols that show a strong indication of being deposited during later parts of marine isotope 

stage 5 (Keen DH et al. 1993). The oldest the unit can be is then 128 kyr as 5e is the oldest in isotope 

stage 5 (Bigelow 2013). The large increase in magnetic susceptibility and FD% seen in figure 6 is very 

interesting. It could be an indication of increased temperatures and a warmer climate during the late 

marine isotope stage 6 and isotope stage 5e. There might even be an indication of pedogenisis during 

this period in the unit as observed in figure 8 when compared to the true loess line, as the data follows 

the same pattern but has a larger 𝜒FD value. Parallels can be drawn to the early Holocene which show 

similar indications of warming as in the intermediate period of 6/5e isotope stages. Similar cold stage 

pedogenisis have been observed in locations that have been attributed to a similar time period, one such 

is the sequency in Nantois, France (Seidenkrantz et al. 1996).  

The unit reaches the largest 𝜒lf value in the entire stratigraphy. In the rest of the unit there are no 

large fluctuations but rather a steep decline in 𝜒lf but an increase in FD% as can be observed in figure 
6 after the large increase in 𝜒lf. But UB has just as unit LH have a very small number of data points 

this makes the analysis of this unit limited. The larger increase of 𝜒lf and FD% could be an indication 

of pedogenisis and this is supported by the relationship between these two variables. The decrease in 𝜒lf 

but increase in FD% might be an indication of enhancement models other than the pedogenic (Bradák 

et al. 2021). The increase in FD% which is an indication of magnetic depletion,  would give a lower 𝜒lf 

and higher 𝜒FD and FD% due to hydromorphic effects or intense weathering which is also mentioned 

in (Zeeden et al. 2018). This could be supported by increase in ocean level after the period of 
pedogenic enhancement in the late isotope stage 6 and 5e stage (Seidenkrantz et al. 1996). The 
deposition of the sediment could therefore have coincided with the Last Interglacial period, when 
the global temperature and ocean level rose (G.H. Miller 2006) 
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5.4 Unit UH (Upper Head) 
The Upper head unit is the largest unit in the sequence stretching for 725 cm between the UB and the 

overlying loess deposits. The unit is mostly made from sand or blown sand in the lower parts which is 

overlaid by a beach head deposit. The blown sand deposits show signs of undergone pedogenisis in two 

separate parts of the unit (Keen DH et al. 1993). The lack of marine deposits above these sections tells 

us that the sea regressed after the deposition of the upper beach deposit and was replaced by a windier 

and more arid climate, but which still allowed for pedogenisis to take form during ocean level retreat. 

The blown sand is suggested to be have been deposited right after the 5e marine isotope stage in (Keen 

DH et al. 1993). Marine isotope stage 5e is believed to have been a warm period that was as warm or 

possibly warmer than today (Bigelow 2013). This with a regression observed in (Keen DH et al. 1993) 

shows signs of warmer climate going into colder when comparing the UB and UH units. The head in 

unit UH have humic characteristics observed in it together with reworked sand, the unit have not been 

dated but might be correlated with other similar units in other sequences in the region and which could 

therefore be dated to the Lower Pleniglacial which is between 75-60 kyr old (Keen DH et al. 1993).  

Although also this unit has a low amount of data points similar to what we can see in LH and UB 

there are obvious fluctuations from low 𝜒lf that can be observed in figure 6. Comparing this with the 

data in figure 6 there are some differences in the 𝜒lf data and the FD% data. In the beginning of the unit 

there is a fluctuation of increased FD% which is stated in (Bradák et al. 2021) to be characteristic of 

magnetic depletion by either hydromorphic effects or weathering. This could make sense as this section 

of the unit could correlate to the period of retreating sea level when isotope stage 5e ended and the 

climate started to get colder. The FD% can be seen in three places where it increases throughout the 

unit. The 𝜒lf is relatively steady throughout but with a major fluctuation at 900 cm depth, which marks 

