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NOTE TO READER:

The valley and many geographic features in andrat e valley are named after the
Swedish taxonomist, Carl von Linné. In this stlidgfer to these features by their
Norwegian names, which combine Linné with the Nagi@a noun. Thus, “Lake Linné”
is Linnévatnet, “Cape Linné” is Kapp Linné, “Valléynné” is Linnédalen, “Glacier
Linné” is Linnébreen, and “River Linné” is Linnéealv



ABSTRACT

Linnévatnet is a High Arctic glacier-fed lake ingfivard in which past climatic
characteristics are recorded in laminated lakensexdis that likely span the past 9,000
years. The laminae are comprised of annual teroigeouplets consisting of distinct
coarse summer and fine winter layers. Previoudiessun similar proglacial lakes
throughout the Arctic and alpine regions have aeieed that varves of this type may
record an archive of past weather and climatiagrices in the catchment area.

Sedimentation in Linnévatnet has been studied €20608 using sediment traps and
instruments deployed yearly and seasonally. Tdpstwere deployed at five locations in
the lake proximal and distal to the major inletpPeding on the water depth at each
location two to five traps were attached moorimgé$.

In the sediment traps, the summer melt season setliswrepresented by distinct coarse
sediment events reflecting meltwater pulses, théty of which are constrained by time
lapse photography and loggers on the moorings. fifdteand coarsest (26 microns)
grained sediment pulse was deposited on July 203, coinciding with peak
snowmelt discharge. Subsequent events appeareagI2 — 14 microns) graded
laminae in the traps and are associated with sithigh discharge events in mid-July.
The fine winter layer (5 — 8 microns) coarsenshdligupward and reflects quiet winter
sedimentation.

Sediment stratigraphy and grain size trends in 20R@08 were compiled with sediment
trap analyses back to 2003 to form a compositerdettocompare with lake bottom
deposition as reflected in sediment cores recovadgtent to the moorings. Thin
sections of laminated sediments from the coredaisppmplex summer layer
stratigraphy with multiple sedimentation units asrsin the sediment traps. Correlation
between distinct units in the thin sections andrsedt traps was attempted to evaluate
climatic and environmental conditions responsit@pasition of recent varved sediments.
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CHAPTER ONE

| NTRODUCTION




1.1— Purpose & Overview

With the prognosis of climate change throughoutriévet century due to the current
warming trend, it is critical to study current emmrimental systems to understand the
impacts of recent climate change (IPCC, 2007). &ocalimate processes are
influencing the present environmental systems éAfctic. The purpose of this study is
to monitor modern sedimentation processes in Liatréat, a High Arctic lake. The
sediment record is used as a proxy for climatecatdrs.

Linnévatnet is a glacier-fed lake in Svalbard inakhpast climatic characteristics
are recorded in laminated lake sediments thatfigpan the past 9,000 years. The
laminae are comprised of annual couplets whichisbngtwo distinct seasonal layers, a
summer and a winter. Previous studies in simitaglacial lakes throughout the Arctic
and alpine regions have determined that varvesateliweather and climate influences in
the catchment area (Leeman & Niessen, 1994, Madgeisvendsen, 1990, Snyder et al,
2000,).

Svalbard Research Experience for Undergraduates\Runded by the National
Science Foundation, has studied glaciers, meltsyvgtiteams, and sedimentation in lakes
in relation to climate change (Werner, 2007). Fstudents have previously analyzed
sedimentation using sediment traps deployed yaaudyseasonally. In these previous
studies, trap stratigraphy, composition, and gs&e were evaluated to compare
sedimentation records with local weather data ahdravatershed parameters (McKay,
2004; Motley, 2006; Roop, 2007; and Cobin, 2008).

This present study is a continuation of the progex focuses on the modern

processes of sedimentation in Linnévatnet to determthere is a relationship between



sedimentation and climate-weather variables. $tudy will compile all available data
from the five years of the REU project to date toyde a complete record of sediment
trap stratigraphy, grain size, and weather datirent cores were collected for
analysis of five years of laminae thickness wityears of sediment trap data to
determine the relationships of trap accumulatiedjreent deposition, and

meteorological data.

