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Abstract 

In 2005 the piston core JM05-030-PC2 was collected from the northwest continental slope of 

Svalbard, approx. 100km of the nortwest coast at water depths of 1073m. At the study site, 

the oceanographic system is dominated by two main currents; the East Greenland Current and 

the West Spitsbergen Current. The East Greenland Current tranports cold and fresh polar 

water, and is the main transporter of sea-ice into the Atlantic Ocean. The West Spitsbergen 

Current is the northernmost limb of the North Atlantic Current, and is the main transporter of 

heat into the Arctic Ocean. Thus this area is sensitive to changes in oceanographic and 

climatic conditions. 

The object was to investigate past environmental and climate changes during the Quaternary 

Period. To achieve this goal a multi-proxy analyses was performed. The studied interval is 

from 500cm to 600cm depth in core. The methods used were; Lithological logging, magnetic 

susceptibility, shear strength analysis, water content and granulometry analysis, IRD (Ice 

Rafted Detritus) count, as well as foraminifera analyses were applied to the studied interval.  

The results indicate a colder climate than at present. The studied interval of the core is thought 

to represent ages from approximately 27,500 cal years BP to 21,250 cal years BP. The oldest 

part of the studied interval shows evidence of seasonal sea-ice and iceberg melting over the 

site, while the youngest (top) part of the studied interval is indicative of possible perennial 

sea-ice cover.   A debris flow unit towards the top of the core might indicate peak glaciation 

of the northwestern Svalbard continental shelf. Down-slope movement of sediments are most 

active during full glaciation of the shelf area. When compared to previously published data;  

IRD concentration, lithology, magnetic susceptibility, and the general lack of foraminifera in 

the top of the core point to a depositional timing of the Last Glacial Maximum. 
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Útdráttur 

Árið 2005 var stimpil kjarninn JM05-030-PC2 tekinn úr norðvestur landgrunnshlíð Svalbarða 

á 1073m dýpi. Rannsóknarsvæðið er áhugavert í ljósi þess að þar mætast Austur-

Grænlandsstraumurinn og Vestur-Spitsbergenstraumurinn. Austur-Grænlandsstraumurinn 

flytur kaldan og ferskan sjó og er helsti flutningsstraumur ísjaka til Atlantshafsins. Vestur-

Spitsbergenstraumurinn er nyrsta grein Norður-Atlantshafsstraumsins og er helsti varmagjafi 

Norður-Íshafsins. Má því búast við að breytingar á streymi kaldra og hlýrra hafstrauma séu 

skráðar í sjávarsetlög á svæðinu. 

Tilgangur rannsóknarinnar var að afla upplýsinga um loftslags- og umhverfisbreytingar 

Kvarter tímabilsins á háum breiddargráðum. Rannsökuð voru loftlags- og umhverfisháð gögn 

úr sjávarsetkjarna JM05-030-PC2. Þær aðferðir sem notaðar voru; jarðlagslýsing, 

segulviðtaksmælingar, skerstyrksgreining, mæling á vatnsinnihaldi, kornastærðargreining, 

talning hafísbornra korna, götunga talning og tegundagreining. Lengd kjarna JM05-030-PC2 

er 8 m en í þessari rannsókn var dýptarbilið 5-6 m skoðað. 

Niðurstöðurnar benda til töluvert kaldara loftslags en nú og þróunar frá köldu loftslagi til enn 

kaldara loftslags. Set á umræddu dýptarbili (500 – 600 cm) er talið hafa sest til fyrir 27,500-  

til 21,250 árum (kvörðuð ár). Elsti hluti dýptarbilsins (600cm) sýnir vísbendingar um 

árstíðabundna hafísþulu og ísjaka yfir rannsóknarsvæðinu en yngsti hluti dýptarbilsins (500 

cm) bendir til þess að hugsanlega hafi hafís hulið rannsóknarsvæðið allt árið um kring. 

Ofarlega í kjarnanum er völuberg sem talið er að hafi sest til úr aurskriðu. Við hámark síðasta 

jökulskeiðs voru aurskriður og eðjustraumar algengir á vestur landgrunnshlíð Svalbarða. 

Völubergið gæti verið tákn um hámark síðasta jökulskeiðs, þegar jöklar náðu að 

landgrunnsbrún Svalbarða. Að auki benda niðurstöður úr kornastærðargreiningu, segulviðtaks 

mælingum og greiningu á götungum og hafísbornu efni til kaldara loftslags og nálægðar 

jökuls. 
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1 Introduction 

Since logistical problems- and problems related to the harsh conditions in the Arctic were 

overcome it has been a key area of research. The Arctic is highly sensitive to climate change 

and has a more pronounced reaction to them than areas of lower latitudes. During the 

Cenozoic Era, especially the Quaternary Period, Svalbard and adjacent areas have been 

repeatedly covered by ice-sheets. The Last Glacial Maximum (LGM) reached its peak around 

23,820±260 cal years BP, when glaciers reached the shelf edge west of Spitsbergen (Jessen et 

al., 2010). The glacial – interglacial variation is generally considered to be caused by 

Milankovitch cycles (astronomic cycles), which are changes in orbital configuration. There is 

a complex reaction in earth’s climate to the Milankovitch cycles, and its dynamics are yet not 

fully understood (Berger et al., 1984).  

The study site is bordered by relatively warm and saline Atlantic Water and colder and less 

saline Polar Water. The interplay of these waters influences the type and rate of 

sedimentation, ecosystem assemblages, and local climatic conditions prevailing at each time. 

The Arctic plays an important role in the global thermo-haline cycle. Close to the study site, 

in the Fram Strait, Atlantic water convection into cold, dense deep water occurs, a key factor 

in the thermo-haline cycle (Stein, 2008).  The system has changed through time as a response 

to climate change. It has been proposed that during glaciations this system experiences a 

southward shift, and a weakened convection (Ślubowska et al., 2007).  

