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Abstract

Grain Size Analysis of Late Pleistocene Loess Deposits, Jersey
Joakim Edlund

As the world faces the effects of rapid climate change it is essential that we understand how the Earth’s
climate has evolved in recent geological history. The island of Jersey harbours loess deposits which hold
clues to recent climate change which have not been extensively studied. In this study, grain size analysis
was employed on loess from the site of La Motte in order to shed light on climate change in the region
during the last glacial. Several metrics such as the ratio of coarse to fine silt, the rate of deposition and
the formation of ancient soils was used to assess the climate conditions during the time of deposition.
The results show that the loess of La Motte is coarse compared to typical European loess but similar in
grain size distribution to other sites along the English Channel, with relatively high amounts of sand and
low amounts of clay. The relative coarseness of the deposits suggests a cold and dry depositional
environment as well as proximity to the source of sediment and high wind intensities during the time of
deposition. The fraction of coarse silt to fine silt, along with the rate of deposition and the occurrence of
soil formation across the stratigraphy indicates that the climate slowly cooled from around 55 000 to
24 000 years ago when a sudden cooling event took place, then warmed until about 16 800 years ago
where the climate suddenly cooled again. The timing of these rapid climatic shifts appears to correspond
with Heinrich events 1 and 2 when large masses of ice were discharged from continental ice sheets.
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Populärvetenskaplig sammanfattning

Kornstorleksanalys av lössjord från övre pleistocen, Jersey
Joakim Edlund

Medan världen står inför effekterna av snabba klimatförändringar är det väsentligt att vi förstår hur
jordens klimat har utvecklats under den senaste geologiska tiden. Ön Jersey hyser lössavlagringar som
håller ledtrådar om den senaste tidens klimatförändringar och som inte studerats har studerats
omfattande. I denna studie användes kornstorleksanalys på löss från lokaliteten La Motte med avsikt att
utöka kunskapen om klimatförändringar i regionen under den senaste nedisningen. Ett flertal mått så
som förhållandet mellan grov och fin silt, depositionshastigheten och bildningen av gamla jordar
användes för att bedöma klimatförhållandena under avsättningstiden. Resultatet visar att La Mottes löss
är grov jämfört med europeiska lössjordar, men i kornstorleksdistribution lik med andra lokaliteter längs
med Engelska kanalen med relativt höga mängder sand och låga mängder lera. Avlagringarnas relativa
grovhet tyder på en kall och torr avsättningsmiljö såväl som närhet till sedimentkällan och höga
vindstyrkor under avsättningstiden. Förhållandet mellan grov och fin silt, tillsammans med
depositionshastigheten och förekomsten av jordbildning genom stratigrafin tyder på att klimatet
långsamt kyldes ner från omkring 55 000 år sedan till 24 000 år sedan då en plötslig nedkylning skedde.
Klimatet värmdes sedan upp fram till omkring 16 800 år sedan då klimatet plötsligt kyldes ner igen.
Tidpunkterna då dessa snabba avkylningar skedde verkar korrespondera med Heinrich-händelserna 1
och 2 då stora ismassor lossades från kontinentala istäcken ut i Nordatlanten.
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1 Introduction
The Quaternary is the current geological period and is characterised by cycles of glaciation. Cold periods
are known as stadials and warm periods are known as interstadials (Gibbard & Head, 2020). During
stadials, low global average temperatures cause inland ice sheets to grow, covering significant portions
of the Northern Hemisphere in ice. When global temperatures heat up, ice sheets retreat and the Earth
enters an interstadial. Two epochs constitute the Quaternary period: the Pleistocene (2,58 Ma – 11,7 ka)
and the Holocene (11,7 ka – present) (Ehlers et al. 2018). A type of sediment often found in the
Quaternary is loess, containing good records of past dust and climate.

Loess is a type of aeolian sediment consisting primarily of silt but often includes lesser amounts of
fine sand and clay. Since grain size plays a fundamental role in the amount of energy required to
transport sediment material, it follows that studying the grain size distribution (GSD) of loess is a viable
strategy for reconstructing past aeolian conditions (Vandenberghe, 2013; Újvári et al. 2016).

The rate of deposition of Western European loess during the last glaciation (100 ka – 15 ka) appears
to be tied to rapid climate variations in the North Atlantic as it coincides with Greenland
stadial/interstadial cycles and Heinrich events. Dust availability increases during cold periods and
decreases during warm periods. Vegetation binds sediment, thus hampering the efficacy of aeolian
erosion. This leads to decreased sediment supply and lower accumulation rates during times of warmer
climate (Sima et al. 2009).

The aim of this study is to test whether the grain size of loess can be used to infer past climate
variations of Jersey during the last glacial, and to test the hypothesis that rapid climate changes can be
observed in the grain size of loess at the site of La Motte.

1.1 Loess as a record of past climate
Loess is an aeolian sediment covering up to 10% of the Earth’s land area (Figure 1). It is primarily
composed of silt with smaller amounts of fine sand and clay. It is generally thought to be sourced from
outwash deposits of glacial grinding such as alluvial plains and alluvial fans but may also be produced
from other processes, such as frost shattering and salt weathering (Muhs & Bettis, 2003; Vandenberghe
2013).

Figure 1. Map showing the global distribution of loess. Original source: Li et al. (2020).

Loess can be dated by a handful of unique methods such as luminescence dating and radiocarbon
dating (Nett et al. 2021). Variation in the grain size distribution (GSD) at a loess site is determined by
several factors such as wind strength, source sediment composition and proximity to source. Loess grain
size is therefore a powerful tool for studying regional climate and aeolian conditions (Muhs & Betts,
2003).
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Often found within loess deposits are paleosols (ancient soils). Paleosols represent periods of low
sedimentation rates and can be recognized from vertical changes in geochemistry, mineralogy and grain
size (Muhs & Bettis, 2003). Pedogenesis (soil formation) involves weathering of sediment which
increases the supply of clay. Aeolian sedimentation rates are higher during glacial periods owing to
stronger or more persistent winds, decreased vegetation cover, increased sediment availability and a less
intense hydrological cycle. (Muhs & Bettis, 2003).

1.1.1 Loess types
Loess deposits are often altered by weathering at the time of deposition, local reworking and
bioturbation. Loess is typically categorised as either “primary” or “secondary”. Primary loess is directly
deposited by aeolian means, whereas secondary loess is reworked and redeposited (Pye, 1995). Using a
system proposed by Vandenberghe (2013), loess can be classified into a set of types and subgroups
based on modal grain size and occasionally other characteristics. These types are defined as follows:

1.a – primary loess in the coarse silt to fine sand range. Mode of ~75 µm.
1.b – primary loess in the medium to coarse silt range. Mode of 25 – 65 µm.
1.c – primary loess in the clay to fine silt range. Mode of 4 – 19 µm.
2.a – secondary loess reworked by fluvial processes.
2.b – secondary loess reworked by lacustrine processes.

