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Abstract 

 

Investigating the Magnetic Susceptibility of Cornish Loess as a Tool for Understanding 

the Palaeoclimate of SW England 

Love Tingdal 

 
Loess is a silty material produced via glacial grinding and its deposition is usually associated with colder 

periods when there is a considerable increase in atmospheric dust transport. The magnetic susceptibility 

of loess-palaeosol sequences has been the subject of extensive research within palaeoclimatology as it 

has proven to be reliable climate proxy. Most research on magnetic susceptibility has been focused on 

thick deposits found in Europe and Asia, in particular the Chinese Loess Plateau where it is possible to 

discern more than 2.5 million years of climate variation in deposits several hundred meters thick.  

    The climate development throughout the Quaternary has been characterized by glacials where there 

has been a significant ice growth, and interglacials where ice sheets have retreated. The Last Glacial 

Maximum was the most recent time of ice sheets reaching their maximum extent, occurring at some 

point between 26.5 and 18 ka BP. Aeolian reworking of material produced in conjunction with the Irish 

Sea Ice Stream (ISIS) occurred approximately 5000 years after the LGM. The ISIS limit were located 

just north of the Lizard Peninsula, and impinged on the Isles of Scilly. 

    Loess deposits in SW England has largely been ignored in previous research in favour of the 

previously mentioned Chinese loess, but may be important climate archives in understanding the climate 

development of the North Atlantic. As such, the scope of this thesis is investigating the magnetic 

susceptibility of loess deposits in Cornwall and the Isles of Scilly in the far SW England. This is done 

by analyzing 36 samples from Lowland Point and 24 samples from Chynhalls Point, both located at the 

Lizard Peninsula in Cornwall, as well as 20 samples from Porthcressa and 14 samples from Gimble 

Porth, both located at the Isles of Scilly. The instruments used for analysis are the Bartington MS2B and 

the Agico MFK-1 FA Kappabridge, where all 96 samples were analyzed on the former while the 36 

Lowland Points samples and the 20 Porthcressa samples were also analyzed on the latter. The Bartington 

MS2B operates at two frequencies, 465 Hz and 4650 Hz, while the Agico MFK-1 FA Kappabridge 

operates at three frequencies, 976 hz, 3904 Hz, and 15616 Hz. 

    The results from this study suggest that the Lizard Peninsula sample sites exhibit signs of magnetic 

enhancement through pedogenic processes while the sample sites at the Isles of Scilly consist of mainly 

unaltered material, likely due to an overlying sollifluction unit inhibiting magnetic enhancement. As a 

consequence of the different frequencies, the results were lognormalized to permit a direct comparison 

between the instruments. While the variability in magnetic susceptibility was strikingly similar, the 

results of the Kappabridge were shifted to ~20% higher values than those of the Bartington which may 

be attributed to the Kappabridges higher precision when analyzing weakly magnetic material. A similar 

shift is not evident when measuring the calibration samples of each instrument. 

    In determining the mean annual precipitation after deposition, the Lizard Peninsula samples sites 

suggest an exposure to an annual precipitation between 300-400 mm/yr, compared to modern rainfall 

between 900-1000 mm/yr. The data from the Isles of Scilly were insufficient for calculating the mean 

annual precipitation due to the lack of evidence for magnetic enhancement.  
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Populärvetenskaplig sammanfattning 

 

Undersökning av den magnetiska susceptibiliteten i loess från Cornwall som ett verktyg till att 

förstå paleoklimatet i sydvästra England 

Love Tingdal 

 

Loess är benämningen för material i siltstorlek som produceras då glacial aktivitet maler ned den 

underliggande berggrunden. Detta material är tillräckligt litet för att fångas upp av vindar och därefter 

transporteras i atmosfären, för att därefter avsättas då vindhastigheten minskar. Under kalla perioder i 

jordens historia ökar denna transport då vindhastigheten ofta varit högre än under varma perioder. Under 

de varmare perioderna och med tiden så utsätts loess för jordmånsbildande processer och bildar 

palaeosoler. Den magnetiska susceptibiliteten hos loess-palaeosol-sekvenser har under flera årtionden 

varit ämnet för utbredd forskning då detta har visat sig vara en tillförlitlig klimatproxy för att förstå 

klimatutvecklingen under jordens gångna historia. I synnerhet har loess-palaeosol-sekvenser i Kina varit 

av intresse då det går att utröna mer än 2,5 miljoner år av klimatutveckling i avlagringar som på sina 

platser är flera hundra meter tjocka.  

    Under den senaste istidens maximala utbredning mellan 26500 och 18000 år sedan passerade en 

isström över den Irländska sjön (Irish Sea Ice Stream, sammankopplad med inlandsisen), förbi 

Cornwalls norra kust och stötte samman med Scillyöarna. Det tog sedan ungefär 5000 år tills 

vindtransport av avsatt material påbörjades.  

    Loessavlagringar i sydvästra England har känts till under årtionden men har till stor del ignorerats till 

fördel för de tidigare nämnda avlagringarna i Kina, men de kan agera som viktiga klimatarkiv för tiden 

efter den senaste istiden och därmed klimatutvecklingen i Nordatlanten. Denna rapport undersöker 

således den magnetiska susceptibiliteten i loess från två platser på Lizard-halvön i Cornwall, och två 

platser på Scillyöarna. Totalt analyserades 96 prover, 36 av dem från Lowland Point, 24 av dem från 

Chynhalls Point, båda belägna på Lizard-halvön, samt 20 prover från Porthcressa och 14 prover från 

Gimble Porth, båda belägna på Scillyöarna.  

    Resultaten från denna studie påvisar att provplatserna på Lizard-halvön visar tecken på magnetisk 

förstärkning på grund av jordmånsbildande processer, medan provplatserna på Scillyöarna 

huvudsakligen består av oförändrat material, troligen på grund av att dessa täckts av annat material 

under isens tillbakadragning, vilket förhindrat jordmånsbildning. 

    Resultaten från Lizard-halvön möjliggör beräkning av årsmedelnederbörden sedan materialet först 

avsattes, vilket beräknades till mellan 300-400 mm/år jämfört med modern årsmedelnederbörd mellan 

900-1000 mm/år. Dessvärre möjliggjorde inte resultaten från provplatserna på Scillyöarna en liknande 

beräkning.  

 

Nyckelord: loess, paleoklimat, Lizard-halvön, Scillyöarna, historisk årsmedelnederbörd, magnetisk 

susceptibilitet 
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1. Introduction 

Magnetic susceptibility has been widely used in Quaternary research and is an important aspect when 

examining terrestrial deposits, such as loess. The purpose of this thesis is to attempt a climate 

reconstruction of the British Isles based on Cornish loess, i.e. loess from the Isles of Scilly and the 

Lizard Peninsula. This includes analyses of the magnetic signal throughout the sample sections as well 

as calculation of the palaeoprecipitation, if applicable. Material from these areas have only been the 

subject of few and concise detailed studies, which makes this more in-depth analysis especially 

interesting as very little information has been extracted from the quite thin loess deposits of the 

Southwestern British Isles.  

 

1.1 Late Quaternary climate development 

The climate development throughout the Quaternary has been characterized by glacials, colder periods 

where the global ice volume increases along with a reduction in sea level, and interglacials, warmer 

periods where the sea level increases due to a reduction of the global ice volume. The Last Glacial 

Maximum (LGM) is a term to describe the most recent time that ice sheets and glaciers reached the 

maximum extent. The exact timing of the LGM is debated but the suggestion that it lasted between 26.5 

to 18 ka (kiloannum; thousands of years ago) (CLIMAP 1976; COHMAP 1988; Clark et al. 2009; 

Hughes et al. 2013). Regardless of the exact timing, the LGM was succeeded by a retreat of the ice 

sheets and a higher sea level. An article by Clark et al. (2009) suggest that it was caused by an increased 

summer insolation in the northern hemisphere leading to an increased melting of the ice sheets, 

restricting the possibility to regain the mass lost during the summer by mass gained during the winter. 

Shortly after the end of the LGM, at ~17ka, there was a considerable surface cooling in the Northern 

Atlantic due to a Heinrich Event, where enormous amounts of ice broke away from the Hudson Strait 

area leading to an influx of meltwater to the ocean and weakening the heat transport in the Atlantic 

thermohaline circulation (Broecker 1994; Hemming 2004; Su et al. 2016). This was followed by a rapid 

surface warming during the first stages of the Bølling–Allerød warming period at about 14.5ka (Su et 

al. 2016), after which the climate gradually cooled until the Younger Dryas event at ~13ka, the latest 

significant climate change which was a c.1200 year return to glacial conditions (Mayewski & Bender 

1995). The Younger Dryas was then abruptly terminated and was followed by a significant temperature 

increase leading in to the earliest stage of the Holocene. This abrupt termination, as suggested by Alley 

et al. (1993) through Greenland ice core analysis, occurred in as short as three years after which the 

accumulation of snow increase twofold over a period of 40 years – which would suggest a temperature 

increase of ~7°C to account for the increase in Preboreal precipitation. 

    The colder periods, i.e. prior to the Bølling–Allerød warming as well as throughout the Younger 

Dryas, corresponds to a significant increase in dust transport due to proposed changes to the polar cell 
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(Mayewski & Bender 1995). After the Younger Dryas and throughout the Holocene the climate has 

progressively cooled while being relatively mild and stable, with a few notable colder and warmer 

periods (Mayewski & Bender 1995). As stated in Bradley (2015), there has been a ~2.5°C cooling since 

~8 ka, as derived from Greenland ice cores where dense ice layers from the early Holocene suggest 

higher summer temperatures, increasing the snow melt which then refreeze during the winter. These 

dense ice layers then become few and far between as the Holocene progresses, eventually making a 

return during the last few decades where the cooling trend has turned into a warming trend.  

 

1.2 Location background 

The Lizard Peninsula is the most southwestern part of the British Isles and has stood against erosion 

due to the dominating igneous and metamorphic rocks of the Palaeozoic Lizard Complex (Ealey & 

James 2011).  

 

 
Figure 1. Map of the Lizard Peninsula and the Isles of Scilly with inset of the UK. Screengrabbed from Google 

Maps and edited in GIMP.  

 

    Loess deposits on the peninsula were identified in the 1950’s but have, in terms of detailed research, 

been largely ignored in favour of the much thicker loess deposits in other parts of the world, such as 

Asia and other parts of Europe (Catt & Staines 1982). A mineralogical study done by Coombe et al. 