The aim of this study is to provide a multiproxy approach to reconstruct climatic variability 

and paleo-environmental conditions on the NW Svalbard Slope. The study is based on a 

piston core from the northwestern Svalbard slope retrieved in the year 2005 with RV Jan 

Mayen, at 79° 39´ 273´´ N and 6° 35´ 607´´ E. The site is approximately 100km of the NW 

Svalbard coast, where water depth reaches 1073 m. In total, the core retrieved was 8m long 

but the studied interval is between 500- and 600cm depth (in core). The core is described from 

bottom to top (600 – 500cm) to interpret changes according to the timeline, and when specific 

core depths are mentioned it is important to remember that 0cm is 600cm depth in core, and 

100cm is 500cm depth in core. Lithological logging, magnetic susceptibility and, shear 

strength analysis were performed in addition to, water content measurements, granulometry 

analysis, as ice rafted detritus (IRD) investigation and foraminifera analyses  were applied to 

the interval. These methods give us an array of information and have been successfully used 

to describe paleo-sedimentary and oceanographic conditions and processes (Jessen et al., 

2010; Mangerud et al., 1998, etc.). 
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2 Geological Setting 

The study area is on the continental slope northwest of Spitsbergen at 79° 39´ 273´´ N and 6° 

35´ 607´´ E, at water depths of 1073m (Figure 2.1). A piston corer was used to retrieve the 

analyzed core, which was given the name JM05-030-PC2. The area is close to the Fram Strait 

and the Yermak Plateau. The Fram Strait started opening at around 53-56 Ma but only about 

17 Ma it became deep enough to act as a deep-water passage (Stein, 2008). It is crucial 

because it is the only deep connection between the Arctic Ocean to the World Oceans. The 

opening was the result of the continued rift in the Atlantic Ocean. The Yermak Plateau is 

partly of oceanic origin, and partly thinned continental crust formed by that initial rifting 

process (Jackson, H.R., 1984). 

 

Figure:  2.1  The International Bathymetric Chart of the Arctic Ocean (Jakobsson, M., et al. 

2012, supplemented). The red dot shows the coring locality. Abbreviations used in this figure: YP, 

Yermak Plateau; FS, Fram Strait. 
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Svalbard’s western and northern continental slope is characterized by 4-5° steepness 

(Ślubowska et al., 2007), and glacially calved trough-mouth fans and inter-trough areas. The 

trough-mouth fans were formed at the terminus of fast-flowing ice streams of the Barents-Sea 

Ice-Sheet, Bjørnøya trough-mouth fan being the largest on Earth. The sediments of inter-

trough areas and trough-mouth fans are similar, but the rate of deposition is different. 

Sediments accumulate much faster in the trough-mouth fans (Stein, 2008). Sedimentation 

from the continental rise to the continental shelf of Svalbard is referred to as hemipelagic 

sediments. Hemipelagic sediments are mainly terrigenous sediments that come from 

weathering and erosion of rocks on land and are deposited to rapidly to chemically react to 

seawater, and therefore, their composition can tell us their origin and allow for reconstruction 

of ice-sheet location during glacial advances (Andersen et al., 1996). The sediments are 

mainly of Late Pliocene and Quaternary age (Jessen et al., 2010), and a large part of them 

have a glaciogenic origin. 

A variety of sedimentary processes occur on the continental slope but are dominated by mass-

transport, ice rafted debris, and to some degree biogenic sediments. During glaciations; 

glaciers and rivers supply terrigenous materials to the shelf edge, which builds up, becomes 

unstable and fail (Pinet, 2009). Slumping, debris flows and turbidity flows are the types of 

mass movement down the continental slope. A slump is when sediments slide down-slope as 

an intact mass with little or no internal deformation. Debris flows are slurries of all grain sizes 

that destroy any previous bedding. Turbidity currents are sediment-laden waters that move 

downslope under gravity and their turbulent underflows push aside less dense waters. As 

turbidity currents erode sediments the flow becomes denser and the current is accelerated 

(Marshak, 2008). Turbidity currents cut canyons on the continental shelf and form deep-sea 

fans at the mouths of slope canyons as they enter the deep sea basins. They are most active 

when sea level is low, during cold-periods (Pinet, 2009).
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3 Oceanography 

The Svalbard archipelago, situated between 76° and 81°N, is bordered by the Arctic Ocean to 

the north, the Barents Sea to the south and east, and the Norwegian Sea to the west (Figure 

3.1). Surrounding these islands five main water masses are found: Transformed Atlantic 

Water, Local Water, Winter-cooled Water, Intermediate Water and Surface Water (Hald & 

Korsun, 1997). At the study area not all of these water types are present since some of them 

are confined to fjords or fjord troughs (Hald & Korsun, 1997). 

 

In the Fram Strait two main currents meet, the West Spitsbergen Current and the East 

Greenland Current (Fig 3.1). The East Greenland Current is the main transporter of sea ice 

and icebergs into the Atlantic. The West Spitsbergen Current is a northward extension of the 

North Atlantic Current, and is the main transporter of water volume and heat to the Arctic 

 

Figure:  3.1 Core site is marked by the red dot. Map showing the main current system of the region. 

Polar Front (dashed line), average winter (dotted line) and summer (dashed-dotted line) sea ice 

margin. Dark grey currents are warm Atlantic-derived currents, light grey currents indicate colder 

currents. (Ślubowska et al., 2005, supplemented). Abreviations are NAC, North Atlantic Current; 

WSC, West Spitsbergen Current; ESC, East Spitsbergen Current; EIC, East Icelandic Current; EGC, 

East Greenland Current; NCaC, North Cape Current; JMC, Jan Mayen Current; SB, Svalbard 

Branch; YB, Yermak Branch; and NA, Nordaustlandet. 
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Ocean (Ślubowska et al., 2007). It transports Transformed Atlantic Water which is 

characterized by temperatures above 1°C and salinities of around 34.7‰ (Stein, 2008). Most 

of the Atlantic Water recirculates in the Fram Strait and flows south, underlying the East 

Greenland Current (Rudels et al., 2000). Local Water and Winter-cooled water may underlie 

Transformed Atlantic Water due to the low temperatures and high salinity. Intermediate- and 

Surface Water are influenced by melt and, therefore are characterized by low salinity (Hald & 

Korsun, 1997).  At approximately 78°N the West Spitsbergen Current submerges and forms 

the Atlantic Layer in the Arctic Ocean, typically found between 200-800m depths (Stein, 

2008). It flows along the west continental shelf of Svalbard constrained by topography. When 

it reaches the northwestern corner of the archipelago it divides into two branches, the Yermak 

Branch and the Svalbard Branch (Ślubowska et al., 2005). The core site is largely influenced 

by the Yermak Branch, which is confined to the slope. The Yermak Branch flows northwest 

towards the Yermak Plateau, and is rapidly altered, losing its Atlantic Water character 

(Ślubowska et al., 2005). Above the Atlantic Water, Arctic Surface Water (34.4≤S≤34.9‰) 

and Polar Water (S<34.4‰) are present. The flow of Atlantic Water versus Polar Water has 

greatly influenced the growth and decay of ice sheets in the Svalbard-Barents Sea area. 