a major increase in 𝜒lf. When comparing the data with a higher 𝜒lf and a relatively lower FD% could 

be an indication of wind-vigour (Zeeden et al. 2018) When compared to the True Loess Line the data 

in figure 8 it looks like the data is following the trend and could therefore be an indication of some sort 

of pedogenisis, but the data is as mentioned before limited and therefore hard to make a comprehensive 

analysis. (Keen DH et al. 1993) mentions that the section has some parts that has been affected by 

cryogenic processes and this could be a support for a wind-vigour model during some parts of deposition 

since this would be during a colder and more arid climate. Also, according to (Keen DH et al. 1993). 

The unit is mostly consistent with a colder stage with a windier and more arid climate than previous and 

with some cryogenic and periglacial processes, this could be an indication of a later isotope 5 stage since 

the underlying unit is believed to have been deposited during a warmer 5e isotope stage. This could 

correlate this unit to a colder 5d earlier.  

The section of Portelet have not been fully dated and a magnetic enhancement analysis is not enough 

to give a fully comprehensive picture of the climate events and under which environment that have been 

current during the deposition of the sediment. Other methods are needed to give a more thorough 

understand of the section. The result seems to support the consensus of two major warming and two 

major colder events that have occurred during the deposition. 

 

5.5 Unit C 
Unit C is the start of the upper loess units which have been divided into three units C,B and A in order 

of deposition. Unit C is a loess unit with mixed gravel and gravel bands it is also the smallest unit, only 

85 cm long. In (Keen DH et al. 1993) the unit is correlated to the middle or upper Pleniglacial which 

would make it around 30 kyr old.  

The unit have a large decrease in both 𝜒lf and FD% but the FD% bounces back up again see figure 

6. The decrease of 𝜒lf and FD% is difficult to make a comprehensive interpretation of but could be 

because of depleting effect and processes which removes large amounts of the magnetic material. The 

increase in FD% while 𝜒lf still has a lower value could be an indication of more depletion by 

hydromorphic or weathering effects as is also described in (Zeeden et al. 2018). In figure 8 there there 

could be signs of pedogenic processes as the data of unit C is clustered around the trend line, but the 

values of unit C are also appearing below and above the true loess trend line which would mean that 

other processes have been involved in the development of the unit.  
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5.6 Unit B 
As with unit C unit B is also ascribed to the middle or Upper Pleniglacial putting it at around 30 kyr old. 

According to (Keen DH et al. 1993). The unit together with C and A can be correlated to the Kessel 

sequence in Belgium which is believed to have been deposited during the same time period (Keen DH 

et al. 1993). The Kessel sequency is described as being characterized by permafrost and coincides with 

the last glacial maximum when the ice sheets where at its peak during the last ice age. The deposition 

rate where also quite high due to an increase in wind strength. The colder period where interrupted by a 

few smaller warmer periods (Vandenberghe et al. 1998). The temperature should have stayed a few 

degrees around -5°C during this period and a correlation between the colder and warmer periods is 

drawn with the Dansgaard-Oeschger cycles between 40 and 27 kyr ago (Vandenberghe et al. 1998). The 

cycles temperature in Portelet would likely have been the same and the colder and warmer periods seen 

in figure 6 could also correlate to the Dansgaard-Oeschger cycles.  

The Unit start off with an increase in 𝜒lf which might be because of pedogenic processes, this then 

decreases and is followed by a decrease in FD% which mean that the MS got depleted by other 

processes. The unit oscillates on medium values throughout the unit with only smaller increases and 

decreases. In Figure 8 the data points are all clustered around the true loess line with a small trend along 

it. Most of the data points occur just beneath the trend line, this could be because of lower 𝜒FD in 

relation to 𝜒lf which could be an indicator for magnetic depletion of the unit. The lack of major MS 

events could be explained by a larger rate of loess deposition during colder periods with a small amount 

of pedogenisis during the shorter warmer periods.  