1.2 - Study Area:
Svalbard is an archipelago located within the Ar@ircle between 74and 8% north and
10° and 35 east (Figure 1.1). Kapp Linné is a small cap¢henvest coast of
Spitsbergen, the largest island in the archipe(&ggure 1.2). The cape is situated where
Isfjorden, the major fjord of Spitsbergen, flowsarthe Atlantic Ocean. Isfjord Radio is
a small radio relay station located on Kapp Lirtmgt is used for tourism and scientific
expeditions. Linnévatnet is approximately 5 kildems east of Isfjord Radio.
Linnévatnet is 4.7 kilometers in length and 1.®kikters in width with a deep
hole at 35 meters depth (Bgyum and Kjensmo, 19ZBnévatnet is oriented along a
north-south axis, bounded on the east and westbyrtountains (Figure 1.3). The
mountains, which protect the lake from easterlwesterly winds, permit the southerly
winds blowing down the valley Linnédalen to “havsteong effect on the lake surface”
(Beyum and Kjensmo, 1978). However, the lake iseoed with ice from approximately
September to July (Snyder et al., 2000) and theisvihds only affect the lake in the

summer months.



The catchment basin is approximately 27 kand 6.3% of the area is glaciated
(Snyder et al., 2000). The primary inlet, Linivée feeds into the south end of the lake.
Linnéelva is a meltwater stream fed by a glaci@mébreen, which is located six
kilometers south of Linnévatnet. From the nortd,drinnévatnet drains into Isfjorden, a
fjord that merges in the North Atlantic Ocean.

Svalbard is an area within the zone of continuarenafrost. Permafrost terrain
features frequent the landscapes that are notaggacwvith thicknesses up to 450 meters
in the highland (Figure 1.4). The coastal area® hlicknesses ranging from 10 — 40
meters. Linnévatnet is located in an area witbkiésses ranging from 225 — 275

meters.
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Figure 1.1: Map of the Arctic Circle. Thick bla&cle outlines Svalbard. Blue dashed
line denotes the 68\ latitude of the Circle, red line marks the’@dsotherm in July, and
green line marks treeline. From The Perry-Castafdéaary Map Collection: Maps of
Polar Regions and Oceanisttf://www.lib.utexas.edu/maps/polar.hyml




Figure 1.2: A NASA Landsat image of Svalbard. Rgdare notes the peninsula with
Kapp Linné, Isfijord Radio, and Linnévatnet. Thdow “L” notes Longyearbyen, the
most populated town in Svalbard. The large fjoodim of the study site and
Longyearbyen is Isfjorden.
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Figure 1.3: A 2004 Norsk Polar Institute map @& ghudy region showing Linnévatnet,
Linnéelva, and Linnébreen. The red line highlights Linnévatnet watershed which
includes Linnébreen. Please note the elevatidnnofévatnet is 12 meters opposed to 14
meters on map (Svendsen et al., 1989). From Ma2ieg6.
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Figure 1.4: Permafrost thickness in the regiomadostudy area (outline by black box).
The color scale notes thickness with yellow asleha{0-125 meters) progressing to
purple as deep (400-550). The permafrost in theyshrea is approximately 250 meters
to 325 meters thick. From Ingolfsson, 2006.



1.2.1 Bathymetry

The bathymetry of the lake bottom is divided irlicee basins: “west basin,” “east
basin,” and “main basin” (Figure 1.5). The mainibas the largest and contains the
maximum lake depth of 35 meters. The east and messhs are located at the south end
of the lake. The east basin is the next largestsfed by the major inlet, Linnéelva
which carries turbid meltwater from Linnébreen.eTdepths in the East basin reach 15
meters. A bathymetric rise of 4 meters depth dsithe east and west basins. The west
basin is fed by a small stream flowing from a poegly glaciated cirque which now
contains a thin perennial snowpack (Figure 1.@)e ihlet is an insignificant sediment
source compared to Linnéelva. The maximum depthérwest basin is 15 meters. The
south end of the lake receives the majority ofowihg water but there are several

smaller inlets around the lake.
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Figure 1.5: Bathymetric map of Linnévatnet. Thekdred marks the deep basin and the
light orange marks the east and west basins. Eemn, 2007.
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Figure 1.6: A modification of the 1936 Norsk Pdiastitute map of Linnédalen. The red
square outlines cirque glaciated during the Littke Age which fed a stream into
Linnévatnet. The blue square notes the LIA exbémtinnébreen. Refer to figure 1.3 for
the moraines in 2004.
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1.2.2 Bedrock