At the core site the main water masses are Transformed Atlantic Water, Local Water, and 

Intermediate (Arctic) Water. As described above the West Spitsbergen Current carries warm 

and saline Atlantic Water. The water volume carried by it through the Fram Strait is 

considered to be about 1 Sv (Agaard and Carmack, 1989), but further investigation on that 

matter is needed. Variations in Atlantic Water advection into the Arctic Ocean is influenced 

by climate change. During colder periods the inflow is weaker, revealed by spikes in IRD 

concentration and changes in the foraminiferal fauna (Ślubowska et al., 2005). This 

investigation will hopefully increase our knowledge on the climatic changes the study area 

experienced.
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4 Glaciological History 

Evidence for glaciations in the Svalbard archipelago date back to the Proterozoic Eon 

(Hoffman et al., 2004) but little is known about the exact timing and duration of glaciations 

prior to the Cenozoic Era. Solheim et al. (1996) came to the conclusion that at least sixteen 

glacial advances are recorded on the Svalbard shelf during the Cenozoic Era and many of 

them during the Quaternary Period.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Quaternary Period, the most recent period of the Cenozoic Era, is characterized by 

repeated extensive glaciations in high latitudes, and altitudes. Evidence for Svalbard being 

repeatedly overridden by ice-sheets is found both in the terrestrial setting and in the marine 

environment. Mangerud et al.,(1998) proposed glaciers overriding Svalbard and possibly 

 

Figure:  4.1 Glaciation curve for Svalbard and Barents 

Sea. Depicted from Mangerud et al., 1992. 

Supplemented. 
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reaching the shelf edge up to four times only in the last 150 ka. Even though the dates are 

outdated the Mangerud et al (1992) glaciation curve is widely accepted (Figure 4.1). Both 

terrestrial and marine evidence were used in its construction. The last glaciation covered the 

Barents Sea, Svalbard, Scandinavia, and other adjacent areas. This glaciation is often referred 

to as LGM; Last Glacial Maximum (Figure 4.2). It remains controversial the exact time when 

glaciers peaked in volume and total area covered, due to limited or conflicting field evidence. 

Dates used in this paper are referring to Jessen et al (2010). According to Jessen et al (2010), 

the peak glaciation occurred 23,820±260 cal years BP, when the ice reached the shelf edge, 

and the deglaciation occurred at 20,500±500 cal years BP. Both the timing of the peak 

glaciation and deglaciation are therefore occurring ca. 2500- 3000 cal years earlier than 

previously proposed.  

 

At the northwestern corner of the Svalbard archipelago, closest to the study site (79° 39´ 273´´ 

N; 6° 35´ 607´´ E), well developed submarine moraines were deposited in fjords by the LGM 

ice sheet (Liestøl, 1972). The short distance to the shelf break restricted the extent of the ice 

sheet westward. Recent studies show that only towards the end of the glaciation sea-ice cover 

increased at the northwestern Svalbard margin to become perennial (Müller et al., 2009).  

 

 

 

 

Figure:  4.2 Last Glacial Maximum ice extent (Mangerud et al., 2004) 
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5 Methods 

5.1 Lithological Log 

The surface of the core is scraped with a microscope slide to reveal a clean working surface, 

this is done from bottom to top. The sediment properties were described on a lithological log 

using Benn & Evans (2010) lithofacies code. Lithology, sedimentary facies, grain size 

distribution, particle form, structures, thickness, and other sediment properties were described 

on a log sheet. Grain size is determined on observation, feel, and taste. Sediment colors were 

described using the Munsell soil color charts (1992) (Benn & Evans, 2010). 

5.2 Magnetic Susceptibility 

Magnetic susceptibility is a special sediment 

property. It is how magnetized a mineral is 

within a magnetic field. The core was measured 

for magnetic susceptibility using a Bartington 

Magnetic Susceptibility Meter Model MS2 

(Figure 5.1). Measurements were done three 

times, first with a 1 cm interval and the second 

and third time with 2 cm intervals. After each 

measurement, the data is corrected for internal 

drift of the hardware. Changes in magnetic 

susceptibility are related to changes in mineral 

composition. Low magnetic susceptibility 

values can be attributed to biogenic material 

such as calcite, quartz feldspar and silica 

(Rothwell & Rack, 2006), but high values can 

be attributed to high concentration of magnetic 

minerals (Pirrung et al., 2002).   

 

5.3 Shear Strength 

Shear strength is a term used to describe the amount of shear stress materials can sustain 

before failing (Bartetzko and Kopf, 2006). It was measured by dropping cones of different 

weights and angle into the sediment, and then observe how deep it penetrates. How deep it 

penetrates tells us its shear strength, which is measured in kPa. A GeoNor Fall-cone 

Penetrometer was used, with four different types of cones:  10g weight with 60° angle, 60g 

weight with 60° angle , 100g weight with 30° angle , and 400g weight with 30° angle. The 

average depth of penetration was recorded for the left and right side (middle if necessary)of 

the core at 2-3 cm intervals. The average penetration is converted to kilopascals using a 

calibration table (Hansbo, 1957). 

Figure:  5.1 Bartington MS2E high 

resolution surface scanner (source: 

www.bartington.com) 
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5.4 Water Content 

The ten sampling points at; 97 cm, 86 cm, 82 cm, 72.5 cm, 58 cm, 46 cm, 34 cm, 19 cm, 10 

cm, and 1.5 cm, were selected based on changes in lithology, magnetic susceptibility and 

shear strength. Samples were extracted with an 8ml syringe. Each sample was stored in a 

previously weighted beaker, the wet weight was measured, and then left to dry for 24 hours in 

at approximately 60°C. When dry, the samples were weighted again and from the difference, 

the percentage of water in samples was calculated using the following formula: 

Wc =  * 100. 

Where: Wc = water content percentage 

5.5 Granulometry 

The same ten samples from the water content measurements were sieved with three different 

size fractions:  >1mm; 0.1-1mm; and 0.063-0.1mm. Grain sizes smaller than 0.063mm (mud), 

were rinsed into the sink but the other three grain size fractions were stored in separate, 

previously weighted beakers and dried at 60°C for 24 hours. Then the samples were re-

weighted and percentage of each grain size fraction calculated using the following formula: 

 

Where: Gs = grain size percentage 

 S = total dry sample weight (including beaker) 

 P = empty beaker weight 

 F = sieved fraction weight (including beaker) 

 

5.6 Ice Rafted Detritus (IRD) Count 

Since the samples were sieved with a 100 μm fraction, estimations on which grains should be 

counted were made. The grains that were larger than the matrix were counted. Larger grain-

sizes are not carried by suspension to the deep sea and need a different transportation mode. 