 

5.7 Unit A 
Unit A is from the Upper Pleniglacial and is therefore younger than 30 kyr old. The unit contains limon 

à doublets which is an indication of colder climate with consistent freezing and thawing action (Lefort 

JP et al. 2019). The unit seems to have undergone some pedogenisis in during colder conditions 

according to (Keen DH et al. 1993).  Same as unit B it is correlated to the Kessel sequence in Belgium 

but also with Bølling-Allørd warming event (Keen DH et al. 1993). The Bølling-Allørd is described as 

a warming period which causes the ice sheet to retreat around 14,7 kyr ago as it restarted the AMOC, 

this is also connected to Heinrich stadial 1 (Thiagarajan et al. 2014). 

Unit A is showing a clear correlation to the true loess line in figure 8 which means that it has  

undergone pedogenisis and in figure 6 there is a major increase in magnetic susceptibility which suggests 

that it is during this period that the pedogensisis happened. FD% is larger than 𝜒lf in figure 6 which 

would be an indication of mineral dissolution and weathering, but as discussed in a trend of higher FD% 

and lower 𝜒lf alongside pedogensis is something that has been observed in other places in the ELB. 

According to (Keen DH et al. 1993) the pedogenisis is a cold stage processes which probably took place 

close after the loess deposition. 

The unit can have been deposited during a period of colder climate which transitioned rapidly with 

the Bølling-Allerød event which could have caused the rapid increase in 𝜒lf and FD% that can be 
observed in figure 6. This would also make sense with figure 8 and the clear relationship between 
unit A and the true loess line.  
 

5.9 Sources of error 
Most of the data that was retrieved from the measurement does seem to be correct but there is one data 

value where the 𝜒hf becomes larger than 𝜒lf which results in a negative 𝜒FD-value (-5E-10 m3kg-1). 

Now this is possible to happen, but since it is the only one to have had this happen to it out of all the 

data it is possible that there has been an error during the measurements. The data was checked and the 

three values that were added to get the mean value are all similar to each other. 

There can also have been other sources of error during the process of preparing the samples before 

measurement and during the measurements.  

6. Conclusion 
The stratigraphic sequence at Portlet on Jersey have been deposited in both colder and warmer 

temperatures and undergone several different enhancement processes that can be correlated to climate 

events or near the climate events which has allowed for an approximation for ages on some of the units. 
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The section has undergone two major cold periods and two major warmer periods following each other. 

Between the major climate changes smaller oscillation in climate and temperature can the deducted. 

This can be observed in the results of the magnetic susceptibility data from this study. The warmer and 

colder periods can be correlated to some major events, such as the earlier units are likely to be from 

marine isotope stage 6 and 5, where 6 represented a colder period which transited into a warmer period 

in 5e and then again changed to colder climate during the latter part of isotope stage 5. This can be 

observed in unit LH, LL and respectively UB. During the deposition of UB the ocean level was higher 

because of temperature increasing, which could have allowed for the rapid increase in magnetic 

enhancement observed in the UB unit. This is then followed by a colder more arid environment in UH 

which could be part of the later stage 5 isotope event. The extent of the UH layer is indicative of a 

windier climate which could allow a rapid deposition rate of material, the magnetic enhancement could 

then be explained by the increase in wind and a wind-vigour model could be the cause for this increase. 

The following two units C and B seems to have been deposited during a colder period which can be seen 

in the magnetic enhancement data and is supported by the stratigraphy. They also show smaller sings of 

pedogenisis but also of other processes such as magnetic depletion due to the lower 𝜒FD and FD% 

values. A, the last unit is most likely affected by pedogenisis due to the large increase in 𝜒lf, 𝜒FD and 

FD%. This can also be seen when compared with the true loess line which it follows in large part 

throughout the unit. A might also have been deposited or undergone pedogenisis when the last glacial 

maximum ended which could give a possible age for the unit.  
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Appendix 1. Magnetic susceptibility data 
Sample Depth [cm] Xlf[m3kg-1] Xhf[m3kg-1] FD[m3kg-1] FD[%] 