(1956) determined that the Lizard loess was weathered from Hercynian granites in periglacial 

conditions, but Catt & Staines (1982) claim that Devensian outwash may also have contributed to these 
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deposits. This makes the Lizard Peninsula loess especially interesting when reconstructing SW England 

climate, due to the proximity to the Irish Sea Ice Stream (ISIS) during the LGM, as the ice stream likely 

terminated just off the northern coast of the peninsula, stretching past the peninsula to the Isles of Scilly 

to the southwest (Scourse et al. 1990; Scourse 1991; Smedley et al. 2017). According to Smedley et al. 

(2017), there has been a consensus of the ice limit reaching the Isles of Scilly (see figure 2) ever since 

the first erratic material was identified by A. Smith in 1858, but the estimated timing of this 

impingement varies. Glasser et al. (2018) proposes a receding ISIS by 26.7 ka, while Chiverrell et al. 

(2013) suggests the maximum extent occurring at the Isles of Scilly at 24.0-23.3 ka. Smedley et al. 

(2017) connects the maximum extent and the ISIS retreat to the Greenland Interstadial 2 at ~23 ka, 

stating that there would have been an approximate 5000 year delay between primary deposition of the 

Hell Bay Gravel on the northern Scillies, and its eventual aeolian reworking, based on luminescence 

dating. None of these authors mention any signs of ice-land contact at the Lizard Peninsula, however.  

    The delay between deposition and aeolian reworking is quite important as Ealey & James (2008) 

support Catt & Staines (1982) in their statement that the Lizard Loess Formation encountered 

throughout Cornwall on the Lizard Peninsula is believed to be the product of Devensian (115-11 ka) 

outwash into the Irish and the Celtic Sea. This implies that these deposits could act as a high-resolution 

climate archive covering the (very) late Pleistocene to Holocene. Additionally, the extent and thickness 

of the Lizard loess deposits have been severely underestimated in prior research, with the possibility of 

even greater loess thicknesses in the past (Ealey & James 2011).  

 
Figure 2. Map overview from Smedley et al. (2017) of Irish Sea Ice Stream limit at its maximum extent. The 

solid line shows the ice limit as proposed by Scourse et al. (1990) while the dashed line is the suggested limit as 

per Praeg et al. (2015). Impingement on the Isles of Scilly regardless of the two proposed limits. 
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1.3 Loess background 

Loess is a silty material deposited by aeolian processes visible in nature as sedimentary strata, mostly 

massive and unconsolidated. Loess deposits are quite poorly sorted and the average particle size of loess 

is silt-sized, but this can still suggest substantial variability as it ranges from fine (8-16 μm) to coarse 

(31-64 μm). The mean particle size of loess deposits also vary based on the distance to the source, as 

the coarser particles are deposited earlier than the finer particles (Muhs 2013). The thickness of loess 

bodies can be anywhere between a few centimeters up to hundreds of meters, where the thicker loess 

deposits are commonly found in low-lying and protected areas or on upland divides, while the thinnest 

deposits can be found draped on top of hills (Muhs 2013). Loess is widely distributed across all 

continents, bar Antarctica, and has been the subject of research for over 150 years in Europe, although 

Asia and more specifically China has been subject to most loess studies (Muhs 2013). This is because 

the thickest and most widespread loess deposits are found on the Chinese Loess Plateau (CLP), covering 

large parts of northern China where the stratigraphy consist of loess layers interspersed with palaeosol 

layers. These sequences are considered one of the best terrestrial climate archives of the Quaternary. 

The northwestern part of the CLP has accumulated loess for over 2.5 million years (Ma) which may be 

the thickest loess deposit on Earth (Muhs 2013). The deposition of loess is generally associated with 

colder and drier periods where there is an increase in aeolian activity and a decrease in weathering, 

while the palaeosol layers are the result of loess that have undergone pedogenesis in warmer and more 

humid climates, via continued wetting and drying (Heller et al. 1991).  

 

1.4 Magnetic susceptibility background 

Magnetic susceptibility (MS) is the property most commonly measured in loess material, in part due to 

it being an inexpensive and rapid method of extracting quite a lot of information, not to mention it being 

highly reproducible (Muhs 2013). It is often used as a method of correlating different sections to each 

other but has also proven a valuable parameter in correlating modern soil MS to climate parameters 

such as precipitation. Through these analyses it is possible to determine past precipitation and therefore 

get an idea of the palaeoclimate in a region (Maher et al. 1994), although additional properties needs to 

be analysed for a better accuracy in palaeoclimate reconstructions, such as grain size and accumulation 

rate, to just name a few (Muhs 2013). 

    The term itself describes a materials response to an externally induced magnetic field, as the magnetic 

susceptibility is the ratio between magnetization in the material to the applied magnetic field strength, 

i.e. k = M/H (Magnetic susceptibility | physics 2006). It has through extensive research on loess and 

clay from the Chinese Loess Plateau (CLP) become a reliable climate proxy (Maher & Thompson 

1991), as the dust deposition on the CLP is closely related to global ice volume and global climate 

(Schaetzl et al. 2018). The change in MS is due to the reduction of iron oxides in the loess, where more 

reduced forms lead to a higher MS after continuous wetting and drying (Maher & Thompson 1991). 
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The low-field MS is mainly controlled through the concentration of magnetite (Fe3O4), formed during 

periods with a higher soil wetness, and maghemite (Fe2O3, -Fe2O3), formed as the product of oxidizing 

magnetite during drier periods (Maher 1998). Other iron oxides and oxyhydroxides are volumetrically 

more important, so neither magnetite or maghemite can be considered individually based on the MS 

signal (Balsam et al. 2011). Overall, the MS is determined mainly by the amount of ferrimagnetic 

minerals present in a sample, which includes the minerals magnetite and maghemite, but part of the MS 

signal is caused by paramagnetic and diamagnetic minerals. The paramagnetics include clay minerals 

such as chlorite, smectite and illite, but also ferromagnesian silicates and iron sulphides. The 

diamagnetics include calcite and quartz, both plentiful in soils, which usually only have a small and 

negative influence on the MS of a sample, minor in comparison to the large response by the ferri- and 

even paramagnetics (Balsam et al. 2011). 

    Due to the small influence of the diamagnetics, Hrouda (2011) suggests that, unless the analysis 

entails material such as limestones, marbles, or quartzites, the diamagnetic fraction can be neglected in 

its entirety. Superparamagnetism describes the magnetic properties of ultrafine ferrimagnetic particles, 

resulting mainly from post-depositional weathering processes (Heller et al. 1991). This suggests that 

one can expect a higher amount of superparamagnetic grains in developed palaeosols, when compared 

to unweathered loess. The superparamagnetic behaviour depends on the observational time scale, 

meaning that the superparamagnetism may be exhibited at one frequency but not the other 

(EarthRef.org -- Essentials of Paleomagnetism: Third Web Edition).  

    These different magnetic properties are divided according to the grain size distribution, according to 

Baumgart et al. (2013), while referring to Maher (1986, 1988), into superparamagnetic (SP, < ~0.03 

μm), single domain and pseudo-single domain (SD, PSD, ~0.03-10 μm), and multi domain (MD, > ~10 

μm). The superparamagnetics exhibit up to 3 times the MS compared to the single domain particles, but 

these can be blocked at higher frequencies and by then behave as single domain particles leading to a 

lower signal of both MS and FD (Heller et al. 1991; Baumgart et al. 2013). 

    In contrast to this weathering driven enhancement of MS in Chinese palaeosols, the opposite patterns 

can be identified in Alaskan, Argentinian, and Siberian palaeosols, as the enhanced MS is found in the 

least pedogenically developed horizons of the deposits. Named the ‘wind-vigour model’, first 

developed by Begét et al. (1990) based on Alaskan loess, stronger winds during glacial times supply 

the deposits with loess, in these cases being a relatively high magnetically susceptible material, after 

which cold climate or water-logged soil forming conditions deplete the material of its magnetic content. 

This causes a peak of MS in the loess material while the palaeosols exhibit the lowest MS. A thorough 

analysis of the magnetic carriers and their mineralogy, source of origin as well as their links to climate 

need to be performed to account for these reversed relationships of MS development (Maher 1998). 

Further mineralogical analysis may also reveal whether the soil in question is well-drained or 

waterlogged, as the magnetic properties of the former can be attributed to iron oxides, while the latter 

will be dominated by iron sulphides (Stanjek et al. 1994; Maher 1998). Greigite is an example of an 
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iron sulphide that is formed in situ due to it being too chemically unstable in transport, making it a sign 

of gleying (Stanjek et al. 1994). Gleying is the potential result of waterlogged soil, which reduces the 

magnetic signal, and in some cases the magnetic signal can be almost eliminated entirely. If this process 

coincides with the wind-vigour model, only the wind-vigour signal would remain (Evans 2001). 

Unaltered loess usually exhibit MS values between 6.72E-08 to 2.02E-07 m3/kg (Költringer et al. n.d.). 

    To summarize, while many loess regions exhibit a clear relationship of enhanced MS with 

weathering, i.e. pedogenesis, in some colder climate areas other mechanisms of magnetic enhancement 

and depletion apply. This requires testing on Cornish loess as the mechanisms of the alteration of the 

primary MS signal by weathering processes (including pedogenesis) on this loess have never been 

tested.  

 

1.5 Frequency dependence 

The frequency dependence of the magnetic susceptibility is used to determine the contribution of the 

superparamagnetic fraction to the total magnetic susceptibility, as well as the grain size and domain 

state of the magnetic minerals. Since the superparamagnetism may only be expressed at one frequency, 

this parameter needs (at least) dual frequency measurements to be calculated. The equation, as per 

Hrouda (2011), for determining the FD of a sample is: 

XFD = 100*(Xlf-Xhf)/Xlf  (1) 

where Xlf and Xhf are the susceptibilities at low and high frequency, respectively. The FD is expressed 

in per cent and is simply describing the percentage content of superparamagnetic grains within the 

magnetic fraction of a sample. 