Type 1.a loess requires relatively high energy to transport, resulting in episodic deposition. In
contrast, loess of type 1.b is interpreted as having a wider occurrence and providing an orbital signal.
Type 1.b loess is especially deposited during extreme cold periods, with a transport distance of tens to
hundreds of kilometres. (Vandenberghe, 2013). Sediment type 1.b can be further subdivided into smaller
subgroups based on modal grain size:

1.b.1 – Mode of 44 – 65 µm.
1.b.2 – Mode of 35 – 40 µm.
1.b.3 – Mode of 25 – 31 µm.

The coarser the subgroup of 1.b loess, the greater the wind intensity required for transport and the
shorter the transport distance. A shorter transport distance implies a greater proximity to the source
sediment. Subgroups within type 1.b may each be deposited depending on slightly differing wind
strength, local topography and surface conditions. Comparing subgroups 1.b.1 and 1.b.2, the former is
deposited in more proximal locations where wind is less frequently active, but the wind intensity is
higher as compared to locations favouring 1.b.2 (Vandenberghe, 2013).

1.1.2 U-ratio
The U-ratio is the ratio of coarse silt (16-44 µm) to fine silt (5,5-16 µm). It is designed to be an accurate
proxy for wind intensity. It therefore excludes coarser grained particles that may have been saltated in
from local sources as well as finer grained particles that may have formed in situ from weathering
processes.

1.2 European loess
The loess of Europe is part of a great loess belt stretching all the way to eastern China. Nearly all
European loess lies outside the reaches of the last Alpine and Fennoscandian glaciations and can be a
few meters to tens of meters thick. The European loess belt stretches from southern Russia in the east to
southern England in the west (Figure 2). Mineralogically, European loess primarily consists of quartz
(~40-80%) with smaller amounts of feldspar, carbonates, clay minerals and heavy minerals. Silt content
is generally in the range of 60-80%, with <20% clay content and <15% sand content (Rousseau et al.
2007).
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Figure 2. Loess map of Europe. Original source: Lehmkuhl et al. (2021).

The European loess records appear to have been deposited rhythmically, being more contrasting and
discontinuous compared to Chinese loess. The influence of the North Atlantic Ocean gives rise to
millennial-scale variations in depositional rates and increased soil development. European loess contains
records of rapid climatic events similar to those recorded in Greenland ice cores (GISP2 and GRIP) and
North Atlantic marine cores. Thus, European loess records correspond well with North Atlantic climate
variability (Rousseau et al. 2007).

Although studies have been conducted on the loess of western Europe, not much is known about
Jersey loess. As such, this study aims to fill this gap in knowledge.

1.3 Heinrich events
During the last glacial period, 6 events of massive iceberg discharge took place in the North Atlantic.
These occurrences are known as Heinrich events (H1-H6) and are marked by a layer of ice rafted debris
(IRD) dropped into the North Atlantic. The origin of these icebergs may vary from Canada to,
Greenland, Iceland or Europe (Gornitz, 2021).

The exact cause of Heinrich events remains unclear, but there are several hypotheses. Cooling climate
may have increased the mass of continental ice shelves, causing them to extend into the ocean leading
to mass calving. Another explanation is that abrupt warming may have led to sea level rise, thus forcing
continental ice into the ocean, leading to calving. Another hypothesis states that the release of fresh
water into the ocean may have weakened the thermohaline circulation in the Atlantic, thus cooling the
waters of the North Atlantic and driving growth of ice sheets into the ocean. After the freshwater influx
lessened, the temperature recovered, leading to mass ice calving. Heinrich events occurred at roughly
16 800 ka (H1), 24 000 ka (H2), 31 000 ka (H3), 38 000 (H4), 45 000 ka (H5) and 60 000 ka (H6)
(Easterbrook, 2019).

In Europe, Heinrich events are typically associated with cooler, windier and dustier conditions
(personal communication, T. Stevens). Because of this, one may expect the grain size of loess to coarsen
following a Heinrich event.
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1.4 Site description
The site of study is La Motte, also known as Green Island. It is a tidal island located to the southeast of
the island of Jersey in the English Channel (Figure 3). The loess sequence is 460 cm deep including the
cover sand at the top and is laid on top of a raised beach close to the coastline. Large angular rocks were
found below 460 cm at the sampling location.

Figure 3. Left: Map view of Jersey. Map data: SIO, NOAA, U.S. Navy, NGA, GEBCO, TerraMetrics ©2022
Google. Right: Photograph of the sampling location at La Motte, Jersey

2 Method
At the site of La Motte, Jersey, sediment samples were collected at 5 cm intervals from the top of the
sequence down to 460 cm below. From the top down to 130 cm depth, only every other sample was
analysed. This is because the top part of the sequence consists mostly of recent sands which are not part
of the loess sequence. Every sample taken between 130 cm to 460 cm depth was studied. This gave a
total of 79 studied samples.

Each sample was transferred into a separate beaker and dried in an oven at 50 °C for about an hour,
sometimes longer if the sediment was particularly wet. When the sample had dried it could then be
sieved through a 500 µm sieve and added to a beaker. In most cases a mortar and pestle were used on
the sample prior to sieving in order to separate aggregated grains. Care was taken not to crush the
individual grains as doing so would introduce an error in the grain size measurement.

After sieving, 12% hydrochloric acid (HCl) was carefully dropped on the samples. If a reaction
occurred, more HCl was added until the reaction ceased. The HCl reacts with carbonates that may be
present in the sample. Carbonates can form in loess after deposition and is therefore not to be included
when analysing the grain size distribution. The beakers were then filled with distilled water and left to
stand for four hours or more. This was to give the finer grains time to settle to the bottom of the beakers.
After the four hours had passed, the water was carefully poured off and the beakers were subsequently
refilled with another round of distilled water. This process was repeated three times per sample (Orbe
2019).

32% hydrogen peroxide (H2O2) was then applied to the samples and the beakers were put on hot
plates in order for the reaction to take place. The peroxide reacts with organic material, removing it from
the sample. Like with carbonates, organic material can form in loess after deposition but should not be
present in the sample when measuring grain size distribution (Orbe 2019). After the reaction ceased, the
beakers were removed from the hot plates and as much H2O2 as possible was poured off into a special
waste bottle before the beakers were once again rinsed with 3 rounds of distilled water.