1 2,5 1,357E-07 1,275E-07 8,2E-09 6,042741341 

2 12,5 1,21267E-07 1,14467E-07 6,8E-09 5,607476636 

3 22,5 1,34567E-07 1,26933E-07 7,63333E-09 5,672529106 

4 32,5 1,311E-07 1,24033E-07 7,06667E-09 5,390287312 

5 42,5 1,46433E-07 1,36833E-07 9,6E-09 6,555884361 

6 57,5 1,44767E-07 1,34433E-07 1,03333E-08 7,137923095 

7 67,5 1,49733E-07 1,403E-07 9,43333E-09 6,300089047 

8 77,5 1,72067E-07 1,58967E-07 1,31E-08 7,613328167 

9 87,5 2,05767E-07 1,91033E-07 1,47333E-08 7,160213834 

10 97,5 2,042E-07 1,871E-07 1,71E-08 8,374142997 

11 107,5 1,79667E-07 1,64733E-07 1,49333E-08 8,311688312 

12 117,5 1,541E-07 1,41033E-07 1,30667E-08 8,479342418 

13 127,5 1,42633E-07 1,30767E-07 1,18667E-08 8,319700865 

14 137,5 1,006E-07 9,30467E-08 7,55333E-09 7,508283632 

15 147,5 6,49867E-08 6,183E-08 3,15667E-09 4,857406648 

16 157,5 6,57967E-08 6,30433E-08 2,75333E-09 4,184609149 

17 167,5 6,978E-08 6,713E-08 2,65E-09 3,797649756 

18 177,5 6,71033E-08 6,47067E-08 2,39667E-09 3,571605981 

19 187,5 0,000000056 5,46733E-08 1,32667E-09 2,369047619 

20 197,5 5,21467E-08 5,06033E-08 1,54333E-09 2,959601125 

21 207,5 5,30667E-08 5,13933E-08 1,67333E-09 3,153266332 

22 212,5 7,146E-08 6,86767E-08 2,78333E-09 3,894952887 

23 217,5 7,66733E-08 7,379E-08 2,88333E-09 3,760542562 

24 222,5 7,02467E-08 6,80133E-08 2,23333E-09 3,179273038 

25 227,5 6,09E-08 5,841E-08 2,49E-09 4,088669951 

26 232,5 8,362E-08 8,11133E-08 2,50667E-09 2,997687953 

27 237,5 9,46533E-08 9,09567E-08 3,69667E-09 3,905479645 

28 242,5 0,00000012 1,16667E-07 3,33333E-09 2,777777778 

29 247,5 1,108E-07 1,077E-07 3,1E-09 2,797833935 

30 252,5 1,036E-07 1,00267E-07 3,33333E-09 3,217503218 

31 267,5 1,02033E-07 9,96967E-08 2,33667E-09 2,290101274 

32 272,5 1,07733E-07 1,055E-07 2,23333E-09 2,073019802 

33 277,5 1,095E-07 1,06833E-07 2,66667E-09 2,435312024 

34 282,5 1,258E-07 1,22433E-07 3,36667E-09 2,676205617 

35 287,5 1,17567E-07 1,15133E-07 2,43333E-09 2,069747661 

36 297,5 1,18467E-07 1,148E-07 3,66667E-09 3,095104108 

37 307,5 1,184E-07 1,15167E-07 3,23333E-09 2,730855856 

38 312,5 1,54533E-07 1,50767E-07 3,76667E-09 2,437446074 

39 322,5 1,00267E-07 9,75833E-08 2,68333E-09 2,676196809 

40 327,5 8,90533E-08 8,63133E-08 2,74E-09 3,076807905 
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41 332,5 9,06833E-08 8,823E-08 2,45333E-09 2,70538504 