    As the Bartington MS2B is operated at 465 & 4650 Hz while the Kappabridge is operated at 976, 

3904 & 15616 Hz, the MS and by extension FD change depending on the instrument setting. Therefore, 

a straight FD comparison between instruments should not be done, but instead a second frequency 

dependence parameter has been introduced by Hrouda (2011), the XFB parameter. This is determined 

using the equation:  

XFB = (ln(10)/ln(fmHF)-ln(fmLF))*XFD (2) 

where fmHF and fmLF represent the high and low frequency, respectively, while XFD is the corresponding 

frequency dependence. For the Bartington, the XFB-value equals the XFD-value, while three XFB-values 

can be calculated based on the Kappabridge data. These are denoted as XFB(1,4), XFB(4,16), XFB(1,16) where 

1, 4, 16 represents the frequencies 976 Hz, 3904 Hz, 15616 Hz, respectively. The Xfb parameter 

normalizes the Kappabridge data to Bartington frequencies which allows a direct comparison between 

the two instruments. Three corresponding XFD-values necessary for XFB calculation were determined 

according to equation 1. 
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1.6 True loess line 

Originally developed by Forster et al. (1994), and expanded on by Zeeden et al. (2016) the true loess 

line shows the correlation line when plotting XΔ (= Xlf – Xhf) vs Xlf. The value where this linear fit 

intersects the y-axis determines the background susceptibility of unweathered loess. If the variables 

correlate and if the data fall on the trend line proposed by Zeeden et al. (2016) as representative of true 

pedogenetic enhancement of the MS signal, the implication is that the bulk susceptibility is primarily 

controlled by the pedogenic fraction, suggesting that pedogenesis is the dominant process in changing 

MS. The same cannot be stated with lower correlation values, or where data points stray away from the 

‘true loess line’, which complicates interpretation in terms of dominating processes. However, the plot 

can be used to investigate which other controls on magnetic signal may be operating at a site. As 

determined by Forster et al. (1994), the average background susceptibility value of Central Asian and 

Chinese Loess is 1.5-1.9E-07 m3/kg, while the work done by Hambach et al. found in Schaetzl et al. 

(2018), determined that the average background susceptibility value of Romanian loess was ~1.6E-07 

m3/kg. A third background susceptibility, 1.021E-07 m3/kg, is given by Zeeden et al. (2016), also on 

Romanian loess. All three values are based on loess-palaeosol sequences with prominent magnetic 

enhancement through climatically controlled pedogenesis. 

    By determining the background susceptibility, it is possible to correlate this with other research in 

order to make out the source of material, under the assumption that there is a positive linear relationship 

with high correlation between FD and Xlf. It is also useful in attempting to recreate palaeoprecipitation 

within the area, which requires a positive linear relationship between the two variables with good 

correlation. This palaeoprecipitation reconstruction is done by applying a model developed by Maher 

et al. (1994), where the annual precipitation can be calculated via:  

Rainfall (mm/yr) = 222 + 199 * log10 (Xb – Xc) (3) 

where Xb is the peak MS of the section divided by the minimum MS of the section, while Xc is the 

background susceptibility procured by the true loess lines. The resulting value is one unique value per 

location. According to Balsam et al. (2011), 1.8E-08 m3/kg is the lowest pedogenic MS value for low 

rainfall, in other words the value above which pedogenic ferrimagnets may begin forming.  

 

1.7 Aim and hypothesis 

The aim of this thesis is to draw conclusions regarding the conditions during which the material was 

deposited in and subsequently affected by. This is done by determining and extracting the magnetic 

susceptibility of the material from these sample locations, and utilizing this data in accordance with the 

above subsections. The hypothesis is that the sample locations were subject to periglacial conditions 

and that they contain sufficient information to be able to estimate the climatic development and 

variation since its deposition. As an extension this information will be used to calculate the historic 

mean annual rainfall at these sites.  
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2. Methods 

A total of 94 samples were analysed throughout the course of this thesis. The samples were gathered 

from four locations by T. Stevens during a field trip in July 2019, two of which (Lowland Point, 

Chynhalls Point) were located on the Lizard Peninsula (figure 3) while the other two (Porthcressa, 

Gimble Porth) were sampled on the Isles of Scilly (figure 4). 

    The sample sites on the Lizard Peninsula are located at 50°02.205`N, 005°04.141`W (Lowland Point, 

base of section 2m a.s.l at high tide) and 50°00.940`N, 005°05.480`W (Chynhalls Point, base of section 

3m a.s.l at high tide). The sample sites on the Isles of Scilly are located at 49°54.749`N, 006°18.684`W 

(Porthcressa, base of section 2m a.s.l) and 49°57.761`N, 006°20.239`W (Gimble Porth, base of section 

1m a.s.l at high tide).  

 
Figure 3. Sample locations at the Lizard Peninsula. Screengrabbed from Google Maps and edited in GIMP. 

 

 
Figure 4. Sample locations at the Isles of Scilly. Screengrabbed from Google Maps and edited in GIMP. 
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    All samples were taken in 5cm depth increments and named LP/CP/PC/GP followed by the depth 

range from which they were sampled, for example LP0-5, a sample from Lowland Point at a depth 

between 0 to 5cm. Lowland Point produced 36 samples due to a depth of 180cm, Chynhalls Point 

produced 24 samples due to a depth of 125cm (no sample from the topmost 5cm), Porthcressa produced 

20 samples from a 97cm section, and Gimble Porth produced 14 samples due to a depth of 70cm. All 

samples were placed in beakers and dried in ca 50°C over the course of ~24 hours and then prepared 

by breaking up larger aggregates of sediment with a pestle and mortar. The material was transferred to 

a 2mm sieve, removing any foreign rock particles along with easily distinguishable organic material, 

after which the loose material was transferred to 10ml cylinders. Each cylinder was weighed both while 

empty and filled, where the former was subtracted from the total weight to get the actual sample weight.  

    This same procedure was applied to the Lowland Point & Porthcressa samples when they were 

transferred to the 23mm cubes suitable for Kappabridge analysis. 

    Any data analysis was done in Microsoft Excel while the plotting was done in MatLab. The location 

sketches were done based on field note sketches in the image manipulation software GIMP. 

 

2.1 Stratigraphy of sections 

The stratigraphy of each section is based on field observations, boundaries in illustrations are often 

simplified. See appendix 1 for photographs of the sections.  

 

0-5 cm → humic, silty root layer 

5-30 cm → lighter, silty sediment with gravel clasts becoming finer and less 

frequent with depth. Soil aggregates in the top half. 

30-45 cm → silty, loessic, even lighter in colour, very few fine gravel clasts, 

porous and pinhole structure, occasional roots.  

45-110 cm → darker orange patches in an otherwise light silty loess, still porous 

and pinhole structure, no gravel clasts, few old rootlets.  

110-155 cm → sandier silt with weak banding, occasional dark and black spots.  

155-180 cm → darker and finer silt with a hard to distinguish boundary, darker at 

base, still darker spots, still loess structure but with large boulders and stones from 

c.165 cm. 

 

Figure 5. Stratigraphy of the Lowland Point section. 
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0-5 cm → humic root layer, erosional contact below 

5 to 55-65 cm → silty, open porous pinhole structure, gradual darkening, clay 

rich, few fine clasts. 

55-65 to c.80 cm → darker, more clay, still loess structure, iron stain at lower 

boundary. 

80-c.90 cm → lighter unit, dark infilled root traces in upper part, constrained by 

upper and lower iron bands, iron spots within, very irregular lower boundary. 

c.90-110 cm → light sandy loess but lacking loess structure, contains coarse sand 

fragments, orange band at base. 

110-125 cm → contains some very weathered serpentinite clasts, grades into at 

stony colluvium at c.120 cm, silt exists only between clasts. 

 

 

Figure 6. Stratigraphy of the Chynhalls Point section.  

 

 

0-10 cm → light silty material, frequent light gravel, very irregular boundary, 

overlain by breccia. 

10-25 cm → yellow sandy loess, few fine gravel clasts, getting fewer to base, 

weak dark bands and spots, orange stain.  

25-40 cm → similar to overlying layer (10-25 cm) but no gravel clasts, notable 

sub horizontal dark bands, lots of dark patches 

40-67 cm → darker loess, massive structure, fine dark spots, lighter sandy bands 

in bottom 10cm. 

67-70 cm → light gravel clasts appear, grading into more frequent and larger 

below, otherwise very limited exposure.  

 

 

Figure 7. Stratigraphy of the Gimble Porth section. 
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0-20 cm → darkest at top grading to lighter, silt dominated with sporadic gravel 

and slight orange hue, some clay, abundant dark infilled channels.  

20 to 40-45 cm → light yellow sandy silt, some darker sub horizontal bands, 

occasional dark infilled channels, mostly homogeneous but some banding, very 

sandy loess.  

40-45 to 52-60 cm → darker, very clay rich silt, irregular boundary, porous with 

abundant darker spots, some orange colour with potential iron spots 

52-60 to 74 cm → lighter and very sandy silt, some weak orange streaks, and few 

black spots otherwise homogeneous.  

74-97 cm → darker clay rich silt, more orange, some gravel at c.92 cm and below, 

much less sand compared to overlying layer.  

 

Figure 8. Stratigraphy of the Porthcressa section.  

 

2.3 Bartington MS2B 

The Bartington MS2B Dual Frequency Sensor is extensively used in environmental magnetism 

research, operating at 465 Hz and 4650 Hz. The MS2B analysis was done at the Department of Earth 

Sciences, Uppsala University. 

    While using the Bartington, the samples were measured at least three times to account for any 

instrument drift, with a background measurement after each sample measurement. The samples were 

measured using both the low (465 Hz) and the high (4650 Hz) frequency setting of the Bartington. An 

empty cylinder was also measured at the start of each set of samples to account for the susceptibility of 

the sample containers. The ‘true’ susceptibility value was then calculated by subtracting the cylinder 

susceptibility along with half of the corresponding air measurement from the sample measurement 

(Bartington Instruments, n.d.). As background measurements and empty measurements were (mostly) 

negative, the corrected susceptibility ended up higher than the measured sample susceptibility. 

    The samples were measured with the more sensitive 0.1x range setting, with a few notable exceptions 

where the 1.0x setting was necessary.  

 

2.4 Agico MFK-1 FA Kappabridge 

The Agico MFK-1 FA Kappabridge is a three-frequency lab instrument operating at 976 Hz, 3904 Hz, 

and 15616 Hz. Research in environmental magnetism is increasingly utilizing the MFK-1 FA in part 

due to its notable sensitivity and precision (Hrouda & Pokorný 2011; Hrouda et al. 2013). This analysis 

was also done at the Department of Earth Sciences, Uppsala University. 