At high latitudes, sea-ice and icebergs are transporters of larger grain-sizes into the deep-sea. 

100 IRD grains were counted from each sample in an extraction-trey that is divided into 45 

squares. By counting the number of IRD, squares, and splits, we are able to count the number 

of IRD per gram of total sample, using the formula: 

 

Where: IRDg = number of IRD grains per gram of sample 
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 N = number of squares from extraction-tray counted 

 D = dry weight of entire sample 

 I = number of IRD grains counted in sample 

 S = split coefficient (0 split=1, 1 split=2, 2 split=4 etc.)  

5.7 Foraminifera 

Foraminifera are a group of amoeboid protists. They are microfossils that form shells out of 

calcite, silica, aragonite or agglutinated particles. They have lived in the oceans since the 

Early Cambrian, and are found in all oceans today (Giere, 2009).  Their shells are made out of 

one or many chambers. Foraminifera are used as a proxy that provides a description of past 

environments, surface ocean temperature being the most important one. Certain species of 

foraminifera can withstand extreme temperature variations and different species have 

different temperature tolerance (Phleger, 1960). 

The ten samples were washed and dried and if necessary separated, depending on the size of 

the sample. The samples were studied under a Leica Mz 95 binocular microscope on an 

extraction tray. In each sample the aim was to count 100 specimens, but in poor samples the 

entire foraminiferal population was counted, and in rich samples only a part of it. The results 

were plotted on graphs where occurrences of species were both listed as total nr. of specimens 

within one gram of sediments and total counted population portrayed in a table. Range charts 

were plotted, for the most abundant species. Range charts show the vertical distribution and 

abundance of the different species throughout the core, thus clearly illustrating the faunal 

changes which occur (R.W. Feyling-Hansen, 1964). Number of Foraminifera per sample was 

found using the formula:  

 

Where: Fg = number of Foraminifera per gram of sample 

 N = number of squares from extraction tray counted 

 D = dry weight of entire sample 

 F = number of Foraminifera counted 

 S = split coefficient (0 split=1, 1 split=2, 2 split=4 etc.) 

The percentage composition of each species at each sampling site was calculated 
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6 Results 

As previously mentioned, the core is described from bottom to top (600 – 500cm) to interpret 

changes according to the timeline, and when specific core depths are mentioned it is important 

to remember that 0cm is 600cm depth in core, and 100cm is 500cm depth in core. 

6.1 Lithological Log 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure:  6.1 Core JM05-030-PC2 logged. Abreviations are Fm(d), 

Massive mud with rare dropstones; Fmd; Massive mud with dropstones; 

Gm; Clast-supported gravel; and Ms, Muddy sand. Sample sites are 

indicated with dashed red lines. 
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In general the core is mainly composed of massive mud with frequent dropstones and sand 

lenses. Two coarse layers stand out: the first 10 cm are largely composed of fine-grained sand 

with a gradual boundary to the overlying unit; and between 85-90cm is a clast-supported 

gravel that has an erosional lower boundary and a sharp contact with the overlying mud 

(Figure 6.1). The clasts have a diameter of up to 2cm, and no glacial striae was found on any 

of them.  A few mottles are found which indicate organic activity. Three main colors observed 

were: dark greyish brown; olive grey; and dark grey, but color of the clast-supported gravel 

layer could not be identified because each clast had a unique color. 

6.2 Magnetic Susceptibility 

 

Figure:  6.2 Results from magnetic susceptibility analysis. 

Three MS measurements (Figure 6.2) were done on this part of the core. The first 

measurement was done with 1 cm interval and the second two with 2 cm intervals. The first 
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measurement is not valid, because the values were extreme and the range to big. Furthermore, 

a minus value was observed during that measurement. The second two measurements gave 

more similar values and the plotted graphs looked very similar, peaks and drops in magnetic 

susceptibility occurred at same places. The average of the latter two measurements was 

calculated and plotted on a graph. The graph shows a value range of 19 – 116 Si, the average 

being 38 Si. There is a definite peak at 74 cm (Figure 6.2) and some smaller peaks at 96-, 92-, 

84-, 78-, 56-, and 50cm. Numerical results from the measurement are portrayed in a table in 

Appendix B. 

6.3 Shear Strength 

 

Figure:  6.3 Results from shear strength analysis. 
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The average shear strength of the sediments was 64 kPa. The value range was from 34 kPa to 

132.5 kPa (Figure 6.3).  At 4 cm the shear strength was measured 74 kPa, from there to 10 cm 

it drops to 34 kPa, and then it gradually rises to 40 cm where it is measured 88 kPa. Overall 

from 40 cm to 76 cm the values drop to 48.5 kPa but rises from there to its highest peak at 87 

cm where the shear strength is measured 132.5 kPa. From 87-95 cm the values drop but rise 

again in the top 5 cm of the core (Figure 6.3). Numerical results are portrayed in a table in 

Appendix C. 

6.4 Water Content 

 

Figure:  6.4 Results from water content analysis. 

The percentage of water in the sediments ranges from 15% to 37% (Figure 6.4). In the first 10 

cm of the core the water content rises from 25% to 36%. From 10 cm up to 85 cm the water 
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content gradually drops to 15%, except for a peak of 27% at 82 cm. From 85% towards the 

top of the core it rises again, reaching 30%. Numerical results are portrayed in Appendix D 

6.5 Granulometry 

 

Figure:  6.5 Results from granulometry analysis. 

As the graph shows (Figure 6.5), the core is mainly composed of mud. The mud percentage is 

low in two cases; 0-10 cm and 82-95 cm. At 86 cm there is a higher percentage of >1mm- and 

0.1-1mm fraction than mud. In the bottom the mud percentage drops to 73% and the 0.1-1mm 

grain size fraction increases. Numerical results are portrayed in a table in Appendix E. 
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6.6 Ice Rafted Detritus (IRD) 

 

Figure:  6.6 Results from IRD count. 