Linnévatnet is situated in the catchment alongibreh-south strike of the
bedrock (Figure 1.7). The lake itself predominaotlerlies a Carboniferous sandstone
unit. The valley is bounded to the west by Preagntmetasediments of the Hecla
Hoek formation and to the east by Carboniferougs$itones and gypsum and Mesozoic
shales, siltstones, and cherts (Hjelle, et al.6198 he bedrock of Linnédalen contributes

to the lacustrine sediments in Linnévatnet.
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strike of the bedrock. From Svendsen, 1989.
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1.3- Climate and Climate Change of the Arctic
The Arctic is commonly defined as the land aboviude 66°N — the Arctic Circle
limit. Arctic climate varies with the environmeritr example, open tundra experiences
midwinter winds approximately one-half greater tisabarctic open forest (Rouse,
1993). The High Arctic is characterized as a pdksert due to low precipitation — less
than 4 mm of water vapor annually. The High Arcéceives less than half of the annual
200 — 400 mm precipitation at lower polar latitugesuse, 1993).
1.3.1 The Atmospheric Circulation Patterns

Two of the forces that determine the Arctic climate the atmospheric pressure
patterns known as the North Atlantic OscillatioPA@) and the Arctic Oscillation (AO).
The North Atlantic Oscillation describes a positreéationship between the Icelandic
Low and the Azores High (Serreze, et al., 2000)poaitive NAO describes
strengthening of the Icelandic Low and Azores Higld negative temperature anomalies
over Greenland and eastern Canada. The positiv@ &lgo permits more west to
southwesterly winds carrying warm and moist aistandinavia (Serreze, et al., 2000).
A negative NAO phase describes opposite condittowgakening of the Icelandic Low
and Azores High, positive temperature anomaligSrigenland and Canada, cool and dry
northwesterly winds to Scandinavia.

The Arctic Oscillation is greatly influenced by tN&O (Figure 1.8). The
positive AO expresses positive sea level pressirP) anomalies over the Arctic which
are related to higher temperatures over Siberid@mer temperatures over the Labrador

Sea, and Southern Greenland (Serreze, et al., 200@) negative AO is the opposite

14



with negative SLP and lower temperatures over &ilsrd higher over the Labrador Sea
and Southern Greenland (Figure 1.9).

Positive phases of the NAO and AO permit an in@eéasold-season cyclone
frequency (Serreze, et al., 2000). The AO and N¥ae tended to stay positive since
the 1970’s; currently 2007 and 2008 are stronghitpee but with less strength than the

1990’s regime.
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Figure 1.8: The AO (solid line) and NAO (dottedd) relationship. The two circulation
patterns correspond. From Serreze, et al., 2000.
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Figure 1.9: The effects of the AO positive phase a&gative phase. From the NSIDC
Arctic Climatology and Meteorology Primer, attribdtto G. Holloway, Bedford Institute

of Ocean Sciences (http://nsidc.org/arcticmet/)
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1.3.2 Climate Change in the Arctic

Due to the high latitude and extreme amounts @frsaldiation, the Arctic is
particularly sensitive to climatic changes ampdftey positive feedbacks such as surface
albedo and atmospheric circulation. Large aredBeofrctic are covered by snow
and/or ice which reflect light and solar radiatiofhe albedo feedback is positive when
snow or sea ice decreases in area allowing moae sadiation absorption which leads to
more melting (Overpeck et al., 1997).

The climate of the Arctic has varied throughout plast several centuries. The
17" century is known for the cool periods which irtitid the Little Ice Age (LIA), a
period of glacial advance in the Arctic and alpiegions. The 18century temperatures
were almost as warm as laté"a@ntury temperatures (Overpeck et al., 1997). @
great cooling occurred in the“fl@entury which marked the coldest Little Ice Age
temperatures. Temperatures warmé&dd 3°C locally throughout the Zbcentury,
ending the LIA (Overpeck et al., 1997).