42 337,5 8,87133E-08 8,66033E-08 2,11E-09 2,378447434 

43 342,5 9,40767E-08 9,146E-08 2,61667E-09 2,78141941 

44 347,5 9,434E-08 9,21567E-08 2,18333E-09 2,314324076 

45 352,5 8,94E-08 8,734E-08 2,06E-09 2,304250559 

46 357,5 9,66933E-08 9,44433E-08 2,25E-09 2,326944291 

47 362,5 0,000000093 9,094E-08 2,06E-09 2,215053763 

48 367,5 9,325E-08 9,07833E-08 2,46667E-09 2,645218945 

49 372,5 8,65033E-08 8,388E-08 2,62333E-09 3,032638434 

50 377,5 8,858E-08 8,50033E-08 3,57667E-09 4,03778129 

51 382,5 9,819E-08 9,65833E-08 1,60667E-09 1,636283396 

52 387,5 1,203E-07 0,000000118 2,3E-09 1,911886949 

53 392,5 1,023E-07 9,991E-08 2,39E-09 2,336265885 

54 397,5 9,36967E-08 9,15833E-08 2,11333E-09 2,255505354 

55 402,5 9,506E-08 9,21133E-08 2,94667E-09 3,09979662 

56 407,5 8,95567E-08 8,72167E-08 2,34E-09 2,612870808 

57 412,5 8,54567E-08 8,34133E-08 2,04333E-09 2,391075399 

58 417,5 8,60567E-08 8,42367E-08 1,82E-09 2,114885541 

59 422,5 8,78567E-08 8,57567E-08 2,1E-09 2,390256858 

60 427,5 8,64067E-08 8,37533E-08 2,65333E-09 3,070750714 

61 432,5 9,972E-08 9,715E-08 2,57E-09 2,577216205 

62 437,5 8,76567E-08 8,52967E-08 2,36E-09 2,692322318 

63 442,5 8,65867E-08 8,467E-08 1,91667E-09 2,213581768 

64 447,5 7,74433E-08 7,52E-08 2,24333E-09 2,896741704 

65 452,5 8,228E-08 8,01133E-08 2,16667E-09 2,633284719 

66 457,5 8,36733E-08 8,20167E-08 1,65667E-09 1,979921919 

67 462,5 9,51133E-08 9,30533E-08 2,06E-09 2,165837247 

68 467,5 8,599E-08 8,38867E-08 2,10333E-09 2,446020855 

69 472,5 1,04733E-07 1,01833E-07 2,9E-09 2,768936983 

70 477,5 8,08033E-08 7,964E-08 1,16333E-09 1,439709583 

71 482,5 8,268E-08 8,17633E-08 9,16667E-10 1,108692146 

72 487,5 8,129E-08 7,926E-08 2,03E-09 2,497232132 

73 492,5 8,45033E-08 8,264E-08 1,86333E-09 2,205041221 

74 497,5 8,29E-08 8,12333E-08 1,66667E-09 2,010454363 

75 502,5 7,96867E-08 7,79733E-08 1,71333E-09 2,150087844 

76 507,5 7,969E-08 7,787E-08 1,82E-09 2,283849918 

77 512,5 8,95267E-08 8,781E-08 1,71667E-09 1,917491995 

78 517,5 8,79633E-08 8,682E-08 1,14333E-09 1,299784001 

79 522,5 9,34933E-08 9,163E-08 1,86333E-09 1,993011979 

80 527,5 8,77867E-08 8,687E-08 9,16667E-10 1,044198056 

81 532,5 9,134E-08 8,995E-08 1,39E-09 1,521786731 

82 537,5 8,62033E-08 8,49167E-08 1,28667E-09 1,492595027 
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83 542,5 8,279E-08 8,155E-08 1,24E-09 1,497765431 