Ice rafted detritus is found throughout the core (Fig 6.6). Two peaks are easily identified on 

the plotted graph. The peaks are found at 82-86 cm depth in core and in the very bottom of the 

core. 
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6.7 Foraminifera 

The total number of counted specimens was 548, and 

twelve different species were identified. The samples 

were either very rich or almost empty. In the top four 

samples (97 cm, 86 cm, 82 cm, and 72.5  cm) three 

different species and only seven specimens were 

identified. The next four samples (58 cm, 46 cm, 34 cm, 

and 19 cm) were, however, very rich in foraminifera, 

reaching 910 foraminifera per gram at 58 cm. Then the 

foraminiferal amount drops at 10 cm, but rises again in 

the very bottom of the core (1.5 cm). The most abundant 

species were N. Pachyderma, E. Excavatum (Figure 6.7) 

and I. Helenae. The total number of foraminifera is 

displayed in Appendix A, and the total count of the three 

most common ones was plotted on a graph (Figure 6.8). 

 

 

Figure:  6.8 Distribution of the most common foraminifera throughout the coring interval. Dashed 

lines indicate sampling sites. 

The total number of foraminifera per gram of sediment varied dramatically throughout the 

core (Figure 6.9).  In the lowermost 35 cm of the core, foraminifera per gram of sediments 

varied from 0-200 specimen’s g
-1

, from there on it rises dramatically and reaches its peak at 

58 cm height in core. At 58 cm height in core 910 individuals per gram was observed. From 

58 cm upwards it decreases and in the top 30 cm only seven specimens were found. 

As appendix A clearly displays, of the 12 different species, the fauna is dominated by three 

species: Neogloboquadrina pachyderma, Elphidium excavatum, and Islandiella helenae. 

Those three combined constitute 92.5% of all counted specimens. The other nine species are 

 Figure:  6.7 E. Excavatum (Hald and 

Korsun, 1997) 
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too few to have an impact on the interpretation of the faunal assemblage, and are therefore 

only listed in appendix A. 

 

Figure:  6.9 Foraminifera per gram of sediment.  
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7 Discussion 

 
Figure:  7.1 Composite log of core JM05-030-PC2 500-600cm depth down core.
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As previously described the lithology of the core is mainly composed of mud with dropstones 

and small sand lenses, except for two coarser units at 0-10 cm and 85-90 cm. Coarser grain 

sizes than mud that cannot be carried by suspension, are most likely deposited either by mass 

movement or as melt-out from ice. Sea ice usually doesn´t contain grain sizes larger than fine 

sand (Stein, 2008), therefore only the fine-grained small sand lenses could have been 

deposited from sea ice. However, icebergs can carry any type of grain sizes, and could be 

responsible for the high frequency of dropstones in the core, and possibly the sand lenses as 

well. The coarse layer at 85-90 cm is a clast-supported gravel that contains up to pebble-sized 

clasts (Figure 7.1). It has an erosional contact with the underlying unit. The erosional contact 

and the thickness of this layer suggests a transportation by a debris-flow. The lower coarse 

unit (between 0-10 cm) is composed of mud and fine sand, and is a fining-upwards sequence 

gradually incorporated into the unit above. The lower contact of the unit is missing. Transport 

mode cannot be decided simply on grain size, but it is likely that it was either deposited by 

mass movement or as melt from ice. The thickness of the layer and the fining-upwards 

lithology might indicate dropout from turbid currents. Turbidite deposits have been previously 

described from Arctic Ocean basins as fining-upwards sequences (Stein, 2008). The weak 

lamination, however, indicates a slower deposition and a different transport mode. Debris 

flows, slides, and turbidity currents are most active during glaciations, when sea-level remains 

low, and glaciers or glacier rivers supply large volumes of sediment to the shelf edge (Pinet, 

2009), resulting in excess pore pressure in the underlying sediments, and within a few 

centuries they reach a critical pressure and the upper slope becomes unstable (Dimakis et al., 

2000). According to Jessen et al. (2010), most cores from the western Svalbard slope 

penetrate into mass transported sediments from glacigenic debris-flow events and turbidity-

flow events that cluster around LGM, when the ice reached the shelf edge. 

The results from the granulometry are straight forward and support the lithological log. The 

results show an increase in the >1mm grain size fraction for the two coarse units and the rest 

of the core being mainly composed of mud. The lower (0-10 cm) coarse unit was given the 

lithofacies Ms (muddy sand) based on the results from granulometry analysis (Figure 7.1). 

There seems to be a clear correlation between grain size and water content (Figure 7.1). Less 

water is present in the coarser units and more in the fine-grained units. Larger grain sizes 

loose water easier than finer grain sizes (Danovaro, 2009). It has to be taken into account that 

6 years have passed since the coring took place, during that time some water must have 

escaped.   

Magnetic susceptibility is how magnetized a mineral is within a magnetic field. The magnetic 

susceptibility of grains can tell you how much magnetominerals (mainly magnetite and 

titanmagnetite) the sediments contain and possibly their terrestrial origin (Stein, 2008). The 

changes in composition can be linked to a changing environment or depositional processes.  

Ice rafted debris tends to form high readings on magnetic susceptibility graphs, but that is not 

universal (Pirrung et al., 2002). Magnetic susceptibility is partly dependent on oceanography 

and glacial proximity. Sediment density, affected by glacial activity, influences the magnetic 

susceptibility (Hillenbrand et al., 2009) as well as mass-transportation and melt-water plumes 

that are frequent on glaciated margins (Jessen et al., 2010). The magnetic susceptibility values 

for this core were generally around 40 SI, except for one peak reaching 115.7 SI (Figure 7.1). 

The high magnetic susceptibility points towards an increase in ferromagnetic sediment, that 

might be due to an increase in IRD, however it is difficult to correlate between the two 

(Figure 7.1). According to Jessen et al. (2010) magnetic susceptibility for LGM deposits are 

higher and more variable. What is interesting is that the coarser units (85-90 cm and 0-10 cm; 
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Fig 7.1) shows low readings in magnetic susceptibility. The glacigenic mass-transport units 

described in Jessen et al., (2010) all have low and nearly constant values on magnetic 

susceptibility charts. These events all cluster around 23,820±260 cal years BP, and are 

thought to represent when the western Svalbard shelf became glaciated. The clast-supported 

gravel unit in core JM05-030 PC2 might be the discussed mass-movement deposit that 

represents glaciation of the western Svalbard shelf. No obvious reason was found for the 

magnetic susceptibility peak at 74 cm (Figure 7.1).  

 

Figure:  7.2 
14

C cal age models for the stacked MS-chronology.(Jessen et al., 2010, supplemented) 

Red dashed line showing base of  the studied interval and blue dashed line showing top of the studied 

interval. 