The samples were then ready to be measured. The granulometer used was the Malvern Mastersizer
X with a Malvern QS small volume sample dispersal unit. The dispersal unit was set to ~2190 RPM and
the particle density was set to 2.650 g/cm3 in the Malvern software. In order to disaggregate the grains
as much as possible, the samples were treated with a preprepared solution of sodium hexametaphosphate
(Na6[(PO3)6], SHMP) and put in an ultrasonic bath for a few minutes before measurement (Orbe 2019).
As the beakers were removed from the ultrasonic bath, they were continuously stirred with a small
spoon. Using the spoon, the sediment was then fed into the dispersal unit and care was taken to get a
representative sample. When the obscuration of the Mastersizer was in the range of 5-10%, three
measurements were taken. The average of these measurements was used for the final results. In some
cases, samples were remeasured. The final average was then calculated as the average of both sets of
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three measurements. The dispersal unit was rinsed with distilled water 6 or more times between each
measured sample.

3 Results
The sediment deposits at the site of La Motte can be divided into several units (Figure 4). Ages are based
on initial optically stimulated luminescence (OSL) dating and are only generally indicative (personal
communication, T. Stevens and Y. Baykal).

Figure 4. Stratigraphic log of La Motte. Depth below the surface is shown on the right-hand side of the figure.
Approximate ages are shown on the left-hand side. The black stripes in the cover sand show roots of vegetation.
The shapes within unit A represent archaeological fragments left by ancient human occupation. The dark bands
in unit B show the distinct banding in the unit. The shapes found around the boundary between unit D and E as
well as within unit E represent calcareous loess dolls.

3.1 Grain size results
The sediment deposits consist of two primary parts: loess (460 to 110 cm) and blown in sand (110 cm
to surface). Three distinct main components are discernible within the loess deposits: medium sand
(mode of ~250 µm), coarse silt (mode of ~50 µm) and clay (<20 µm). Sand dominates the uppermost
parts of the sequence down to ~110 cm. The rest of the sequence is dominated by silt. Clay content is
highest in the lowermost 70 cm of the section. The sequence has a general coarsening trend from bottom
to top (Figure 5).
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Figure 5. Grain size distribution (GSD) of the entire La Motte loess sequence. Colour gradient darkens with
depth.

3.1.1 Unit E
A 15-20 cm thick band of calcareous concretions known as loess dolls mark the top of Unit E. Sporadic
loess dolls are present throughout the unit. This unit has the finest grain size distribution (GSD) of the
sequence, with a gradual coarsening of the silt as well as a pronounced decrease in clay content going
up in stratigraphy (Figure 6). The average mode is 37,84 µm, with the lower parts of the unit having a
smaller visible mode of ~5 µm. A small amount of sand can also be observed in the GSD. The loess of
this unit is light brown in colour. Approximate age of lower boundary is 55 ka (personal communication,
T. Stevens and Y. Baykal).

Figure 6. GSD of Unit E. Colour gradient darkens with depth.

3.1.2 Unit D
The top of this unit is marked by a soily tongued horizon which reaches down the unit. The soily material
has a light brown colour while the rest of the loess is yellowish (Figure 7). Going up in stratigraphy
there is a gradual coarsening of the silt as well as a decrease of fine-grained material (Figure 8). Particles
of ~10 µm are notably more abundant in the lower part of the unit. The average mode of the unit is 44,00
µm. Approximate age of lower boundary is 25 ka (personal communication, T. Stevens and Y. Baykal).
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Figure 7. Photograph showing unit D with its soily tongued horizon and yellowish loess. The lines in the
sediment are drawn at 5 cm intervals.

Figure 8. GSD of Unit D. Colour gradient darkens with depth.

3.1.3 Unit C
This unit is characterised by its patchy texture. The grains of this unit show a slight fining upwards trend
(Figure 9). The unit has an average mode of 48,77 µm. Clay content increases upwards. The GSD has a
classic loess shape, with a mode in the silt range, a small amount of fine sand and a long tail of finer
grained material. Approximate age of lower boundary is 20 ka (personal communication, T. Stevens and
Y. Baykal).

Figure 9. GSD of Unit C. Colour gradient darkens with depth.
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3.1.4 Unit B
The bottom of unit B, from 245 to 235 cm, consists of laminated loess. The bottom two samples of the
unit (235-240 and 240-245) are the only two samples from this 10 cm of laminated bedding. These
samples have quite different modes, 50,20 µm and 46,10 µm respectively, the modal average of the
whole unit being 48,84 µm. More or less distinct light brown and yellow bands of sandy and silty loess
comprise the unit from 235 to 160 cm (Figure 10). Clay content decreases upwards while sand content
increases (Figure 11). Much like in unit C, the GSD of unit B has a classic loess shape. A gradual
coarsening of the GSD takes place as you go up in stratigraphy. Approximate age of lower boundary is
20 ka (personal communication, T. Stevens and Y. Baykal).

Figure 10. Photograph of unit B showing distinct banding. The lines in the sediment are drawn at 5 cm intervals.

Figure 11. GSD of Unit B. Colour gradient darkens with depth.

3.1.5 Unit A
This unit is composed of sub-angular grains of light brown or grey loess. Unit A shows signs of human
activity which may have altered the GSD. There are archaeological remains of stone blocks at around
130 cm depth (Figure 12). These are leftovers from ancient human activity in the area. Due to this, the
values obtained from unit A may not be useful for interpreting past climate. The age of these remains is
unknown and could be anywhere from Neolithic to Medieval based on the age of other archaeological
sites in the area (Keen, 1993). Unit A contains considerably more sand than lower parts of the sequence
and sand content increases upwards (Figure 13). The mode, median and especially the mean is higher
in unit A than in unit B in unit A (Appendix 1). The modal average of unit A is 50,30 µm. Approximate
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age of lower boundary is 15 ka (personal communication, T. Stevens and Y. Baykal). At 110 cm,
medium sand takes over as the dominant grain size, marking the end of the loess sequence.

Figure 12. Photograph of unit A, showing the unidentified archaeological remains found within the unit.

Figure 13. GSD of Unit A. Colour gradient darkens with depth.

3.1.6 Cover sand and mixed unit
The two units at the top the sequence contain significantly more sand than the lower ones. In the “mixed”
unit between 90 and 110 cm, there are two dominant classes of grain size present: medium sand (mode
~250 µm) and coarse silt (mode ~50 µm). This results in a bimodal grain size distribution (GSD) (Figure
14). This layer is more hard-packed than the unit above.