84 547,5 9,50733E-08 9,40733E-08 1E-09 1,051819648 

85 552,5 8,66133E-08 8,482E-08 1,79333E-09 2,070504926 

86 557,5 8,22833E-08 8,00167E-08 2,26667E-09 2,754709338 

87 562,5 8,434E-08 8,22967E-08 2,04333E-09 2,422733381 

88 567,5 8,719E-08 8,52367E-08 1,95333E-09 2,240318079 

89 572,5 1,255E-07 0,000000126 -5E-10 -0,398406375 

90 577,5 9,108E-08 8,83567E-08 2,72333E-09 2,990045381 

91 582,5 9,15333E-08 8,89067E-08 2,62667E-09 2,869628551 

92 587,5 8,28133E-08 8,10767E-08 1,73667E-09 2,097085815 

93 592,5 1,012E-07 9,92467E-08 1,95333E-09 1,930171278 

94 597,5 9,374E-08 9,19233E-08 1,81667E-09 1,937984496 

95 602,5 9,54533E-08 9,228E-08 3,17333E-09 3,32448666 

96 607,5 1,258E-07 1,23433E-07 2,36667E-09 1,881293058 

97 612,5 1,038E-07 1,01567E-07 2,23333E-09 2,151573539 

98 622,5 1,52467E-07 1,49667E-07 2,8E-09 1,836466987 

99 627,5 1,397E-07 1,36533E-07 3,16667E-09 2,266762109 

100 632,5 1,25733E-07 1,23133E-07 2,6E-09 2,067868505 

101 637,5 1,163E-07 1,13767E-07 2,53333E-09 2,178274577 

102 642,5 1,183E-07 1,15267E-07 3,03333E-09 2,564102564 

103 647,5 1,07167E-07 1,045E-07 2,66667E-09 2,488335925 

104 652,5 9,36633E-08 9,15E-08 2,16333E-09 2,309690736 

105 657,5 7,73633E-08 7,58867E-08 1,47667E-09 1,908742298 

106 662,5 7,52533E-08 7,367E-08 1,58333E-09 2,104004252 

107 667,5 7,36967E-08 7,169E-08 2,00667E-09 2,722873038 

108 672,5 7,403E-08 7,21133E-08 1,91667E-09 2,589040479 

109 677,5 7,176E-08 7,08867E-08 8,73333E-10 1,217019695 

110 682,5 7,86567E-08 7,69933E-08 1,66333E-09 2,114675594 

111 687,5 7,99433E-08 7,81467E-08 1,79667E-09 2,24742526 

112 692,5 8,80633E-08 8,59967E-08 2,06667E-09 2,346795867 

113 697,5 9,915E-08 9,678E-08 2,37E-09 2,3903177 

114 702,5 1,29167E-07 1,263E-07 2,86667E-09 2,219354839 

115 720 1,44167E-07 1,41133E-07 3,03333E-09 2,104046243 

116 770 1,51633E-07 0,000000148 3,63333E-09 2,396131018 

117 827,5 1,27233E-07 0,000000123 4,23333E-09 3,32722033 

118 882,5 1,50867E-07 1,44967E-07 5,9E-09 3,910737958 

119 937,5 1,88433E-07 1,78867E-07 9,56667E-09 5,076950292 

120 1097,5 1,12733E-07 1,069E-07 5,83333E-09 5,174452986 

121 1147,5 1,06333E-07 1,0023E-07 6,10333E-09 5,739811912 

122 1212,5 1,18833E-07 1,14167E-07 4,66667E-09 3,927068724 

123 1262,5 9,38967E-08 9,21733E-08 1,72333E-09 1,835350918 

124 1309 1,00537E-07 9,54967E-08 5,04E-09 5,013096383 
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125 1367,5 1,20233E-07 1,158E-07 4,43333E-09 3,687274744 