Previously published work on core JM05-030-PC2 is in Jessen et al.(2010), who created a 

calibration curve using magnetic susceptibility, lithology and AMS 
14

C dating (Figure 7.2). 

According to this calibration curve, the studied interval represents ages from approximately 

27,500 cal years BP to 21,250 cal years BP. The curve represents average values from 

different coring localities, and therefore does not give absolute ages, rather an approximation. 

If it is correct, then the sedimentation rate for the coring locality is about 16cm per 1,000 

years, and further enhancing the idea that the clast-supported gravel might represent peak 

glaciation, which occurred approx. 23,820±260 cal years BP.  

Shear strength is dependent on many different factors, those factors mainly being: mineral 

composition, grain size, water content, void ratio, and structure. Core depth has to be taken 

into account, with increasing core depth the more compaction the sediments experience 

(Jakobsson et al., 2001). As mentioned previously JM05-030-PC2 was retrieved six years 

ago, in that time some of the water must have escaped, which undoubtedly affects the shear 

strength. More water content usually means less shear strength. Therefore, some of our values 

might be misleading. The shear strength of the core is generally high, especially in the two 

coarse-grained units (Figure 7.1). Changes in shear strength have been used to identify 
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sediment boundaries (Matthiessen et al., 2010). This is true for most of the boundaries 

described in the lithological log (Figure 7.1). Magnetic susceptibility and shear strength can 

be sufficiently correlated in the core, except for the highest measurements (Figure 7.1). 

As said previously IRD (Ice Rafted Detritus) is indicative of sea-ice and/or icebergs melting 

over the site. Increases in IRD relate to enhanced calving due to ice sheet disintegration or 

ice-sheet advance (Svendsen & Mangerud, 1997). When ice-sheets advance across coastlines, 

calving of icebergs is initiated, which transport glacially eroded sediments far out into the sea. 

Sea-ice is also a transporter of IRD. In the Arctic Ocean and its adjacent seas, dirty ice is a 

common phenomenon (Stein, 2008). Silt and clay-sized material is the dominant type of grain 

size found in sea-ice, and sand only accounts for 10%. According to Stein (2008) on average 

sea-ice is responsible for 23% of sedimentation in the Arctic Ocean. Large quantities of sea-

ice are transported with the Transpolar Drift Stream to the Fram Strait, close to the study site. 

Glacial history of Svalbard is closely mirrored by IRD content of marine cores (Mangerud et 

al., 1998). The IRD amount in the core is generally high, reaching its highest peak of 507 

IRD/g at 82-86cm (Figure 7.1). Larger grain sizes of the coarse units (0-10cm; 85-90cm) 

could be derived from mass-movement, and therefore might have been misinterpreted as IRD. 

Weak lamination described in the 0-10cm unit indicates a slower mode of deposition than 

mass-movement, supporting deposition by ice-rafting. Grains of the clast-supported unit (85-

90cm) were probably misinterpreted as IRD, however sampling 3cm under that layer (82cm) 

gave just as high concentration of IRD (507 IRD/g) indicating that at the time of mass-

movement deposition, the site was increasingly covered by dirty sea-ice or icebergs. 

Almost no foraminifera were identified in the top 25cm of the core (Figure 7.1), indicating a 

low preservation potential or unfavorable oceanic conditions. Since foraminifera is found in 

greater quantities down-core the latter suggestion is more probable. However, no agglutinated 

foraminifera were identified which indicates a low preservation potential for the agglutinated 

fauna for the entire core. Conditions for foraminiferal growth are less favorable during 

glaciation and deglaciation (Ślubowska et al., 2005). From 0-85cm the foraminiferal 

population increases, except for a sharp drop at 10cm (Figure 7.1). Twelve different species 

(table) of foraminifera were identified, but only 3 species constitute the bulk of them. Those 

three species are Neogloboquadrina pachyderma, Elphidium excavatum, and Islandiella 

Helenae. 

Planktonic foraminifera in the Arctic Ocean are largely represented by Neogloboquadrina 

pachyderma. The presence of Neogloboquadrina pachyderma indicates seasonally open seas 

to even constantly open seas. This species has a broad tolerance for sea surface temperature 

and prefers low surface salinities. The species is known for its two coiling variants. The left-

coiling (sinistral) variant is frequent in cold water masses and has been found living in sea ice 

(Spindler, 1990).  

Elphidium Excavatum is a cold-loving species often found close to glacier terminus where 

turbidity currents provide sufficient amount of nutrients (Korsun and Hald, 2000). This 

species has f. e. been found in the Quaternary of the Netherlands, Denmark, and Norway 

(Feyling-Hansen et al., 1971). Its recent distribution is thought to be Arctic-Boreal. It is one 

of the most frequent species in recent arctic faunas in the Atlantic and the Pacific (Feyling-

Hansen et al., 1971). Elphidium excavatum often co-exists with Cassidulina reniforme close 

to glacier terminus (Korsun and Hald, 2000), where there is enough freshwater input and 

salinity is low (Feyling-Hansen 1964). This co-existence has been described from fjords of 

both Svalbard and Greenland (Korsun and Hald, 2000; Jennings and Helgadóttir, 1994). None 
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such co-existence is found in this core, and very few specimens of Cassidulina reniforme 

were identified.  

Islandiella helenae co-exists with Elphidium excavatum in the studied interval and there 

seems to be an abundance relationship between them. When there is a rise in Elphidium 

excavatum, Islandiella helenae follows in smaller quantities (Figure 6.8). Islandiella helenae 

is mainly dependent on food supply and is often found near the sea-ice edge where it feeds on 

algal blooms (Steinsund, 1994). It has been described from fjords in Svalbard where it co-

exists with Nonion labradorica. Those two species are often found more distal to glacier 

terminus than Elphidium excavatum (S. Korsun & M. Hald, 2000) and at greater depths. No 

co-existence of Islandiella helenae and Nonion labradorica was found.  

The co-existence of the three species indicate seasonally open seas, not constantly due to IRD 

concentration, close to an ice-sheet or the sea-ice edge with advection of saline Atlantic 

Waters and conditions for organic productivity. When the top 30cm of the core was deposited 

conditions for foraminiferal growth were not present and from the amount of IRD, perennial 

sea-ice condition is a possibility. 
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8 Conclusion 

Clear indicators of a colder environment than at present are found in the core. When the data 

is compiled, it is possible to see an evolution from a distal sea-ice environmental setting up to 

possible perennial sea-ice conditions.  