Medium sand is the dominant grain size in the top unit (the cover sand). The top 60 cm of this unit
is composed of a dark brown sand. Snail shells can be found in this layer. The sand has a light colour
between 60 and 90 cm. Although the cover sand is predominantly composed of sand, there is a small
visible mode in the silt range at ~45 µm. Grain size ranges from ~1,35 µm to ~590 µm in both the mixed
unit and cover sand. Approximate age of lower boundary is 3 ka (personal communication, T. Stevens
and Y. Baykal).
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Figure 14. GSD of the two top stratigraphic units. Colour gradient darkens with depth.

3.2 Grain size indices and stratigraphy with depth
The mode, mean and median grain size all show a general coarsening upwards trend in the lower part
of the sequence (Figure 15). At around 350 cm there is a significant deviation from this trend where
grain size quickly coarsens before returning to a finer value. Starting around 315 cm the coarsening
upwards trend becomes more erratic with plentiful oscillations in the mode, mean and median. However,
there still is a slight coarsening upwards trend. The mean and median show a sharp peak around 200 cm,
while the mode is mostly unaffected.

Figure 15. Mode, mean and median grain size plotted against the stratigraphic log. The x-axis displays the grain
size in µm. The y-axis displays depth in cm.
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Sand content generally increases upwards while the silt content decreases (Figure 16). There is a
remarkable consistency in the sand and silt content from 460 to 355 cm with a slow but clear increase
in sand content and decrease in silt content. Above 355 cm there is more of an oscillation in the sand
and silt contents while the general trend still holds. The sand and silt contents appear to inversely mirror
one another almost perfectly. This is rather expected as the clay contents at the site are far lower than
the sand and silt contents.

Figure 16. Sand and silt content plotted against the stratigraphic log. The x-axis displays the content percentage.
The y-axis displays depth in cm.
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The U-ratio varies considerably throughout the sequence (Figure 17). From the bottom up to 355 cm,
there is a clear increasing trend with many back and forth oscillations. The U-ratio here ranges from
about 2,0 to 3,5. U-ratio spikes around 350 cm, roughly corresponding with the transition from unit E
to unit D. This is where the sequence’s peak value is reached (6,26). The U-ratio has a diminishing trend
from here up to 190 cm with more pronounced oscillations. There is a significant decrease around the
boundary between unit D and C followed by another downward shift around 260 cm. Between 260 and
190 cm there is relative stability in the U-ratio, however a slight decrease is discernible. Above 190 cm
the U-ratio suddenly jumps to over 4,0 and stays high until 160 cm where results become potentially
unreliable.

Figure 17. U-ratio plotted against the stratigraphic log. The x-axis displays the U-ratio value. The y-axis
displays depth in cm.
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Clay content generally decreases upwards and is low throughout (Figure 18). Clay content is the
highest in the bottom part of the loess from 460 to 420 cm, sometimes exceeding 2%. Clay content is
around 1% from 420 to 385 cm. A sudden shift occurs at 385 cm where clay content greatly decreases
then oscillates around 0,5% from 385 to 160 cm. The sample 215-220 is the main deviation from this
pattern being the only sample in this range where the clay content exceeds 1%. It is worth noting that
the granulometer used (the Malvern Mastersizer X) is only able to detect particles larger than ~1,3 µm.
The actual content of clay is therefore likely underestimated.

Figure 18. Clay content plotted against the stratigraphic log. The x-axis displays the clay content in percent. The
y-axis displays depth in cm.

3.3 Loess type
All the loess in the sequence is part of the Vandenberghe (2013) sediment group 1.b. More
specifically, the entirety of the loess can be classified between the subgroups 1.b.1 and 1.b.2 (Table 1).

Table 1. Loess type subgroups based on Vandenberghe (2013).
Depth in cm 1.b.1 (44-65 µm) Mixed (40-44 µm) 1.b.2 (35-40 µm)
110-115 X
120-125 X
130-135 X
135-140 X
140-145 X
145-150 X
150-155 X
155-160 X
160-165 X
165-170 X
170-175 X
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175-180 X
180-185 X
185-190 X
190-195 X
195-200 X
200-205 X
205-210 X
210-215 X
215-220 X
220-225 X
225-230 X
230-235 X
235-240 X
240-245 X
245-250 X
250-255 X
255-260 X
260-265 X
265-270 X
270-275 X
275-280 X
280-285 X
285-290 X
290-295 X
295-300 X
300-305 X
305-310 X
310-315 X
315-320 X
320-325 X
325-330 X
330-335 X
335-340 X
340-345 X
345-350 X
350-355 X
355-360 X
360-365 X
365-370 X
370-375 X
375-380 X
380-385 X
385-390 X
390-395 X
395-400 X
400-405 X
405-410 X
410-415 X
415-420 X
420-425 X
425-430 X
430-435 X
435-440 X
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440-445 X
445-450 X
450-455 X
455-460 X

3.4 Carbonate content
When treated with 12% HCl, loess samples react more or less strongly, often not reacting at all. If a
reaction occurs with HCl it indicates the presence of carbonate. The following table presents the reaction
to HCl per sample as observed during laboratory preparation.

Table 2. Carbonate content as indicated by HCl reaction.
Depth in cm Did not react with HCl Reacted with HCl
0-5 X
10-15 X
20-25 X
30-35 X
40-45 X
50-55 X
60-65 X
70-75 X
80-85 X
90-95 X
100-105 X
110-115 X
120-125 X
130-135 X
135-140 X
140-145 X
145-150 X
150-155 X
155-160 X
160-165 X
165-170 X
170-175 X
175-180 X
180-185 X
185-190 X
190-195 X
195-200 X
200-205 X
205-210 X
210-215 X
215-220 X
220-225 X
225-230 X
230-235 X
235-240 X
240-245 X
245-250 X
250-255 X
255-260 X
260-265 X



16

265-270 X
270-275 X
275-280 X
280-285 X
285-290 X
290-295 X
295-300 X
300-305 X
305-310 X
310-315 X
315-320 X
320-325 X
325-330 X
330-335 X
335-340 X
340-345 X
345-350 X
350-355 X
355-360 X
360-365 X
365-370 X
370-375 X
375-380 X
380-385 X
385-390 X
390-395 X
395-400 X
400-405 X
405-410 X
410-415 X
415-420 X
420-425 X
425-430 X
430-435 X
435-440 X
440-445 X
445-450 X
450-455 X
455-460 X

4 Discussion
4.1 Stratigraphic interpretations
The timeline at La Motte indicates periods of low and high deposition. Unit E ranges from 55 to 25 ka,
units D, C and B all together range from 25 to 15 ka and unit A ranges from 15 to 3 ka (Figure 4). The
sandy top units were deposited in the last 3 thousand years. In other words, there was an initial low rate
of deposition lasting for ~30 thousand years, followed by a period of rapid deposition lasting ~10
thousand years, and finally a somewhat slow depositional period lasting for ~12 thousand years.