126 1445 1,162E-07 1,127E-07 3,5E-09 3,012048193 

127 1450,5 9,87933E-08 9,36633E-08 5,13E-09 5,192658074 

128 1507,5 7,07567E-08 6,81267E-08 2,63E-09 3,716964244 

129 1532,5 1,935E-07 1,897E-07 3,8E-09 1,963824289 

130 1545 2,383E-07 2,27067E-07 1,12333E-08 4,713946006 

131 1550 1,02867E-07 9,96133E-08 3,25333E-09 3,162670123 

132 1555 1,27867E-07 1,24433E-07 3,43333E-09 2,685088634 

133 1560 1,42167E-07 1,38167E-07 4E-09 2,813599062 

134 1565 1,28767E-07 1,265E-07 2,26667E-09 1,76028993 

135 1570 1,15467E-07 1,12633E-07 2,83333E-09 2,453810624 

136 1575 1,355E-07 1,32567E-07 2,93333E-09 2,164821648 

137 1580 1,10267E-07 1,07567E-07 2,7E-09 2,448609432 

138 1585 1,00267E-07 9,92433E-08 1,02333E-09 1,020611702 

139 1590 1,01633E-07 9,87133E-08 2,92E-09 2,873073139 

140 1595 0,000000126 1,22633E-07 3,36667E-09 2,671957672 

141 1600 1,17733E-07 1,14067E-07 3,66667E-09 3,114382786 

142 1605 9,011E-08 8,80367E-08 2,07333E-09 2,300891503 

143 1610 8,76733E-08 8,569E-08 1,98333E-09 2,262185385 

144 1615 1,14833E-07 1,12467E-07 2,36667E-09 2,06095791 

145 1620 9,64367E-08 9,425E-08 2,18667E-09 2,267463966 

146 1625 9,409E-08 9,214E-08 1,95E-09 2,072483792 

147 1630 8,43033E-08 8,22533E-08 2,05E-09 2,431695069 

148 1635 7,69533E-08 7,481E-08 2,14333E-09 2,785237806 

149 1640 7,90933E-08 7,73233E-08 1,77E-09 2,237862441 

150 1645 6,699E-08 6,52333E-08 1,75667E-09 2,622281933 

151 1650 7,59133E-08 7,437E-08 1,54333E-09 2,033020111 

152 1655 7,449E-08 7,26267E-08 1,86333E-09 2,501454334 

153 1660 9,15967E-08 8,971E-08 1,88667E-09 2,059754722 

154 1665 9,58567E-08 9,358E-08 2,27667E-09 2,375073895 

155 1670 7,46867E-08 7,29667E-08 1,72E-09 2,302954566 

156 1675 8,422E-08 8,297E-08 1,25E-09 1,484208027 

157 1680 7,635E-08 7,43833E-08 1,96667E-09 2,5758568 

158 1685 8,84267E-08 8,613E-08 2,29667E-09 2,59725573 

159 1690 8,36767E-08 8,14767E-08 2,2E-09 2,629167829 

160 1695 8,01867E-08 7,80033E-08 2,18333E-09 2,722813435 

161 1700 6,25067E-08 6,09533E-08 1,55333E-09 2,485068259 

162 1705 1,041E-07 1,01667E-07 2,43333E-09 2,337495997 

163 1710 1,225E-07 1,195E-07 3E-09 2,448979592 

164 1715 1,27667E-07 1,24767E-07 2,9E-09 2,27154047 

165 1720 1,349E-07 1,321E-07 2,8E-09 2,075611564 

166 1725 1,399E-07 1,36767E-07 3,13333E-09 2,23969502 
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167 1730 1,376E-07 1,34067E-07 3,53333E-09 2,567829457 

168 1735 1,39867E-07 1,36067E-07 3,8E-09 2,716873213 

169 1740 1,30933E-07 1,28167E-07 2,76667E-09 2,113034623 

170 1750 1,17033E-07 1,13233E-07 3,8E-09 3,246938194 

171 1820 1,13E-07 1,09467E-07 3,5E-09 3,098259073 

172 1900 9,481E-08 9,23233E-08 2,48667E-09 2,622789439 

173 1997,5 1,100E-07 1,07E-07 3,36667E-09 3,060606061 
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Appendix 2. Stratigraphic description 
Profile Unit / 

depth 
description comment Samples Sediment 

properties 

POR-A 0-75 
cm 

light grey, loose sand; roots 
visible down to 50 cm 

 
OSL, U-
Pb, sed 

Sand 

75-
110 
cm 

dark grey, brownish sands, 
slightly consolidated  

 