    The Lowland Point samples and the Porthcressa samples were chosen for Kappabridge analysis. In 

preparation the samples had to be transferred from the 10ml cylinders into 23mm cubes after which a 



12 

 

new sample weight was obtained. Much like during the Bartington analysis, the Kappabridge was set 

to measure each sample three times per frequency. The samples were measured using all three 

frequencies of the Kappabridge, F1 (976 Hz), F2 (3904 Hz), and F3 (15616 Hz), all at a field intensity 

of 200 Am-1. During the analysis, the sample weight was mistakenly not accounted for, the 

measurements were instead based on the sample volume. This was corrected after analysis by 

determining the density of each sample, based on the corresponding sample mass divided by the 23mm 

cube volume, and multiplying this with the measured KVol-values.  

 

2.5 Calculating magnetic susceptibility & frequency dependence 

For the Bartington, the calculation of MS was done in two steps. The first step was calculating the 

average of the three (up to five for a few samples) measurements to get one representative Kmean-value 

per frequency for each sample. This Kmean-value was then used to determine the corresponding X-value 

according to the equation: 

X = Kmean*10/m (4) 

m being the corresponding sample weight. With Xlf and Xhf calculated, the FD was determined by using 

equation 1.   

 

    For the Kappabridge, the calculation was a bit more complicated due to the instrument measuring 

based on sample volume. To transform the data from volume based to mass based, a few steps were 

necessary to go through. First, the mean KVol-value for each sample was determined, for the three 

different frequencies. Then the sample density (ρ) was determined to calculate each corresponding X-

value, according to the equation: 

X = ρ * MeanKVol (5) 

resulting in one X-value per sample and frequency. These were denoted as XF1, XF2, and XF3, based 

on the frequency used. 

    Following Hrouda (2011), three frequency dependence parameters were calculated due to the 

Kappabridge utilizing three different frequencies, namely FD(1,4), FD(4,16), and FD(1,16). These FD 

parameters were used to determine XFB(1,4), XFB(4,16), and XFB(1,16) – denoted according to corresponding 

frequencies used, 1 (976 Hz), 4 (3904 Hz), and 16 (15616 Hz). These are the lognormalized frequency 

dependence parameters, according to equation 2.  
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3. Results 

The samples LP5-10, CP115-120, CP120-125 all had anomalously high MS values compared to other 

samples from the corresponding sample locations, on both the Bartington and the Kappabridge. These 

were deemed clear outliers and were therefore excluded from data analysis and plotting as well as 

further discussion due to potential contaminants having made it past the 2mm sieve. 

    As evident in figure 9, the Xlf vs XΔ data from the Bartington show that the MS of Porthcressa and 

Gimble Porth exhibit a much smaller range in values when compared to Lowland Point and Chynhalls 

Point. This is also evident in figure 10 when comparing the MS range in the Kappabridge data. The R2-

values of the Bartington data is 0.872 (Lowland Point), 0.0308 (Porthcressa), 0.00651 (Gimble Porth), 

and 0.942 (Chynhalls Point). The R2-values of the Kappabridge data is 0.906 (Lowland Point) and 

0.0979 (Porthcressa).  

 

 
Figure 9. Plot of all Bartington Xlf data vs XΔ data showing the MS range of each location. 
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Figure 10. Plot of all Kappabridge XF1 data vs XΔ data showing the MS range of each location. 
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3.1 Instrument comparison  

Both locations show a strikingly similar MS pattern between instruments. The Kappabridge MS values 

are roughly 20% higher than those of the Bartington throughout the entire sections. Despite the higher 

MS values on the Kappabridge, most corresponding FD values are in fact lower than those calculated 

from the Bartington, especially at Porthcressa. The Lowland Point results in figure 11 show one of the 

Bartington MS values diverging from the pattern at ca 20cm depth, instead overlapping on the 

Kappabridge data lines, no such occurrences are seen at Porthcressa (figure 12). The frequency 

dependence of the two instruments exhibit similar trends, i.e. a decrease with depth, but the Bartington 

FD parameter shows a rather erratic behaviour compared to the Xfb(1,4), Xfb(4,16), and the Xfb(1,16) 

parameters.  

 

 
Figure 11. Sketch of the Lowland Point section embedded between Bartington & Kappabridge MS and FD plot. 

Sample LP5-10 excluded. 
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Figure 12. Sketch of the Porthcressa section embedded between Bartington & Kappabridge MS and FD plot. 

 

3.2 Lowland Point  

The result of the Bartington analysis on the samples from Lowland Point (figure 13) show a quite low 

variability of MS at depths below 40cm as the range of values are between ~0.75E-07 and ~1.2E-07 

m3/kg, but the top 40 cm shows a rapid increase in the MS, up to ~3E-07 m3/kg in the surface layer. 

The underlying layer still exhibits quite a high MS, relatively speaking, which also corresponds with 

the peak in frequency dependence at close to 7%, close to a depth of 30cm. The frequency dependence 

below 40cm has a larger variability compared to the variability of MS, in particular between 100-110 

cm where there is a quite insignificant MS change while the FD jumps from 2% to 4%.  

    In terms of Kappabridge results (figure 16), it shows a remarkably similar trend in the MS, except 

for the slight disconnect compared to the Bartington results at around 20 cm. The FD results from the 

Kappabridge show much less erratic behaviour, while maintaining higher values in the topmost part of 

the section and lower values in most samples below 45cm. 

    The true loess line plots (figures 14 & 17) both show a positive linear trend with quite high R2-

values, although the resulting background susceptibilities are quite different as the Bartington data 

yields a value of 4.335E-08 m3/kg while the Kappabridge data yields a value of 7.133E-08 m3/kg. 

Although the data set shows a quite good correlation, most data points are concentrated at lower values, 

with only a few data points in the top soils exhibiting the higher values. 

    When fitting a linear trend line to the Lowland Point FD vs Xlf/XF1 data, the Bartington results 

(figure 15) show a positive trend with an R2-value of 0.206, while the Kappabridge results (figure 18) 

show a positive trend with an R2-value of 0.458, both enabling application of the Maher et al. (1994) 

palaeoprecipitation model.  
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Figure 13. Sketch of the Lowland Point section embedded between Bartington MS and FD plots. Sample LP5-

10 excluded.  

 
Figure 14. ‘True loess line’ of Lowland Point Bartington data. Sample LP5-10 excluded. Xlf is based on 465 Hz, 

XΔ (= Xlf – Xhf). 
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Figure 15. Lowland Point frequency dependence vs Xlf plot based on Bartington data, testing eligibility of 

application of the Maher et al (1994) palaeoprecipitation model. Xlf is based on 465 Hz. 

 
Figure 16. Sketch of the Lowland Point section embedded between Kappabridge MS and FD plots. FD based on 

976 Hz and 15616 Hz. Sample LP5-10 excluded. 
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Figure 17. ‘True loess line’ of Lowland Point Kappabridge data. Sample LP5-10 excluded. XF1 is based on 976 

Hz, XΔ (= Xlf – Xhf). 

 

 
Figure 18. Lowland Point frequency dependence vs XF1 plot based on Kappabridge data, testing eligibility of 

application of the Maher et al (1994) palaeoprecipitation model. XF1 is based on 976 Hz. 
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3.3 Chynhalls Point 

Chynhalls Point exhibits quite a clear correlation between the MS and FD (figure 19), with the exception 

for the slight curve of the MS and the straight drop in FD below 70 cm. The minimum MS, ~0.75E-07 

m3/kg, is evident at a depth of about 90 cm while the maximum MS, ~4.5E-07 m3/kg, is found at a depth 

of ca 55 cm. This peak MS coincides with the peak FD at 9%. 

    The true loess line plot (figure 20) shows a positive linear trend with a high R2-value of 0.942 and a 

background susceptibility of 7.257E-08 m3/kg. 

    When fitting a linear trend line to the Chynhalls Point FD vs Xlf data (figure 21), it shows a positive 

trend with an R2-value of 0.535, enabling application of the Maher et al. (1994) palaeoprecipitation 

model.  

 
Figure 19. Sketch of the Chynhalls Point section embedded between Bartington MS and FD plots. Samples 

CP115-120 & CP120-125 excluded. 
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Figure 20. ‘True loess line’ of Chynhalls Point data. Samples CP115-120 & CP120-125 excluded. Xlf is based on 

465 Hz, XΔ (= Xlf – Xhf). 

 

 
Figure 21. Chynhalls Point frequency dependence vs Xlf plot testing eligibility of application of the Maher et al 

(1994) palaeoprecipitation model. Xlf is based on 465 Hz. 
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3.4 Gimble Porth 

The Gimble Porth results (figure 22) show a quite high variability at low MS values. The lowest MS 

value of ~4.5E-08 m3/kg is found in the top sample while the maximum MS value of ~8E-08 m3/kg is 

found at a depth of 15 cm. The largest variability occurs in the top 40 cm while the bottom 30 cm of 

the section exhibits a less variable MS. The MS and FD have an opposite relationship in that the increase 

of susceptibility corresponds with a decrease in FD, and vice versa. The maximum FD is found in the 

topmost sample, at ca 5%, corresponding with the minimum MS value, while the lowest FD value is 

found in the bottom sample, with a value of just below 2.5%. 

    The true loess line plot (figure 23) shows a very weak negative linear trend with a low R2-value of 

0.00651, effectively suggesting no correlation at all, with a background susceptibility of 7.46E-08 

m3/kg. 

    When fitting a linear trend line to the Gimble Porth FD vs Xlf data (figure 24), it shows a negative 

trend with an R2-value of 0.675, not permitting application of the Maher et al. (1994) 

palaeoprecipitation model.  

 

 
Figure 22. Sketch of the Gimble Porth section embedded between Bartington MS and FD plots. 
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Figure 23. ‘True loess line’ of Gimble Porth data. Xlf is based on 465 Hz, XΔ (= Xlf – Xhf). 

 

 
Figure 24. Gimble Porth frequency dependence vs Xlf plot testing eligibility of application of the Maher et al 

(1994) palaeoprecipitation model. Xlf is based on 465 Hz. 
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3.5 Porthcressa  

The Bartington MS at Porthcressa (figure 25) exhibits a high variability at low MS values. The top half 

shows the highest variability as the lowest value, ~6E-08 m3/kg, is found at a depth of 30cm while the 

highest value, ~9E-08 m3/kg, is found at a depth of 50cm, while the bottom half exhibits a lower 

variability where the MS fluctuates between ~7.5E-08 and ~8.5E-08 m3/kg. 

    The Kappabridge analysis (figure 28) shows very similar results in terms of variability, only at 

slightly higher MS. The FD also shows a similar pattern between the instruments where the 

Kappabridge exhibits lower erratic behaviour than the Bartington. The FD values are quite similar, near 

7% in the top sample and 3% in the bottom sample. 