Compared to the rest of Europe, the loess at La Motte contains a high amount of sand (see section
1.2). In most European loess, the sand content is less than 15%. In La Motte, however, it varies from
~10-40% (Figure 16). Clay content is low compared to European loess at only 0,15-2,34%, although
these numbers are likely an underrepresentation of the true clay content as discussed in section 3.2. The
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coarseness of the La Motte loess may be due to the site being located close to its sediment source, as
well as experiencing high wind intensities, possibly due to the relative proximity of the British-Irish ice
sheet (Stevens et al. 2020).

4.1.1 Unit E interpretation
This is the largest unit of the sequence, measuring 100 cm and includes 20 samples. The unit spans from
~55 ka to ~25 ka, meaning that this unit contains a greater span of time than the rest of the units combined
(Figure 4). Sedimentation rates were thus low.

U-ratio gradually increases over time, ranging from 1,89 to 3,41 across the unit. This suggests a
gradual strengthening of prevailing winds in the region. This explanation is further supported by the
gradual increase in sand content, mode, mean and median during the same time period (Figure 15, 16,
17).

Unit E has the highest clay content of the site. As was discussed in section 3.2, the clay content is
the highest from 460 to 420 cm where it sometimes exceeds 2%. From 420 to 385 cm, clay content
hovers around 1%, then decreases to around 0,5% from 385 cm to the top of unit E at 360 cm (Figure
18). Higher clay content may suggest lower wind intensity but could also be due to in situ weathering
during soil formation. Since soil formation and lower wind intensity are both correlated with warmer
temperatures it could be surmised that temperatures were relatively warm during the time of deposition
of the lower parts of unit E but slowly cooled over time as is evidenced from the gradual increase in U-
ratio, mean, mode, median and sand content.

Carbonate is present from 415 to 360 cm, which is unsurprising given the calcareous loess dolls
present in this part of the unit (Table 2).
The angular rocks discussed in section 1.4 that are found below 460 cm seem to contradict the idea that
the loess was deposited in a beach environment as the wave action should have smoothed out the rocks,
making them rounded in form.

4.1.2 Unit D interpretation
This unit measures 75 cm and includes 15 samples, spanning from ~25 ka to ~20 ka (Figure 4). A sharp
peak in U-ratio at around 350 cm corresponds roughly with the lower boundary of unit D, with the
sample 345-350 having the highest U-ratio of the sequence at 6,26. The peak in U-ratio is accompanied
by peaks in sand content, mode, mean and median (Figure 15, 16, 17). The timing of this grain size peak
corresponds well with Heinrich event 2 which took place at ~24 ka (Easterbrook, 2019).

Following this peak, the U-ratio sits at around 5,0 while slowly trending downwards until 295 cm
where it abruptly jumps down to ~3,3 (Figure 17). Sand content continues to rise following the grain
size peak, increasing from 16,54% at 345 cm to 28,47% at 315 cm (Figure 16). From 315 to 300 cm, the
sand content lowers to ~23% and subsequently rises to ~26% from 300 to 285 cm. The trends in sand
content are mirrored by mode, mean and median (Figure 15). Clay content is low throughout the unit,
hovering at ~0,3% from 360 to 315 cm and ~0,5% from 315 to 285 cm (Figure 18).

Unit D is the only unit to contain significant variation in subgroup categorisation. Of the six samples
from 360 to 330 cm, two of them are part of 1.b.2 and the other four fall in between the 1.b.1 and 1.b.2
categorisations. The rest of the unit fits into the subgroup 1.b.1 (Table 1).

The peak in U-ratio and subsequent high U-ratio values indicate strong wind conditions that could
keep larger silt grains in suspension. The increase in sand content may similarly be explained by high
wind intensity. These trends point to a cold climate of strong, dry winds. The low clay contents suggest
there was no soil formation taking place, further supporting this interpretation.

As the U-ratio decreases over time, one could argue that this implies a gradual weakening of local
winds, however this interpretation is not without its challenges as the 1.b subgroups of the unit do not
seem to agree with this line of reasoning. Going up the unit, the loess goes from subgroup 1.b.2, to
“mixed”, to 1.b.1, suggesting strengthening winds over time. An alternative explanation for this could
be that the wind strength indeed decreased, but the source of sediment changed to a more proximal
location. This could explain how the sand content increased and the loess type coarsened while the U-
ratio fell.
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4.1.3 Unit C interpretation
Unit C measures 40 cm and contains 8 unique samples. The unit was deposited in a very short time span,
as both the upper and lower boundary of the unit are roughly dated to 20 ka, though it is worth noting
that these dates are preliminary and imprecise (Figure 4). The rapid rate of deposition could suggest a
cold and arid climate. From 285 to 260 cm, the U-ratio is roughly 3,7 with some significant deviations.
Then, from 260 to 245 cm, the U-ratio decreases to ~2,85 (Figure 17). This suggests that wind intensity
decreased over time.

Despite the weakening winds, the mode trends upwards and sand content slightly increases (Figure
15, 16). This could imply that a source of sand approached the loess deposit over time, leading to more
sand finding its way to the loess. This sand source may have been the raised beach that the loess is
deposited on. Decreased wind intensity is typically correlated with a warming climate and retreat of ice
sheets, which in turn leads to sea level rise. A warming climate could thus explain how the beach sand
approached the loess deposit.

4.1.4 Unit B interpretation
Unit B measures 85 cm and contains 17 samples, spanning from ~20 ka to ~15 ka (Figure 4). The U-
ratio hovers around 2,8 from 245 to 190 cm, then abruptly jumps up to around 4,6 from 190 to 160 cm
(Figure 17). The timing of this event matches well with Heinrich event 1 (H1) which occurred ~16,8 ka
(Easterbrook, 2019). Clay content decreases up the unit while sand content generally increases (Figure
16, 18). Mean and median follow the same increasing trend as the sand but interestingly the mode is
relatively stable, showing only a slight increasing trend (Figure 15). All these parameters oscillate with
significant amplitude throughout the unit. The oscillations are unsurprising given the stratigraphy,
namely the alternating banding of this unit. Despite these oscillations, the entire unit is composed of
1.b.1 loess (Table 1).