The IRD- and dropstone concentration of the core points to frequent sea-ice and icebergs 

melting over the site. IRD reaches peak concentration in the top of the core where almost no 

specimens of foraminifera are found, enhancing the possibility of perennial sea-ice conditions 

unfavourable for foraminiferal growth.  

The three main species of foraminifera; N.pachyderma, E.excavatum, and I.helenae indicate 

seasonnally open seas, close to sea-ice and/or glacier terminus with prevailing advection of 

Atlantic derived water masses. The overall scarcity of foraminifera indicates harsh conditions 

and the general lack of them in the top 25cm of the core points to unfavourable conditions for 

their growth. There may have been continual sea ice coverage during the time deposition of 

the top section and a weakened convection of Atlantic Water. 

The clast-supported gravel at 85-90cm shows evidence of deposition by mass-movement 

down the slope. No obvious bedding was observed, indicating deposition by a debris-flow. It 

shows low readings in magnetic susceptibility. Previous study (Jessen et al., 2010) have 

shown that cores from the western slope of Svalbard penetrate glacigenic mass-movement 

deposits, with low magnetic susceptibility that were deposited around peak glaciation of the 

Svalbard-Barents Sea ice-sheet. At that time the ice-shelf reached the shelf edge, feeding it 

with sediments, resulting with frequent down-slope movement of sediments. If the clast-

supported gravel of the studied interval represents peak glaciation of the northwestern 

Svalbard slope it can be correlated to other dated cores, dating the unit to approx. 23,820±260 

cal years BP. 

It was difficult to establish a correlation between magnetic susceptibility and the other 

methods. The most interesting features were, firstly, the low readings of the clast-supported 

gravel, because in general it is thought that magnetic susceptibility gives high readings for 

terrestrial sediments, and secondly how the main part of the core had a similar trend to shear 

strength. 

A clear correlation is established from the results from granulometry and water content. 

Smaller grain sizes contain greater amount of water than the large ones. Water content also 

affects shear strength. The shear strength is low when the sediments are water rich and 

composed of small-grained material. It is possible to use shear strength as a tool for 

diagnosing sediment boundaries due to the effect grain-size has on it. 

If the stacked magnetic susceptibility chart from Jessen et al (2010) is correct, then the core 

interval represents ages from approximately 27,500 cal years BP to 21,250 cal years BP, and a 

sedimentation rate of 16 cm per 1,000 years. 
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Appendix A 

Depth 
(cm) 

N. 

pachyde

rma 

E. 

excavatu

m 

I. 

helena

e 

C. 

lobatul

us 

C. 

renifor

me 

T. 

quinquelo

ba 

N. 

labrador

ica 

G. 

bulloid

es 

S. 

loebli

chi 

Quinquelocu

lina 

E. 

hallanden

se 

H. 

orbicul

are 

Total 

97 0 

 

0 0 0 0 0 0 0 0 0 0 0 0 

86 0 0 0 0 0 0 0 0 0 0 0 0 0 

82 3 0 1 0 0 0 0 0 0 0 0 0 4 

72.5 

 

1 1 1 0 0 0 0 0 0 0 0 0 3 

58 81 17 3 2 2 0 0 0 0 0 0 2 107 

46 67 18 6 8 0 0 0 0 0 0 0 0 99 

34 78 12 2 2 0 5 0 0 2 0 1 0 102 

19 44 27 20 1 1 5 6 1 0 0 0 0 105 

10 2 2 1 0 0 0 0 0 0 1 0 0 6 

1.5 113 3 4 1 0 0 0 0 0 1 0 0 122 

Table:  1 Diagnosed Foraminifera and their frequency in core. 
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Table:  2 Magnetic susceptibility results 

Position 
(cm) 

Measurement 
1 

Measurement 
2 

Measurement 
3 

Av. Measurement 1 
& 2 

1 23,2 
   2 28,7 24 27,4 25,7 

3 21 
   4 18,3 19,9 19,8 19,9 

5 18,2 
   6 18,1 19,8 20,8 20,3 

7 18,6 
   8 18,8 20,4 21,4 20,9 

9 18,3 
   10 18,1 19,6 21,1 20,4 

11 18 
   12 19,2 19 20,6 19,8 

13 18,6 
   14 20,7 18,5 22,3 20,4 

15 21,5 
   16 23,2 22,4 23,8 23,1 

17 27,5 
   18 27,4 23,9 27,1 25,5 

19 28,7 
   20 33 27,9 30,2 29,1 

21 39,4 
   22 40,8 33,4 33,1 33,3 

23 42,7 
   24 40,6 33,5 39,3 36,4 

25 42,8 
   26 47,7 34,8 40,9 37,9 

27 45,3 
   28 46,7 38,2 43,5 40,9 

29 46,9 
   30 47,2 36 40,9 38,5 

31 47,4 
   32 48,8 36,5 42,3 39,4 

33 54,2 
   34 54 35,2 45,1 40,2 
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Position (cm) 
Measurement 
1 

Measurement 
2 

Measurement 
3 

Av. Measurement 1 & 
2 

35 52 
   36 50,9 29,3 44,8 37,1 

37 53,5 
   38 54,1 34,4 45,3 39,9 

39 54,2 
   40 61,9 32,5 47,6 40,1 

41 56,4 
   42 58,7 35,3 49 42,2 

43 61,2 
   44 59,9 34,3 46,9 40,6 

45 57,7 
   46 64,4 38,4 53,7 46,1 

47 81,6 
   48 70,3 39 50,7 44,9 

49 95,6 
   50 78,8 55,1 64,5 59,8 

51 70,8 
   52 67,9 38 52,3 45,2 

53 71,3 
   54 61,8 29,8 46,5 38,2 

55 76,6 
   56 76,7 45,7 69,2 57,5 

57 74,4 
   58 71,5 36,5 49,7 43,1 

59 63,3 
   60 71,3 33,5 46,8 40,2 

61 69,4 
   62 70,6 31,3 45 38,2 

63 69,6 
   64 69,7 33,6 46,6 40,1 

65 67 
   66 69,3 32,7 45,8 39,3 

 

 

 

 

 