    The true loess line plots (figs. 26 & 29) both exhibit positive linear trends with background 

susceptibilities of 7.478E-08 m3/kg as per the Bartington data and 9.139E-08 m3/kg from the 

Kappabridge data, both with very low R2-values, 0.0308 and 0.0979, suggesting very little to no 

correlation. 

    When fitting a linear trend line to the Porthcressa FD vs Xlf/XF1 data, the Bartington results (figure 

27) shows a negative trend with an R2-value of 0.0466, while the Kappabridge results (figure 30) show 

a slight positive trend with an R2-value of 0.00239, neither of them permitting application of the Maher 

et al. (1994) palaeoprecipitation model despite the slight positive trend in figure 26.  

 

 
Figure 25. Sketch of the Porthcressa section embedded between Bartington MS and FD plots. 
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Figure 26. ‘True loess line’ of Porthcressa Bartington data. Xlf is based on 465 Hz, XΔ (= Xlf – Xhf).  

 

 
Figure 27. Porthcressa frequency dependence vs Xlf plot based on Bartington data, testing eligibility of application 

of the Maher et al (1994) palaeoprecipitation model. Xlf is based on 465 Hz. 

 



26 

 

 
Figure 28. Sketch of the Porthcressa section embedded between Kappabridge MS and FD plots. FD based on 976 

Hz and 15616 Hz. 

 

 
Figure 29. ‘True loess line’ of Porthcressa Kappabridge data. XF1 is based on 976 Hz, XΔ (= Xlf – Xhf). 
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Figure 30. Porthcressa frequency dependence vs XF1 plot based on Kappabridge data, testing eligibility of 

application of the Maher et al (1994) palaeoprecipitation model. XF1 is based on 976 Hz. 

 

  



28 

 

3.6 Palaeoprecipitation model results 

The palaeoprecipitation was calculated using equation (3), in conjunction with the results of the FD vs 

Xlf linear trend lines. The model was only applicable to Lowland Point and Chynhalls Point on the 

Lizard Peninsula, neither sample location on the Isles of Scilly met the required positive linear trend 

for the model.  

    The calculated palaeoprecipitation of Lowland Point is ~331 mm/yr based on a max Xlf value of 

2.62469E-07, min Xlf value of 7.43172E-08 and the background susceptibility from the Bartington 

measurements of 4.335E-08 m3/kg. Using the background susceptibility of 7.133E-08 given by the 

Kappabridge analysis results in the same amount of mean annual precipitation. 

    At Chynhalls Point, the values used were the max value of 4.61859E-07, the min value of 7.43719E-

08, and the background susceptibility of 7.257E-08 m3/kg. This resulted in a mean annual precipitation 

of ~380 mm/yr.  
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4. Discussion 

4.1 Comparing the magnetic susceptibility signal between instruments 

The Kappabridge analysis resulted in very similar trends when compared to the Bartington results, only 

slightly shifted to higher values – see figure 11 & figure 12. The bottom sample at Lowland Point has 

a susceptibility of ~1E-08 m3/kg at both Bartington frequencies, while the same sample has a 

susceptibility of ~1.2E-08 m3/kg at all three Kappabridge frequencies. At Portchressa, the bottom 

sample shows a susceptibility of ~8E-08 m3/kg based on Bartington measurements, while the 

Kappabridge measurements show a susceptibility closer to ~10E-08 m3/kg. This is an increase of about 

20% on the Kappabridge, a difference that is maintained through the entirety (with an exception for the 

samples near a depth of 20cm at Lowland Point) of both sections. A convenient explanation for this 

shift would be the frequency difference, but if that were to hold true, then the results would show a 

gradual reduction in MS as the frequency increases. At both locations, the MS signal returns are (in a 

decreasing order) the highest at 976 Hz, followed by 3904 Hz, 15616 Hz, 465 Hz and the lowest at 4650 

Hz. If the frequency difference were the explanation then the order would be the highest at 465 Hz, 

followed by 976 Hz, 3904 Hz, 4650 Hz, and the lowest at 15616 Hz, i.e. the results would be shown 

stepwise according to each frequency. This would agree with Heller et al. (1991) as the 

superparamagnetics become blocked at higher frequencies, exhibiting similar behaviour to the single 

domain (larger) particles and therefore contributing less to the magnetic susceptibility signal, resulting 

in lower MS & FD values. Another explanation could be that the Kappabridge has a higher sensitivity 

when doing the measurements as well as there being a reduced risk of human errors due to the automated 

measuring sequence, which would be supported by the lower dispersion of the Kappabridge values. 

    The calibration samples of the Bartington and Kappabridge were tested to establish any difference 

between the instruments, using the same settings as throughout the rest of this thesis. The stated value 

of the Bartington calibration sample is 3101E-05 SI, but when measured on the Kappabridge, at 976 

Hz, the resulting value received was 3055E-05 SI. The Kappabridge calibration sample has a stated 

value of 9107E-05 SI while the returned value from measuring it on the Bartington, at 465 Hz, was 

8431E-05 SI. As the Kappabridge calibration sample is anisotropic, the signal varies depending on the 

orientation of the sample – a 90° rotation of the sample returned 2234E-05 SI instead (I. Snowball, 

personal communication, June 2020). Evidently, these signals do not show the same shift to higher 

values (20% increase) as the signals of the Lowland Point and Porthcressa samples. 

    In regards to the frequency dependence, as this parameter is not only affected by the 

superparamagnetics but also by the paramagnetic content, the blocking of superparamagnetics at higher 

frequencies would strengthen the paramagnetic signal and could therefore explain the quite significantly 

lower values of the Xfb parameters. This effect seems to be stronger on the samples from Porthcressa as 

the Xfb parameters are often significantly lower than that of the FD parameter given by the Bartington. 

Adding to this, the Bartington FD is often more variable than the Kappabridge FD, which could be 
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attributed to the lower sensitivity of the former. The Bartington FD parameter is more than two, in some 

cases up to five, times higher than the corresponding Xfb value. This could suggest that prior loess 

research would benefit by revisiting locations and remeasuring them with the more sensitive 

Kappabridge as the results could turn out quite different. The normalized frequency dependence 

parameters yield accurate results when comparing instruments. 

 

4.2 Lowland Point  

As the top 5cm is a humic layer exhibiting the largest pedogenic development of the section, it is 

reasonable that this corresponds to the highest MS. Field observations determined that gravel clasts 

between 5-30 cm became finer with depth, which would in conjunction with the FD also suggest that 

the silty sediment becomes finer close to the bottom layer boundary at 30cm, compared to the top 

boundary at 5cm. This is under the assumption that the gravel clasts have been exposed to the same 

processes as the silty matrix. Seen in figure 13, the insignificant MS change in conjunction with the FD 

varying between 2-4% between 100-110 cm could suggest that while there is a varying amount of 

superparamagnetics, the content of paramagnetics (clay minerals – chlorite, illite, smectite etc) 

compensate for the FD variations while maintaining the low variability in the MS signal (Hrouda 2011). 

Another explanation for the erratic Bartington FD of the section is that when the material has a very 

low susceptibility, the resulting FD can have quite large uncertainties, limiting the use of the FD as a 

way of determining the superparamagnetic content (Költringer et al. n.d.). 

    The Kappabridge analysis in figure 16 exhibit the same pattern as the Bartington analysis on both 

MS and FD, but with less erratic behaviour, in particular when examining the FD. As the Kappabridge 

has a very high sensitivity, where variations of FD as low as 1% are still well reproducible even in 

material exhibiting weak magnetic properties (Hrouda & Pokorný 2011), it suggests that the 

Kappabridge FD shows the more precise FD values. The FD of the Kappabridge analysis shows a rather 

uniform value of 7-7.5% at all three frequencies at a depth of ~25cm, which coincides with the quite 

rapid increase in MS, although this peak FD is not found in the sample with the peak MS. 

    Both the Bartington and the Kappabridge analysis of Lowland Point samples show that all samples 

from LP25-30 and below exhibit typical values of unaltered loess, regardless of frequency. The higher 

values of MS and FD at depths above 30 cm, along with the results from the true loess line plot 

exhibiting R2-values of 0.872 (figure 14) and 0.906 (figure 17) suggesting a high correlation between 

XΔ and Xlf/XF1, determines that the material in the top 30 cm have been magnetically enhanced through 

pedogenic processes. The FD vs Xlf/XF1 plots (figures 15 & 18) both fulfil the required positive linear 

relationship required for application of the Maher et al. (1994) palaeoprecipitation model, although the 

R2-values are quite different at 0.206 and 0.458. 

    An archaeological study at Lowland Point by Dowson (1968) found pottery fragments, limpet shells 

as well as some flint tools at a depth of about 30cm, which would suggest that the material has been 
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disturbed by human activity. Several other pottery fragments and tools were found at another site 

nearby. Furthermore, the top 40 cm show an increased Ca, Sr, and Mg content, suggesting potential 

liming due to human activity (T. Stevens & J. Gossip, personal communication, June 2020). These 

findings complicate interpreting the natural climate variability. 

 

4.3 Chynhalls Point 

Chynhalls Point shows a striking difference in the MS signal with depth as there is a rapid change at a 

depth of about 60cm, where the higher MS is found in the top half of the section. The overall trend 

shown in figure 19 exhibits quite clear correlation between MS and FD, suggesting that the increase in 

MS coincides with an increase of superparamagnetic content. The highest MS signal of ~4.5E-07 m3/kg 

corresponds with a FD value of about 9%. 

    Both Bartington frequencies show that the samples corresponding to values of unaltered loess are 

between depths 67.5cm to 112.5, i.e. between samples CP65-70 to CP110-115. All other samples 

suggest altered material with values above the upper limit of unaltered loess, 2.02E-07 m3/kg 

(Költringer et al. n.d.). This suggests that the area has been subject to pedogenic development. 

This is further supported by the true loess line plot (figure 20) with an R2-value of 0.942. The large 

difference in MS between 50 cm and 70 cm could suggest a rapid and significant change in 

climatological conditions, from a cold and dry environment to a warmer and more humid environment, 

enabling the pedogenic processes in the section. The potential erosional contact, observed during field 

work, between the bottom of the humic top layer and the top of the silty and clay rich layer below could 

suggest that the thickness of the deposit was greater in the past. This would suggest an information gap 

in the section, as more recent climate data would be missing. 