The layered banding of unit B is likely not a result of changes in wind strength since such changes
should be discernible in the U-ratio. Rather, they may represent a limon à doublets, a decalcified
structure of alternating sandy and silty beds. This interpretation is supported by the lack of carbonates
in unit B save for the two top samples (160-165 and 165-170) (Table 2). Although the mechanism by
which they form is uncertain, limon à doublets are known to form in cold climatic conditions (Keen et
al. 1996). It can thus be surmised that temperatures were cold during the formation of unit B.

The sudden increase in U-ratio at 190 cm depth which was likely caused by H1 suggests intensifying
winds, however, no such increase is seen in other parameters (Figure 15, 16, 17). If the winds were not
strong enough to carry sand particles in suspension and there was no local source of sand available, then
that could explain why the sand content was unaffected by the sudden increase in wind strength. Clay
content is lower following H1, further supporting the interpretation that wind strength intensified.

The outlier that is sample 195-200 is likely largely due to not getting a representative sample while
measuring the grain size. The measurement appears unreliable since the sand content is far greater than
in surrounding samples, resulting in large peaks in mean and median. However, it can not be ruled out
that there might just have been an unordinary amount of sand in that layer, especially considering the
banded bedding of the unit.

4.1.5 Unit A interpretation
Unit A measures 50 cm and includes 8 samples. The unit spans from ~15 ka to ~3 ka (Figure 4).
Due to the impact of ancient human occupation in this unit, the results of grain size analysis are less
than reliable. Nevertheless, some observations can be made on the grain size distribution. For instance,
the mean and median are significantly higher compared to previous units (Figure 15). This is due to the
high amount of sand compared to lower units (Figure 16). It is likely that much of the sand in unit A
comes from intermixing with the sandy units above.

The rate of deposition was relatively low during the formation of unit A, taking 12 thousand years to
accumulate 50 cm of sediment. This can be compared with unit B where 85 cm of sediment was
deposited over just 5 thousand years. This could suggest that the climate was warmer when unit A was
deposited since slower sedimentation rates are generally correlated with warmer temperatures. The
presence of humans could also be an indicator that the climate was warm enough to be hospitable,
although this is not currently verifiable since the age of the archaeological findings remains unclear.
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4.1.6 Cover sand and mixed unit interpretation
The “mixed” unit measures 20 cm and includes 2 samples. The topmost unit of La Motte, the cover
sand, measures 90 cm and includes 9 samples. These final two units blanket the underlying loess in a
layer of sand and were deposited during the last 3 thousand years (Figure 4). The cover sand has a sand
content, mode, mean and median far greater than the underlying loess (Appendix 1, 2). The “mixed”
unit, rather unsurprisingly, contains a mix of sand and silt, although the sand content is greater than in
any sample from the underlying loess. The mode, mean and median are generally high to match the sand
content, although the mode of sample 90-95 is in line with the loess deposits.

The presence of snail shells within the cover sand may suggest that rising sea levels caused the shore
to move inland, eventually covering the loess deposits in wind blown sand. This explanation is intuitive
since eustatic sea level rise is known to have taken place as the inland ice sheets melted at the end of the
last glaciation.

4.2 Comparison to other regional loess sites
The results of this study will here be compared to grain size analyses of other loess sites along the
English Channel, namely Primel-Trégastel, France which was studied by Rodin Borne (2021) and
Pegwell Bay, England which was studied by Orbe (2019).

4.2.1 Primel-Trégastel, Brittany, France
Located on the north-western coast of France, Primel-Trégastel lies about 135 km WSW of La Motte.
Like at La Motte, the loess deposits have a thickness of around 460 cm. These deposits, however, have
been dated to roughly ~25-15 ka, roughly corresponding to unit D through unit B at La Motte (Rodin
Borne, 2021; Figure 4).

The mode and mean grain size do not show any apparent fining or coarsening trend up the sequence,
and the same holds true for silt and sand content. This is in contrast to La Motte, where a clear coarsening
upwards trend in mode and mean exists accompanied by increasing sand contents (Figure 15, 16). The
mode of Primel-Trégastel at ~40-60 µm is generally coarser than that of La Motte where it is ~35-50
µm (Rodin Borne, 2021).

The U-ratio varies significantly in Primel-Trégastel with values of between ~2-32.  There is a
decreasing upwards trend with significant back and forth oscillations. The U-ratio at times increases or
decreases by values of up to 10 in just 5-10 cm. This is in stark contrast with the U-ratio of La Motte
which varies only from about 1,9 to 6,3, with the largest 10 cm jump being from 3,5 to 6,3 (Figure 17).

The generally higher U-ratio of Primel-Trégastel indicates coarser silt content, which is reflected in
the higher modal values. This could suggest a greater proximity to the sediment source than at La Motte.

4.2.2 Pegwell Bay, Kent, England
Pegwell Bay is located in the south-east of England, roughly 345 km NE of La Motte. The loess sequence
is about 3,4 m thick and is estimated to be of late Weichselian age (~25-10 ka). The base of these deposits
is thus roughly isochronous with the base of unit D at La Motte, and the top of the Pegwell Bay loess
was deposited during the same time as unit A at La Motte. During this timeframe at La Motte, between
2 to 2,5 m of loess was deposited, meaning that sedimentation rates were higher in Pegwell Bay.

Much like La Motte, the entirety of the loess sequence belongs to the subgroups 1.b.1 or 1.b.2 with
the lower part of the sequence favouring the finer 1.b.2 and the upper part favouring the coarser 1.b.1
(Orbe, 2019; Table 1).

The mode is fairly similar to La Motte albeit a bit coarser, varying between ~37-60 µm (Figure 15).
Sand content varies considerably, but hovers around 30% throughout the sequence. This is comparable
to contemporaneous sand contents at La Motte (Figure 16). The U-ratio oscillates from ~1,5-4,5, making
it lower than at La Motte where it varies between 2,5-6,3 in the same time frame (Orbe 2019; Figure
17).