31 

Appendix B-continued 

Position (cm) 
Measurement 
1 

Measurement 
2 

Measurement 
3 

Av. Measurement 1 & 
2 

67 77,9 
   68 72,9 39,8 52 45,9 

69 74,3 
   70 69,3 37,1 49,4 43,3 

71 66,2 
   72 66,3 34,9 48,2 41,6 

73 65,5 
   74 69,8 110,5 120,8 115,7 

75 55,2 
   76 69,8 36,4 46,7 41,6 

77 70,1 
   78 65,8 44,4 51,9 48,2 

79 66 
   80 68,8 39,7 54 46,9 

81 59,6 
   82 -2,9 40,6 46,7 43,7 

83 61,9 
   84 58,3 45,5 52,1 48,8 

85 38,6 
   86 22 17,4 32,9 25,2 

87 29,5 
   88 27,3 20 37,1 28,6 

89 28 
   90 34,7 25,8 31,9 28,9 

91 28 
   92 43,8 35 44,9 40 

93 40,2 
   94 28,4 28,7 32,1 30,4 

95 38,6 
   96 39,3 40,4 43,9 42,2 

97 35,6 
   98 228,7 35,8 38,2 37 



32 

Appendix C 

Table:  3 Shear strength results 

 

Position in 
core (cm) 

Cone type 
Pen. Right 
(cm) 

Pen. Centre 
(cm) 

Pen. Left 
(cm) 

Pen. Avg 
(cm) 

Shear strength 
(kPa) 

2 100g, 30° 3,5   4 3,75 57 

4 100g, 30° 3   3 3 74 

7 100g, 30° 5   4 4,5 44 

10 100g, 30° 5,5   5,5 5,5 34 

13 100g, 30° 4   5 4,5 44 

16 100g, 30° 4   4 4 53 

19 100g, 30° 4 4   4 53 

22 100g, 30° 3,5 4   3,75 57 

25 100g, 30° 3,5 3,5   3,5 62 

28 100g, 30° 2,5 4   3,25 68 

31 100g, 30° 3 3,5   3,25 68 

34 100g, 30° 3 3   3 74 

37 100g, 30° 2,5 4   3,25 68 

40 100g, 30° 2,5 2,5   2,5 88 

43 100g, 30° 2,5 2,5   2,5 88 

46 100g, 30° 3 2,5   2,75 81 

49 100g, 30° 3,5 3   3,25 68 

52 100g, 30° 3 4   3,5 62 

55 100g, 30° 3 3   3 74 

58 100g, 30° 3 3   3 74 

61 100g, 30° 3 4   3,5 62 

64 100g, 30° 4,5 5   4,75 41,5 

67 100g, 30° 3,5 4   3,75 57 

70 100g, 30° 3 4   3,5 62 

73 100g, 30° 4 3   3,5 62 

76 100g, 30° 4 4,5   4,25 48,5 

79 100g, 30° 4 4   4 53 

82 100g, 30° 4,5 4   4,25 48,5 

84 100g, 30° 3 5   4 53 

87 400g, 30°   3,5 6 4,75 132,5 

89 400g, 30°   7 3(100g,30°)   72,5 

92 100g, 30° 3 4   3,5 62 

95 100g, 30° 3,5 4   3,75 57 

98 100g, 30° 3 2,5   2,75 81 
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Table:  4 Water content results 

Sample 
position 
(cm) 

Beaker 
weight (g) 

Wet sample 
weight (g) 

Dry sample 
weight (g) 

H2O % 

1,5 3,373 14,88 11,097 25,42339 

10 3,276 13,609 8,61 36,73304 

19 3,379 13,316 8,738 34,37969 

34 3,402 14,606 10,037 31,28167 

46 3,272 15,597 10,74 31,1406 

58 3,274 16,376 11,432 30,19052 

72,5 3,374 16,467 12,188 25,9853 

82 3,379 16,799 12,196 27,40044 

86 3,735 12,389 10,518 15,10211 

97 3,524 8,905 6,263 29,66873 
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 Table:  5 Granulometry analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depth (cm) 
weight (entire 

sample) cup >1mm (gr) 
cup 0,1-1mm 

(gr) 
cup 0,063-

0,1mm (gr) 

97 6,263 3,73 3,4026 3,3018 

86 10,518 3,7337 3,7342 3,2999 

82 12,196 3,4033 3,3814 3,3027 

72,5 12,188 3,5236 3,3902 3,7346 

58 11,432 3,4025 3,5253 3,5222 

46 10,74 3,3616 3,4014 3,2753 

34 10,037 3,3048 3,2692 3,7315 

19 8,738 3,2741 3,2723 3,3021 

10 8,61 3,2752 3,5249 3,3082 

1,5 11,097 3,2744 3,3854 3,7415 

Dry weight 

>1mm with cup 
(gr) 

0,1-1mm with cup 
(gr) 

0,063-0,1mm with cup 
(gr) 

3,739 3,863 3,721 

7,19 7,064 4,222 

3,833 5,181 4,623 

4,442 4,452 4,962 

3,451 4,196 4,557 

3,429 3,789 4,241 

3,335 3,628 4,816 

3,2741 3,382 3,811 

3,286 3,744 3,734 

3,336 5,513 4,458 

Depth 
(cm) 

weight (entire 
sample) 

>1mm 
(gr) 

0,1-1mm 
(gr) 

0,063-0,1mm 
(gr) 

<0,063mm 
(gr) 

97 6,263 0,009 0,4604 0,4192 5,3744 

86 10,518 3,4563 3,3298 0,9221 2,8098 

82 12,196 0,4297 1,7996 1,3203 8,6464 

72,5 12,188 0,9184 1,0618 1,2274 8,9804 

58 11,432 0,0485 0,6707 1,0348 9,678 

46 10,74 0,0674 0,3876 0,9657 9,3193 

34 10,037 0,0302 0,3588 1,0845 8,5635 

19 8,738 0 0,1097 0,5089 8,1194 

10 8,61 0,0108 0,2191 0,4258 7,9543 

1,5 11,097 0,0616 2,1276 0,7165 8,1913 
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Appendix E-continued 

Depth 
(cm) >1mm % 0,1-1mm % 0,063-0,1mm % mud% TOTAL (%) 

97 0,143701102 7,351109692 6,693277982 85,81191122 100 

86 32,86081004 31,65810991 8,766875832 26,71420422 100 

82 3,523286323 14,75565759 10,82568055 70,89537553 100 

72,5 7,535280604 8,711847719 10,07056121 73,68231047 100 

58 0,424247726 5,866864941 9,051784465 84,65710287 100 

46 0,627560521 3,608938547 8,991620112 86,77188082 100 

34 0,300886719 3,574773339 10,80502142 85,31931852 100 

19 0 1,255436027 5,823987182 92,92057679 100 

10 0,12543554 2,544715447 4,945412311 92,3844367 100 

1,5 0,555104983 19,17274939 6,456700009 73,81544562 100 
 