    Calculating the palaeoprecipitation is viable as figure 21 shows a positive linear trend with an R2-

value of 0.535, suggesting that ~50% of the data is correlated.  

 

4.4 Gimble Porth 

The Gimble Porth results (figure 22) shows a quite erratic behaviour in MS. It is, however, important 

to keep in mind that the Gimble Porth MS variability may be quite similar to the Lowland Point 

variability at depths below 30 cm, where the MS indicates unaltered loess. The values on the x-axis in 

the Lowland Point plot are expressed in 10-7 while the values at Gimble Porth are expressed in 10-8. 

Furthermore, the variability of the Lowland Point MS is influenced by the topmost samples up to four 

times as susceptible. The MS is at its minimum in the topmost sample, with a MS of ~4.5E-08 but 

quickly reaches a maximum (~8E-08) only 15 cm deeper. The largest variability occurs in the top 40 

cm, while the bottom part of the section exhibits a lower variability likely due to the massive structure 

of the dark loess. The opposite relationship between MS and FD is quite interesting. In general, 

increasing FD with decreasing MS is the effect from strong weathering of primary multi domain and 
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single domain grains (van Velzen & Dekkers 1999; Baumgart et al. 2013). Although the multi domain 

and single domain grains may be heavily weathered, the superparamagnetics are not as affected. 

Furthermore, according to Maher (1998), accumulation of iron oxides and conversion to ferrimagnetic 

minerals is unlikely to occur in soil horizons subject to loss of iron and/or mobilization. Eventually, this 

would lead to a destruction of the magnetic particles (Baumgart et al. 2013). However, as the material 

is very weakly magnetically susceptible throughout the section and exhibits very little evidence in terms 

of weathering, these FD results may be misleading. 

    At 465 Hz most samples, except GP0-5, GP5-10, GP25-30, GP60-65, exhibit MS values typical for 

unaltered loess (6.72E-08 to 2.02E-07 m3/kg) (Költringer et al. n.d.), while the data from 4650 Hz also 

exclude samples GP30-35, GP45-50, and GP55-60 from within those limits. In fact, all of the samples 

not within the limits of unaltered loess have lower MS values than the 6.72E-08 m3/kg set as the lower 

limit. This could suggest some degree of magnetic depletion throughout this section. 

    The negative linear relationship in the true loess line plot (figure 23) contradict the classic pedogenic 

model and could indicate an influence by other processes, such as the wind-vigour model. For example, 

the soil could have been subject to magnetic depletion whilst being supplied with new and relatively 

high MS material. On the other hand, this is only speculation and would require further analysis to 

determine with certainty. Since the R2-value of the true loess line plot is very low at 0.00651, 

committing to the wind-vigour model purely based on evidence contradicting pedogenic processes 

could be ill-advised. There is also a possibility that the deposition rate at Gimble Porth was too fast for 

any magnetic enhancement to ever be initiated, but considering a number of samples have lower MS 

values than the lower limit of unaltered loess there may still have been some magnetic depletion, under 

the assumption that this area was affected by waterlogging. 

    The Gimble Porth FD vs Xlf plot (figure 24) shows that the Maher et al. (1994) model is unsuitable, 

due to the negative linear trend with an R2 of 0.675.  

 

4.5 Porthcressa  

The Porthcressa results (figure 25) exhibit quite a similar pattern to the Gimble Porth results, with some 

exceptions. The topmost 30 cm show a quite similar trend in MS and FD as both decrease with depth. 

Below this, they seem to decouple and display an increase in MS while the FD keeps decreasing. For 

example, while the MS in the top sample is ~8.3-8.9E-08 m3/kg and then returns to a similar ~7.7-8E-

08 m3/kg in the bottom sample, the FD has almost been halved in the bottom sample (from 6.7% to 

3.4%). This could suggest that, similar to Lowland Point, there is an interplay between the 

paramagnetics and superparamagnetics where the FD is highly influenced, but the MS shows only small 

changes. According to field observations, the layer between 40-45 to 52-60 cm is very clay rich and has 

a darker colour when compared to the other layers, this is also where the peak MS is found. The 

Bartington analysis of Porthcressa samples show that only PC25-30 and PC30-35 exhibit values lower 
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than typical unaltered loess MS (Költringer et al. n.d.), at both frequencies, where both are below the 

lower limit. The Kappabridge analysis on the other hand, show that all samples exhibit typical values 

of unaltered loess, regardless of frequency. 

    The results of the Kappabridge (figure 28) is, much like the Kappabridge results from Lowland Point, 

strikingly similar to the Bartington results. Even more so on the Porthcressa samples as there is merely 

a shift to higher MS values on the Kappabridge. The overall trend of the FD is equivalent to that of the 

Bartington, with less variation, though since the Kappabridge FD values are considerably lower, in 

particular Xfb(4,16) which is based on the higher frequencies, it could suggest that there’s a high amount 

of blocked superparamagnetic grains exhibiting single domain behaviour. In terms of the true loess line 

plots of Porthcressa, while they show a positive linear correlation, the R2-values are low (0.0308 on 

Bartington data, see figure 26, and 0.0979 on Kappabridge data, see figure 29) which makes the 

predictability of magnetic properties difficult. Similar to Gimble Porth, these results contradict the 

classic pedogenic model. Most likely, Porthcressa has been subject to mostly the same processes as 

Gimble Porth in that the accumulation of material may have been too rapid for any magnetic 

enhancement to occur. However, going by the more accurate Kappabridge measurements, Porthcressa 

does not exhibit any values outside the range of unaltered loess which would not suggest a similar 

degree of magnetic depletion as that of Gimble Porth. Despite the horizon between 40-45 to 52-60 cm 

being very clay rich, it does not seem to be pedogenically developed. 

    Figures 27 & 30 show that the Porthcressa data is unsuitable in determining the palaeoprecipitation. 

The Bartington data in figure 27 shows a weak negative trend with a low R2-value of 0.0466, a very 

low correlation also visible as the data points are just a cloud of data. The Kappabridge data in figure 

30, on the other hand, show a slight positive trend in the data but can hardly be considered suitable for 

calculating rainfall as the R2-value is much lower than that of the Bartington, at just 0.00239.  

 

4.6 Dominating processes influencing magnetic susceptibility  

All samples, regardless of instrument and frequency, exhibit MS values greater than the minimum 

(1.8E-08 m3/kg) suggested by Balsam et al. (2011), where pedogenic ferromagnetic development may 

begin. This minimum value is presumably based on a worldwide data analysis, although this is not 

explicitly stated. This extends to whether this value is applicable on Cornish loess as all MS values in 

this report exceed this minimum value while not necessarily exhibiting any signs of pedogenesis. 

    When determining the true loess lines for each location, interesting results arise. On the Lizard 

Peninsula, where both Lowland Point and Chynhalls Point is located, the background susceptibility of 

unweathered loess is between 4.335E-08 to 7.257E-08 m3/kg, based on the Bartington data (figures 14 

& 20). Purely based on this, it could suggest that the two locations have separate sources of material. 

On the other hand, the Kappabridge results from the Lowland Point (figure 17) analysis points towards 

a background susceptibility of 7.133E-08 m3/kg, much closer to the 7.257E-08 m3/kg at Chynhalls 



34 

 

Point, instead suggesting that they could have the same source. The two sites are not on the same type 

of bedrock however, so if the signal is influenced by local conditions there may be a difference in 

material source. Considering their relatively high R2-values of 0.906 and 0.942, compared to the 0.872 

of the Lowland Bartington data, it could still indicate that the same source of material is plausible. These 

results also point towards a climatically controlled magnetic enhancement of the deposited material 

(Zeeden et al. 2016). 

    While the true loess lines of the Isles of Scilly samples (figures 23, 26 & 29) show similar values 

(~7E-08 m3/kg according to Bartington data, ~9.1E-08 m3/kg according to Kappabridge data) of 

background susceptibility, the R2-values are indicating little to no predictability in the magnetic 

properties of the sediment. Regardless, the background susceptibility values seem to end up lower than 

those determined by Zeeden et al. (2016) (Semlac loess, 1.021E-07 m3/kg), by Hambach et al in 

Schaetzl et al. (2018) (Semlac loess, ~1.6E-07 m3/kg) and by Forster et al. (1994) (Central Asian and 

Chinese loess, ~1.5-1.9E-07 m3/kg). This could indicate that the lowest MS values of these sections can 

be considered as a baseline as there is no evidence supporting magnetic enhancement. If the potential 

magnetic depletion at Gimble Porth were to hold true, it could provide evidence towards periglacial 

conditions as gleyification, and therefore magnetic depletion, is one of the processes controlled by those 

conditions (Baumgart et al. 2013). However, all sample sites seem to have the same source of material, 

despite the higher background susceptibility of ~9.1E-08 m3/kg given by the Kappabridge analysis of 

the Porthcressa samples. To summarize, the results from the sample locations at the Lizard Peninsula 

seem to suggest pedogenic development while the results from the Isles of Scilly seem to reflect mostly 

unaltered loess but with a suspected magnetic depletion at Gimble Porth.  

 

4.7 Attempting to reconstruct palaeoclimate 

The MS exhibited throughout the sections show similar variability in the potentially unaltered material, 

i.e. below 40 cm at Lowland Point, most of the Gimble Porth and Porthcressa sections, and below 60 

cm at Chynhalls Point. The actual MS values show slight differences between the Lizard Peninsula and 

the Isles of Scilly. Only Lowland Point and Chynhalls Point exhibit MS values suggesting magnetic 

enhancement in the horizons overlying the low MS samples with similar variability between all four 

sample sites. The Isles of Scilly sample sites are thinner than the Lizard Peninsula sample sites, and if 

the similarities in MS variability indicate similar timing of deposition, the thinner Isles of Scilly sites 

could have been affected by remobilization of the top material, leaving only the unaltered material. The 

sollifluction unit overlying the Isles of Scilly sites may also have inhibited any weathering and magnetic 

enhancement despite the warming climate after the LGM and throughout the Holocene. As there are no 

similar sollifluction units overlying the Lizard Peninsula sites, this would permit the magnetic 

enhancement found in the MS signal. Assuming that the Scilly deposits were initially formed during 

the LGM, and through pure speculation, the remobilization in the form of solliflucted material covering 



35 

 

the sites may have occurred soon after the initial formation, but that the Lizard Peninsula sample sites 

were unaffected by these sollifluction processes unlike the sample sites at the Isles of Scilly. The 

sollifluction unit may also have been deposited closer to the initial deposition of the loess units below, 

in that case connected to the retreat of the ISIS after the LGM. In any case it may have inhibited 

magnetic enhancement at the Isles of Scilly. 