The U-ratio being lower in Pegwell Bay may indicate that this locality was located further from the
sediment source as compared to at La Motte and may have experienced lower wind intensities. This
explanation is somewhat undermined by the higher modal values present in Pegwell Bay, although this
could also be caused by higher sand contents.
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5 Conclusions
The loess at La Motte is comprised of a 460 cm thick sequence consisting of a loess deposit from the
bottom up to 110 cm beneath the surface and a sand dominated top part of the stratigraphy. The loess
was deposited during the last 55 000 years. Compared to other European loess, the loess of La Motte is
generally coarse, containing high amounts of sand and low amounts of clay (Figure 15, 16, 17). The
loess may be entirely categorized into the 1.b.1 and 1.b.2 subgroups as defined by Vandenberghe (2013)
(Table 1). La Motte may therefore have been located close to its sediment source, and it may have
experienced high wind intensities during the last glacial.

Three primary grain size fractions are found in the stratigraphy: medium sand (200-630 µm), coarse
silt (20-63 µm) and medium silt to clay (<20 µm). The sequence exhibits a general coarsening upwards
trend with mode, mean and median, as well as sand content increasing upwards (Figure 15, 16). This is
not true of U-ratio, which varies quite remarkably throughout, ranging from 1,89 to 6,26 (Figure 17).
The U-ratio increases from the bottom up to 350 cm depth, where a pronounced spike occurs. From
there, the U-ratio decreases up to 190 cm depth while oscillating with greater magnitude than it did
lower down in stratigraphy. Another spike occurs at 190 cm. These spikes in U-ratio occur
simultaneously with similar spikes in grain size. The timing of these spikes appears to correlate with
Heinrich events 1 and 2, suggesting that the spikes may have been caused by sudden climatic shifts
correlating with the mass discharge of icebergs from inland ice sheets.

Temperature cannot be directly inferred from grain size alone, however, some interpretations can be
made based on stratigraphy and wind strength, with the assumption that greater wind strength generally
indicates colder temperatures. The climate is interpreted as having gradually cooled during the
deposition of unit E. Following Heinrich event 2 around 24 000 years ago, during the deposition of unit
D and C, temperatures may have gradually increased. The climate must then have cooled as the limon à
doublets of unit B could only have formed in cold conditions. A sharp increase in U-ratio around the
time of Heinrich event 1 around 16 800 years ago in upper unit B suggests a sudden increase in wind
intensity, possibly indicating rapid cooling. The data beyond this point is unreliable due to ancient
human activity which may have affected the grain size distribution in unit A.

When comparing with other loess deposits around the English Channel, there are similarities and
differences. La Motte, Primel-Trégastel and Pegwell Bay loess all have relatively coarse grain size
indicating proximity to sediment source and high wind intensity, although La Motte has the finest grain
size of the three. When looking at grain size distribution, La Motte appears to share more similarities
with Pegwell Bay than Primel-Trégastel.
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Appendix 1. Grain size by depth

Mode, mean and median grain size plotted against the stratigraphic log. The x-axis displays the grain size in µm.
The y-axis displays depth in cm.
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Appendix 2. Sand and silt content by depth

Sand and silt content plotted against the stratigraphic log. The x-axis displays the content percentage. The y-axis
displays depth in cm.
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Appendix 3. U-ratio by depth

U-ratio plotted against the stratigraphic log. The x-axis displays the U-ratio value. The y-axis displays depth in
cm.
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Appendix 4. GSI by depth

Grain size index (GSI) plotted against the stratigraphic log. The x-axis displays the GSI value. The y-axis
displays depth in cm.
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Appendix 5. Clay content by depth

Clay content plotted against the stratigraphic log. The x-axis displays the clay content in percent. The y-axis
displays depth in cm.
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Appendix 6. Grain size data I

Table showing the averaged data of the mode, mean, median and standard deviation. Units are colour
coded.

Sample/depth (cm) Mode (µm)
Volume
Mean (µm)

Standard
deviation

Median
(d.05)

0-5 264,75 225,85 147,034 212,941
10-15 248,02 234,22 105,211 231,910
20-25 260,43 245,18 119,867 245,068
30-35 231,36 211,27 122,173 206,427

Cover sand 40-45 221,14 206,92 92,155 206,237
50-55 235,21 227,73 98,747 224,199
60-65 239,38 206,60 113,918 208,579
70-75 270,41 256,88 135,996 254,076
80-85 290,02 266,03 137,307 262,460

Mixed 90-95 49,60 94,23 85,976 59,486
100-105 216,61 159,62 121,978 134,653
110-115 51,21 86,78 79,995 57,174
120-125 51,32 87,33 80,576 57,203
130-135 48,91 57,25 47,835 46,206

Unit A 135-140 51,51 69,04 60,502 51,676
140-145 51,32 88,56 89,840 55,856
145-150 48,82 55,14 44,329 45,759
150-155 49,05 56,55 47,218 46,132
155-160 50,28 64,01 56,505 49,390
160-165 49,73 59,05 50,025 47,557
165-170 49,02 55,42 45,278 45,866
170-175 48,23 51,74 42,101 43,819
175-180 46,79 52,96 44,689 43,378
180-185 47,17 51,47 42,587 42,969
185-190 47,68 54,78 48,441 43,664
190-195 48,51 54,67 49,762 42,011
195-200 50,44 68,32 66,514 46,625

Unit B 200-205 48,89 54,80 52,182 41,161
205-210 50,20 55,65 53,578 41,959
210-215 52,55 53,90 47,122 43,711
215-220 49,89 48,83 46,646 38,543
220-225 47,90 50,74 49,178 39,377
225-230 48,30 49,25 45,301 39,083
230-235 48,71 47,45 40,410 39,411
235-240 50,20 51,08 42,828 42,772
240-245 46,10 45,31 40,073 37,279
245-250 48,37 48,81 42,334 40,568
250-255 49,27 49,03 43,204 40,375
255-260 49,46 49,72 44,065 40,925

Unit C 260-265 49,44 50,41 40,977 42,902
265-270 51,99 52,42 41,190 45,416
270-275 46,86 50,54 42,354 41,965
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275-280 47,38 48,56 40,858 40,826
280-285 47,36 49,43 41,166 41,595
285-290 46,96 48,67 42,014 40,277
290-295 46,50 47,95 42,139 39,664
295-300 47,05 49,88 39,162 42,827
300-305 43,75 48,53 41,813 40,104
305-310 44,18 47,36 41,077 39,391
310-315 44,44 48,22 43,124 39,792
315-320 48,42 52,50 43,067 44,351