110-
135 
cm 

dark brown, pedogenically 
overprinted sands; 
crotovinas abundant 

 

135-
210 
cm 

fine sand mixed with silt, 
light brown in the top 
turning yellowish in the 
bottom; crotovinas 
abundant in the bottom of 
the unit 

sharp reddish-brownish 
band at 206/207 cm;  

fine sand mixed 
with silt 

210-
220 
cm 

reddish clayey band, slightly 
laminated 

alternating wavy red clay 
and silt bands 

Loess (alternating 
silt and red clay 
bands) 

220-
230 
cm 

yellowish, silty band 

230-
243 
cm 

red clay band 

243-
245 
cm 

silt band 

245-
255 
cm 

red clay band with vertical 
cracks 

POR-B 0-15 
cm 

dark reddish cemented 
sands with pebbles; 0 
corresponds to bottom of 
profile POR-A (255 cm) 

OSL, U-
Pb, sed, 
14C 

15-20 
cm 

decalcified whitish fine 
sands/loess 

20-30 
cm 

reddish, decalcified sands, 
very hard, breaking in 
blocks 

30-60 
cm 

dark reddish cemented 
sands with layers of 
pebbles, erosional layer? 

60-
125 
cm 

faintly laminated light 
brown loess; pebble band 
around 100 cm 

 
laminated loess 

125-
128 
cm 

wavy decalcification 
boundary, marked by dark 
band 

dark band formed 
through repricipitation? 
Tephra candidate?! 
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128-
310 

laminated, calcareous 
loess, lighter compared to 
above decalcification 
boundary 

 
laminated 
calcareous loess 

310-
315 

layer of pebbles in reddish 
loess 

signs of reworking: gravel 
bands, little boulders in 
the bottom of the profile  

loess mixed with 
gravel 
layers/lenses 315-

340 
loess with isolated pebble 
lenses 

340-
345 

pebble band in reddish 
loess 

345-
355 

loess with sporadic gravels 

355-
365 

gravelly soil band 

365-
380 

loess, with sporadic gravels 
and small boulders 

POR-C 0-30 gravelly unit with little 
boulder, 

corresponds to bottom of 
gravelly unit in the 
bottom of profile B (10-20 
cm overlap with the 
profile B) 

OSL, U-
Pb, sed 

loess mixed with 
gravels 

30-74 beige loess 
 

loess 

74-85 loess with 2 distinct gravel 
bands  

 
loess with gravel 
bands 

POR-
UH 

0-423 Upper heads 0 corresponds to bottom 
of POR-C 

OSL, U-
Pb 

head 

423-
540 

Sands with gravel lenses soliflucted sands? sand 

540-
700 

layered sands blown sands? 

700-
725 

"massive" sands beach sands? 

POR-
UB 

0-100 upper beach 0 corresponds to bottom 
of POR-UH 

OSL, U-
Pb 

beach 

POR-
LL 

0-50 Sands mixed with gravel, 
increasing silt content 
towards bottom of unit 

0 corresponds to bottom 
of POR-UB 

OSL, U-
Pb 

gravel/sands 

50-80 alternating red clay and silt 
bands, black freckles 

 
loess with 
alternating clay 
and silt bands 

80-
120 

patchy structure (whitish 
silty vs. red clayey patches), 
black freckles 

 
loess (partly 
laminated) 

120-
187 

laminated loess with 
sporadic, distinct red clay 
bands, black freckles 

 

187-
220 

light brownish loam/loess 
(no lamination), rocks in the 
bottom of the profile 

rocks are likely the top of 
the lower head 

loess/loam 
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POR-
LH  

0-230 lower heads 0 corresponds to bottom 
of POR-UB 

OSL, U-
PB 

head (relatively 
little gravel 
content, rather in 
isloated bands) 

Stratigraphic description written by Yunus Baykal and provided by Thomas Stevens.  
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