    The results from plotting Xlf vs FD and applying a linear correlation gave only two promising answers 

out of four. Both Lowland Point and Chynhalls Point on the Lizard Peninsula show a positive linear 

trend with R2-values of 0.295 and 0.5347, respectively. That implies that the data from both of these 

locations could potentially be used for the Maher et al. (1994) model of determining 

palaeoprecipitation. The other two sample sites, Porthcressa and Gimble Porth on the Isles of Scilly, 

show negative linear correlation with R2-values of 0.0466 and 0.6747, respectively. While the R2-value 

of the data from Gimble Porth is relatively high, the palaeoprecipitation model should not be applied 

due to the negative linear correlation. In using the procured data from MS analysis and determination 

of the background susceptibility, the palaeoprecipitation of Lowland Point was determined to be ~331 

mm/yr, while the conditions of Chynhalls Point was determined to be ~380 mm/yr. These could be 

reasonable amounts in a modern periglacial environment, especially when considering that the modern 

mean annual precipitation of Greenland is 340 mm (Ohmura & Reeh 1991). Modern annual rainfall at 

the Isles of Scilly and the Lizard Peninsula is 850-900 mm and 900-1000 mm, respectively (Met Office: 

South West England Climate 2007). It should be stated however that modern precipitation in periglacial 

areas is not necessarily a direct analogue to the palaeoconditions of SW England. While an annual 

precipitation of 330 and 380 mm is far drier than the modern conditions, these values may still not 

accurately reflect the cold and dry (or wetter, but any precipitation as snow) environment the material 

at these sites were deposited in. 

    Attempting to analyze the magnetite content would be interesting as Maher (1998) states that 

magnetite formation is limited to soils subject to an annual precipitation between 350-2000 mm, which, 

if the results of this study hold true, could indicate that Lowland Point contains less neoformed 

magnetite when compared to Chynhall’s Point. The report by Balsam et al. (2011) states that pedogenic 

activity related to increasing precipitation may be limited to 200 to 1000-1200 mm/yr, in which case 

the Lowland Point samples would fall within these limits. However, as the precipitation model by 

Maher et al. (1994) is based on data from modern Chinese loess and soils under the assumption that 

they have reached a mature state, e.g. a steady magnetic state, it would be wise to be suspicious about 

the palaeprecipitation values of the Lizard Peninsula. Applying a model based on faraway samples must 

be done with a critical eye as the conditions that the model is applied to may be very different from 

those conditions being the foundation of the model itself, not to mention the fact that Lowland Point 

and Chynhalls Point are only separated by a few kilometers. This proximity alone would suggest that 

the calculated annual precipitation end up closer to each other than 330 and 380 mm/yr. However, 
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stating a range of 300-400 mm/yr rather than the exact values may yet represent an accurate overview 

of the conditions.  

5. Conclusion 

The results of this study would support the previously proposed periglacial conditions at the Lizard 

Peninsula, both in terms of the proposed proximity to the ISIS during the LGM as well as comparing 

the palaeoprecipitation results to the modern conditions at Greenland, if the Greenland conditions can 

be used as an analog. The archaeological findings at Lowland Point suggest that the top 30-40 cm have 

been subject to prehistoric human activity which in turn could suggest that the magnetic susceptibility 

values may be misleading in the sense that they do not represent the natural climate development. It is 

however difficult to establish a conclusion based on these results in regard to the conditions at the Isles 

of Scilly as the results presented in this report oppose the classic pedogenic model and exhibits some 

signs of potential magnetic depletion. Yet, due to the proximity to the Lizard Peninsula it would stand 

to reason that the Isles of Scilly would have been subject to similar conditions, especially as they were 

even closer to the ISIS and covered by solliflucted material. Assessing the modern regional conditions 

in a similar fashion to Maher et al (1994) (i.e. a least squares regression climofunction based on modern 

mean precipitation and magnetic susceptibility of modern soils) to construct a new palaeoprecipitation 

model would prove useful for future climate reconstructions. Further research on these locations would 

be beneficial to get a more complete picture of the climatic development since deposition, such as 

mineralogical analyses which can determine whether the material contains mainly iron oxides or iron 

sulfides and therefore determine if the stratigraphy has been well-drained or waterlogged. Furthermore, 

grain size analysis can potentially determine the direction to the source of material, and dating the 

samples would also be an important aspect for further research to be able to accurately portray the time 

of deposition, as they were not necessarily deposited near the LGM but could be related to the Younger 

Dryas. While both sample locations at the Lizard Peninsula show a certain degree of in situ formation 

of magnetic minerals, neither sample location at the Isles of Scilly show any clear evidence of pedogenic 

processes. Anhysteretic and isothermal remanent magnetisation of the Isles of Scilly samples could help 

in determining the domain states of the material which could provide evidence for, or against, the 

apparent magnetic depletion. 
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Appendix 1: Section photos 

 

 
Figure A1-1. Lowland Point 
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Figure A1-2. Chynhalls Point 
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Figure A1-3. Porthcressa 
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Figure A1-4. Gimble Porth 
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Appendix 2: Bartington data 

 
Table A2-1. Lowland Point data 

Sample 
Depth 

(cm) 
Weight (g) 

Mean Xlf 

(10-8) 
SD 

Mean Xhf 

(10-8) 
SD FD% 

LP 0-5 2,5 13,44 30,65476 0,19686 29,389881 0,0372 4,12621 

LP 5-10 7,5 14,42 115,3144 0,41367 113,59223 0,09174 1,49343 

LP 10-15 12,5 15,55 24,5552 0,34382 23,097535 0,01856 5,93627 

LP 15-20 17,5 15,15 23,21232 0,30665 22,079208 0,11433 4,88152 

LP 20-25 22,5 17,31 26,24687 0,03335 24,889274 0,03335 5,17241 

LP 25-30 27,5 18,11 14,16345 0,02761 13,197129 0,02761 6,82261 

LP 30-35 32,5 17,99 13,33148 0,01605 12,571799 0,11232 5,6984 

LP 35-40 37,5 18,47 10,89154 0,32297 10,314023 0 5,3024 

LP 40-45 42,5 18,94 10,42767 0,0792 9,9436818 0,08065 4,64135 

LP 45-50 47,5 18,52 10,78114 0,04124 10,277178 0,04124 4,67446 

LP 50-55 52,5 18,96 10,68038 1,3E-15 10,214487 0,0549 4,36214 

LP 55-60 57,5 18,62 11,3677 0,08204 11,018618 0,0155 3,07087 

LP 60-65 62,5 18,28 11,2965 0,02735 10,849745 0,03158 3,9548 

LP 65-70 67,5 18,05 11,08957 0,04231 10,685596 0,17719 3,6428 

LP 70-75 72,5 18,78 10,09052 0,02662 9,6467874 0,08134 4,39754 

LP 75-80 77,5 19,4 10,15464 0,04464 9,8195876 0 3,29949 

LP 80-85 82,5 19,08 10,35989 0,08006 10,027952 0,01513 3,20405 

LP 85-90 87,5 19,27 10,08476 0,02996 9,7042034 0,02595 3,77358 

LP 90-95 92,5 17,55 11,12061 0,18317 10,731244 0,04352 3,50128 

LP 95-100 97,5 18,57 10,48286 0,01555 10,105906 0,03109 3,59589 

LP 100-105 102,5 17,55 10,2208 0,45189 10,037987 0,01645 1,78862 

LP 105-110 107,5 18,28 9,245077 0,09475 8,853027 0,04178 4,24063 

LP 110-115 112,5 18,98 9,466105 0,03042 9,1236389 0,04024 3,61781 

LP 115-120 117,5 19 8,754386 0,01519 8,4035088 0,03039 4,00802 

LP 120-125 122,5 18,2 8,287546 0,01586 8,0128205 0,04196 3,31492 

LP 125-130 127,5 18,52 9,152268 0,027 8,7383009 0,17976 4,52311 

LP 130-135 132,5 18,94 8,958113 0,01524 8,6501232 0,04033 3,43811 

LP 135-140 137,5 19,04 7,431723 0,09097 7,1691176 0,04548 3,53357 

LP 140-145 142,5 18,7 7,941176 0,02674 7,6136364 0,04011 4,12458 

LP 145-150 147,5 19,44 9,966564 0,1303 9,6622085 0,01485 3,05376 

LP 150-155 152,5 19,42 8,968417 0,02973 8,6594576 0,02973 3,44498 

LP 155-160 157,5 18,61 8,722909 0,01551 8,38259 0,04654 3,90144 

LP 160-165 162,5 19,16 9,01618 0,03369 8,7421712 0 3,03907 

LP 165-170 167,5 19,47 9,236432 0,05346 8,9967471 0,03923 2,595 

LP 170-175 172,5 20,3 9,515599 0,01422 9,2775041 0,05688 2,50216 

LP 175-180 

 
177,5 20,43 9,822157 0,02826 9,5855768 0,01413 2,40864 
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Table A2-2. Chynhalls Point data 

Sample Depth (cm) Weight (g) 
Mean Xlf 

(10-8) 
SD 

Mean Xhf 

(10-8) 
SD FD% 

CP 5-10 7,5 15,43 27,40333 0,01871 26,215165 0,0324 4,33583 

CP 10-15 12,5 15,95 25,55381 1,04824 24,258098 1,20784 5,07054 

CP 15-20 17,5 17,35 34,70701 0,05999 32,305476 0 6,91946 

CP 20-25 22,5 16,88 38,33926 0,04525 35,564771 0,16314 7,23667 

CP 25-30 27,5 17,14 40,40257 0,05053 37,281214 4,1E-15 7,72563 

CP 30-35 32,5 17,97 42,775 0,0425 39,426822 0,05565 7,82741 

CP 35-40 37,5 17,46 43,29897 0,0496 39,89118 8,1E-15 7,87037 

CP 40-45 42,5 17,06 44,83197 0,03384 41,041422 0,03384 8,455 

CP 45-50 47,5 17,66 45,81918 0,01635 41,704417 0,05663 8,98043 

CP 50-55 52,5 17,61 46,18588 0,16393 42,239258 0,04337 8,54508 

CP 55-60 57,5 17,02 35,92832 0 32,696827 0,05088 8,99428 

CP 60-65 62,5 17,22 26,99381 0,06706 24,811266 0,16511 8,08534 

CP 65-70 67,5 17,05 18,52639 0,16654 17,028348 0,0448 8,086 

CP 70-75 72,5 17,42 16,53272 0,0287 15,241102 0,0287 7,8125 

CP 75-80 77,5 17,43 11,15892 0,02869 10,413081 0,04969 6,6838 

CP 80-85 82,5 17,49 8,933676 0,18156 8,452449 0,03301 5,38667 

CP 85-90 87,5 18,67 7,828959 0,01546 7,4540261 0,04091 4,78905 

CP 90-95 92,5 19,9 7,437186 0,02513 7,1440536 0,02901 3,94144 

CP 95-100 97,5 19,81 9,231449 0,05597 8,9264681 0,01457 3,30371 

CP 100-105 102,5 19,71 9,352275 0,05281 9,0394047 0,01465 3,34539 

CP 105-110 107,5 18,58 14,25592 0,08331 13,966631 0 2,02926 

CP 110-115 112,5 19,15 13,5074 0,01507 13,263708 0,02611 1,80412 

CP 115-120 117,5 15,85 360,9543 0,51667 359,7266 0,11943 0,34011 

CP 120-125 122,5 16,14 157,1871 0,31895 156,28098 0,47143 0,57647 
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Table A2-3. Porthcressa data 