Unit D 320-325 46,60 52,06 43,803 43,107
325-330 44,39 49,25 41,766 40,898
330-335 42,69 47,12 39,961 38,867
335-340 40,96 44,62 40,659 36,623
340-345 39,60 42,65 36,981 35,506
345-350 42,96 49,14 43,103 40,142
350-355 42,21 46,54 40,052 38,235
355-360 39,23 41,47 38,738 33,465
360-365 39,37 40,65 37,409 33,064
365-370 40,20 41,86 38,123 34,041
370-375 39,33 40,43 37,714 32,568
375-380 38,14 39,80 38,979 31,393
380-385 38,67 40,78 40,427 32,056
385-390 39,36 39,76 38,029 31,851
390-395 39,41 38,46 38,720 30,484
395-400 39,17 39,57 39,235 31,139
400-405 37,91 40,31 45,293 29,503

Unit E 405-410 38,25 38,49 39,939 29,763
410-415 37,62 38,76 42,547 28,465
415-420 38,24 36,75 36,518 28,894
420-425 37,31 34,68 38,821 25,752
425-430 37,39 36,31 25,388 27,973
430-435 36,74 33,56 36,472 25,156
435-440 36,96 30,67 26,778 25,678
440-445 35,93 35,20 36,007 27,198
445-450 35,74 32,94 38,077 23,852
450-455 35,79 37,25 44,342 26,311
455-460 35,28 33,82 39,067 24,518
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Appendix 7. Grain size data II

Table showing the averaged data of the sand, silt and clay contents, as well as the U-ratio and Grain
Size Index (GSI). Units are colour coded.

Sample/depth (cm) %sand %silt %clay U-ratio GSI
0-5 84,11 15,83 0,13 3,49001 2,06609
10-15 91,59 8,39 0,04 2,07164 1,33516
20-25 88,54 11,38 0,15 1,61127 0,94263
30-35 84,71 15,24 0,12 2,20457 1,42501

Cover sand 40-45 91,04 8,96 0,00 3,02258 2,39743
50-55 92,09 7,89 0,04 2,07397 1,36569
60-65 83,99 16,01 0,02 2,82524 1,89952
70-75 87,00 12,96 0,11 2,04433 1,24460
80-85 88,74 11,26 0,01 3,26926 2,33204

Mixed 90-95 49,30 50,56 0,26 4,39401 2,79124
100-105 67,03 32,97 0,03 4,18821 2,84483
110-115 35,33 64,50 0,35 3,76231 2,38771
120-125 47,33 52,59 0,17 4,27452 2,84503
130-135 32,84 67,08 0,18 4,74321 3,03333

Unit A 135-140 40,90 58,99 0,23 4,18686 2,77816
140-145 45,63 54,35 0,08 4,91999 3,38515
145-150 31,40 68,56 0,12 4,87166 3,21359
150-155 32,13 67,84 0,11 4,77580 3,15517
155-160 36,36 63,64 0,04 5,69582 3,96885
160-165 33,65 66,28 0,16 5,08296 3,43103
165-170 31,19 68,74 0,15 5,06143 3,33459
170-175 28,55 71,37 0,22 4,23998 2,73041
175-180 28,47 71,21 0,55 4,89049 2,91075
180-185 27,44 72,46 0,22 4,59204 2,88255
185-190 30,06 69,75 0,36 4,14251 2,56024
190-195 31,51 68,36 0,29 2,75464 1,69327
195-200 38,35 61,40 0,48 2,57102 1,54423

Unit B 200-205 31,13 68,64 0,46 2,69470 1,59225
205-210 31,92 67,74 0,64 2,61092 1,54447
210-215 32,46 67,34 0,43 2,63161 1,65785
215-220 27,26 72,09 1,12 2,46878 1,39146
220-225 27,13 72,61 0,51 2,80663 1,67722
225-230 27,20 72,53 0,52 2,66182 1,59783
230-235 26,63 73,06 0,58 2,76331 1,67047
235-240 29,61 70,05 0,61 3,18986 1,97399
240-245 23,62 76,15 0,46 2,76569 1,66898
245-250 26,98 72,73 0,55 3,08431 1,87898
250-255 27,58 72,16 0,51 2,73505 1,69700
255-260 27,96 71,84 0,40 2,80921 1,76734

Unit C 260-265 28,54 71,24 0,42 3,67581 2,30128
265-270 31,47 68,38 0,29 3,31999 2,27734
270-275 26,86 73,01 0,25 4,23384 2,62659
275-280 26,18 73,44 0,66 3,62164 2,16002
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280-285 26,60 73,18 0,42 3,71027 2,32023
285-290 26,08 73,66 0,47 3,34119 2,04828
290-295 25,35 74,34 0,58 3,30783 1,97769
295-300 26,68 73,02 0,54 4,90236 2,93345
300-305 23,45 76,29 0,47 5,07460 2,88047
305-310 23,05 76,66 0,52 4,28183 2,49031
310-315 23,58 76,02 0,72 4,62903 2,52074
315-320 28,47 71,45 0,17 4,87390 3,22745

Unit D 320-325 27,49 72,33 0,33 5,08215 3,10920
325-330 24,62 75,11 0,50 5,28340 2,93638
330-335 22,27 77,60 0,26 4,78373 2,72590
335-340 18,12 81,59 0,54 5,36592 2,75321
340-345 16,54 83,38 0,20 5,20453 2,74918
345-350 22,75 77,07 0,34 6,25907 3,39466
350-355 21,28 78,54 0,37 4,86191 2,70827
355-360 16,68 83,23 0,24 3,54949 1,97749
360-365 16,47 83,45 0,21 3,27300 1,86616
365-370 17,75 82,10 0,35 3,40899 1,91402
370-375 16,26 83,59 0,35 3,14951 1,76108
375-380 15,52 84,33 0,36 3,02845 1,66093
380-385 16,11 83,71 0,44 3,11976 1,70853
385-390 16,47 83,08 0,84 2,99632 1,59262
390-395 15,68 83,65 1,23 2,66506 1,37632
395-400 16,14 83,41 0,84 2,75944 1,49007
400-405 15,72 83,59 1,22 2,54667 1,31497

Unit E 405-410 15,15 84,20 1,15 2,56296 1,35484
410-415 15,54 83,84 1,14 2,26116 1,19430
415-420 14,29 85,23 0,92 2,37928 1,28504
420-425 13,53 85,30 2,09 2,05676 0,98807
425-430 14,22 85,02 1,35 2,30787 1,19582
430-435 12,91 85,74 2,34 2,03884 0,96677
435-440 10,87 87,98 2,04 2,23339 1,07135
440-445 13,28 86,20 0,99 2,22006 1,17750
445-450 11,88 86,95 2,13 1,88862 0,90729
450-455 13,70 85,16 1,99 2,22941 1,06553
455-460 12,23 86,52 2,23 2,03375 0,95633
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