Sample Depth (cm) Weight (g) 
Mean Xlf 

(10-8) 
SD 

Mean Xhf 

(10-8) 
SD FD% 

PC 0-5 2,5 17,58 8,930603 0,05321 8,3333333 0,04926 6,6879 

PC 5-10 7,5 18,52 7,739381 0,01559 7,2444204 0,0562 6,39535 

PC 10-15 12,5 19,17 7,68562 0,03984 7,2509129 0,02608 5,65611 

PC 15-20 17,5 18,67 8,435994 0,02678 7,9182289 0,04091 6,13757 

PC 20-25 22,5 18,89 7,358391 0,02647 6,9437092 0,01528 5,63549 

PC 25-30 27,5 19,86 6,411547 0,01454 6,0983132 0,09285 4,88547 

PC 30-35 32,5 19,89 6,116977 0,01451 5,7817999 0,06651 5,47945 

PC 35-40 37,5 20,44 7,477169 0,05092 7,1754729 0,02825 4,0349 

PC 40-45 42,5 19,39 8,062575 0,01489 7,7703283 0,02978 3,62473 

PC 45-50 47,5 19,06 9,295208 0,03029 8,9541798 0,06058 3,66886 

PC 50-55 52,5 19,65 8,379983 0,02938 8,1000848 0,0818 3,34008 

PC 55-60 57,5 19,67 8,343925 0,02434 8,100322 0,05291 2,91952 

PC 60-65 62,5 18,26 8,187295 0,02738 7,8952172 0,01581 3,56745 

PC 65-70 67,5 19,6 7,534014 0,01473 7,2512755 0,04357 3,75282 

PC 70-75 72,5 19,33 8,492844 0,01493 8,1479565 0,02587 4,06091 

PC 75-80 77,5 19,82 8,291288 0,02913 7,9801547 0,01456 3,75254 

PC 80-85 82,5 18,72 8,235399 0,0408 7,8058226 0,19429 5,21622 

PC 85-90 87,5 19,07 7,900717 0,03028 7,6123055 0,01514 3,65044 

PC 90-95 92,5 19,07 8,320224 0,01514 8,0405524 0,05458 3,36134 

PC 95-97 96 18,24 8,031798 0,02741 7,7576754 0 3,41297 

 
Table A2-4. Gimble Porth data 

Sample Depth (cm) Weight (g) 
Mean Xlf 

(10-8) 
SD 

Mean Xhf 

(10-8) 
SD FD% 

GP 0-5 2,5 20,05 4,796342 0,0288 4,5469659 0,05191 5,19931 

GP 5-10 7,5 19,72 5,941515 0,03873 5,6964165 0,05278 4,12518 

GP 10-15 12,5 20,83 7,745239 0,01386 7,531205 0,07168 2,76343 

GP 15-20 17,5 20,21 8,37869 0,01428 8,1230414 0,03779 3,05118 

GP 20-25 22,5 21,09 7,278331 0,02371 7,0175439 0,02371 3,58306 

GP 25-30 27,5 20,81 5,301938 0,01387 5,0616691 0,02774 4,53172 

GP 30-35 32,5 20,41 6,834885 0,0245 6,6144047 0,0245 3,22581 

GP 35-40 37,5 19 6,954386 0,06345 6,7368421 0,04558 3,12815 

GP 40-45 42,5 19,41 7,461789 0,02974 7,2299502 0,02974 3,10702 

GP 45-50 47,5 20,02 6,776557 0,01442 6,5184815 0,04326 3,80835 

GP 50-55 52,5 18,95 7,282322 0,02639 7,0184697 0,0457 3,62319 

GP 55-60 57,5 19,84 6,812836 0,01455 6,5692204 0,08101 3,57583 

GP 60-65 62,5 19,67 6,380275 0,05084 6,1853923 0,01468 3,05445 

GP 65-70 67,5 20,57 7,292173 0,02431 7,1220224 0 2,33333 
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Appendix 3: Kappabridge data 

 
Table A3-1. Lowland Point data 

Sample Depth (cm) Weight (g) XF1 XF2 XF3 

LP 0-5 2,5 7,05 4,16E-07 4,04E-07 3,92E-07 

LP 5-10 7,5 7,55 1,35E-06 1,34E-06 1,31E-06 

LP 10-15 12,5 8,23 3,33E-07 3,22E-07 3,11E-07 

LP 15-20 17,5 8,43 3,18E-07 3,06E-07 2,94E-07 

LP 20-25 22,5 8,94 2,57E-07 2,45E-07 2,35E-07 

LP 25-30 27,5 8,82 1,76E-07 1,69E-07 1,62E-07 

LP 30-35 32,5 8,99 1,72E-07 1,66E-07 1,59E-07 

LP 35-40 37,5 9,27 1,36E-07 1,31E-07 1,27E-07 

LP 40-45 42,5 9,26 1,29E-07 1,26E-07 1,22E-07 

LP 45-50 47,5 8,94 1,30E-07 1,27E-07 1,24E-07 

LP 50-55 52,5 9,01 1,33E-07 1,30E-07 1,27E-07 

LP 55-60 57,5 9,05 1,44E-07 1,41E-07 1,38E-07 

LP 60-65 62,5 9,13 1,41E-07 1,38E-07 1,35E-07 

LP 65-70 67,5 8,64 1,38E-07 1,35E-07 1,32E-07 

LP 70-75 72,5 8,65 1,27E-07 1,24E-07 1,22E-07 

LP 75-80 77,5 9,25 1,27E-07 1,24E-07 1,22E-07 

LP 80-85 82,5 9,16 1,31E-07 1,29E-07 1,26E-07 

LP 85-90 87,5 8,96 1,28E-07 1,25E-07 1,23E-07 

LP 90-95 92,5 7,93 1,39E-07 1,36E-07 1,34E-07 

LP 95-100 97,5 8,87 1,30E-07 1,27E-07 1,25E-07 

LP 100-105 102,5 8,61 1,30E-07 1,27E-07 1,25E-07 

LP 105-110 107,5 8,58 1,13E-07 1,11E-07 1,09E-07 

LP 110-115 112,5 8,98 1,19E-07 1,17E-07 1,16E-07 

LP 115-120 117,5 8,97 1,10E-07 1,08E-07 1,07E-07 

LP 120-125 122,5 8,95 1,03E-07 1,01E-07 9,98E-08 

LP 125-130 127,5 9,15 1,14E-07 1,12E-07 1,11E-07 

LP 130-135 132,5 9,17 1,12E-07 1,11E-07 1,09E-07 

LP 135-140 137,5 9,05 9,25E-08 9,09E-08 8,99E-08 

LP 140-145 142,5 8,84 9,97E-08 9,79E-08 9,67E-08 

LP 145-150 147,5 9,17 1,25E-07 1,23E-07 1,22E-07 

LP 150-155 152,5 9,17 1,12E-07 1,10E-07 1,08E-07 

LP 155-160 157,5 9,15 1,08E-07 1,06E-07 1,05E-07 

LP 160-165 162,5 9,64 1,11E-07 1,09E-07 1,08E-07 

LP 165-170 167,5 9,12 1,15E-07 1,13E-07 1,12E-07 

LP 170-175 172,5 9,43 1,18E-07 1,16E-07 1,15E-07 

LP 175-180 177,5 9,45 1,23E-07 1,21E-07 1,20E-07 
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Table A3-2. Porthcressa data 

Sample Depth (cm) Weight (g) XF1 XF2 XF3 

PC 0-5 2,5 8,82 1,13E-07 1,09E-07 1,04E-07 

PC 5-10 7,5 9,05 9,63E-08 9,30E-08 9,01E-08 

PC 10-15 12,5 9,13 9,61E-08 9,32E-08 9,08E-08 

PC 15-20 17,5 8,96 1,04E-07 1,01E-07 9,84E-08 

PC 20-25 22,5 9 9,19E-08 8,91E-08 8,71E-08 

PC 25-30 27,5 9,7 7,85E-08 7,66E-08 7,53E-08 

PC 30-35 32,5 9,46 7,45E-08 7,28E-08 7,19E-08 

PC 35-40 37,5 9,79 9,32E-08 9,10E-08 8,97E-08 

PC 40-45 42,5 9,24 1,00E-07 9,80E-08 9,68E-08 

PC 45-50 47,5 9,32 1,17E-07 1,14E-07 1,13E-07 

PC 50-55 52,5 9,39 1,07E-07 1,04E-07 1,03E-07 

PC 55-60 57,5 9,57 1,05E-07 1,03E-07 1,01E-07 

PC 60-65 62,5 9,38 1,03E-07 1,01E-07 9,98E-08 

PC 65-70 67,5 9,23 9,42E-08 9,27E-08 9,16E-08 

PC 70-75 72,5 9,03 1,06E-07 1,04E-07 1,02E-07 

PC 75-80 77,5 9,08 1,03E-07 1,01E-07 9,99E-08 

PC 80-85 82,5 9,32 1,04E-07 1,02E-07 1,01E-07 

PC 85-90 87,5 9,06 9,89E-08 9,70E-08 9,58E-08 

PC 90-95 92,5 8,76 1,06E-07 1,04E-07 1,03E-07 

PC 95-97 96 9,04 1,00E-07 9,85E-08 9,75E-08 
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