The National Snow and Ice Data Center describeéittigc as “showing signs of
rapid change” including warming of air over the ttahArctic Ocean and decreases in
sea ice and snow extent. Since 1900, mean anmdats air temperature has been
increasing and currently, autumn temperatures &&dbove normal, a new record
(Figure 1.10). Autumn sea ice extent has beeredsorg (The Arctic Report Card).
September 2007 marked a record low for sea iceneated September 2008 experienced
the next minimum. The extended winter AO index déss 1950-1980 as negative

phases with a consistent positive phase in the’dg§F@ure 1.11). However, the 1990’s

17



describe a decade of very strong positive AO. Yidas since have been less positive

and weakly negative until 2007 and 2008 when therétQrned to a strong positive.
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Figure 1.10: Annual mean surface air temperatuoenaty from 1900 to 2008. Note the
general increasing temperature trend. From thécAReport Card, 2008.
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Figure 1.11: Extended winter AO index from 1950002. Red bars are positive and
blue bars are negative. Note the strong posiggame in the 1990’s. From the Arctic
Report Card, 2008.
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1.3.3 Climate of Svalbard

Svalbard is a polar desert; the climate is desdrédgearctic. The mean annual
temperature at sea level is°® and -15.2C in the high mountains. Coastal areas
accumulate the most precipitation of approximat€l) — 600 millimeters w.e. (water
equivalency) per year. Inland and mountain regamwmulate 200 mm w.e. per year
(Ingolfsson, 2006). Snow is the dominant type reicjpitation, however due to strong
winds the measured values are likely an underestima

The largest continuous meteorological record iallsard comes from
Longyearbyen. This large settlement provides aucgrong record of air temperature
and precipitation accumulation (Figure 1.12). Swenair temperature in Longyearbyen
remains consistent throughout the record varyirtggéen average values of 3- 6°C.
However, winter temperatures have experienced gee&bility throughout the 2
century. Temperatures range from a low of °2Qo a high of -16C. Since
Longyearbyen is approximately 50 kilometers inlathé, precipitation fluctuates between

a low of 125 mm and a high of 250 mm per year (lisgon, 2006).

21



I . . - Winter sr temp. (deg C)
22 - -- Lopeyvearbyven; Svalbard, Anmed valoes and 5-47 running mean

IF'lrlIIIIF|I'|I'|IIIrlllllrlllllllllr'lrlllIIlII'lIIIrlIIII'lr'lIrlIII|IIl'lr1IrIII|IIIIIrIIIII'|IIIrI '?d

1210 1820 1830 1840 1850 18650 1970 1880 1980 2000

Figure 1.12: Weather temperature data from Londpyem collected since 1910 to the present. Y-@xismperaturéC and

accumulation mm. Note the consistency of sumnraéeaiperature throughout and the high variabilftywmter air temperature.
Data by Ole Humlum in Ingolfsson, 2006.
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1.4 — Arctic Hydrology
The distinctly seasonal climate of the Arctic deveunique hydrological system
throughout the region. Due to the amount of ligiteived throughout the year, the
hydrological cycle is greatly reduced to a muchr&rdime period than in temperate
regions (Woo, 1993). The circulation of water tigbout the Arctic is determined by
snow, ice, and frozen ground.
1.4.1 Snow

Snow is the dominant type of precipitation in thetic. Often, accumulation
measurements underestimate snowfall due to thiewtff of catching blowing snow.
The snow can actually hold up to 130 — 300 % matencontent than measured (Woo,
1993). High Arctic snow temperatures can reach’€&nd is much denser than
temperate snow. Due to lack of vegetation in thetié, wind greatly redistributes snow
(Woo, 1993). The topography controls the distitrubf snow, compressing the snow
into valleys, gullies, and depressions (Woo, 19e et. al, 1992). Snow
accumulation can represent 60 — 80% of the anmealtation.
1.4.2 Snowmelt

Snowmelt is the dominant hydrological event ofykar (Kane et. al, 1993). In
the High Arctic, the snowmelt events usually cailecwith the greatest amount of solar
radiation. As the melt season begins, albedo dsesewith the decreasing snow
coverage. This leads to more heat absorptiond¥péne ground (Kane et. al, 1993),
accelerating more melt and facilitating heatinghaf active layer.

When the snowmelt events begin in June, the bostuow and permafrost surface

temperatures are less thdifC0 As the first surface snow begins to melt, icpéates
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into the underlying layers and refreezes (Kanaleti992). This cycle continues until
the snow is saturated and begins to flow down sldgest snow in the High Arctic is
drifted into valleys and depressions, thus the athotisnow accumulated in these
regions may delay streamflow initiation by sevelays (Woo, 1993). The deep snow
retains meltwater and water movement is containéamthe snowpack in channels or
ponds. When the channels coalesce into a drairetgerk, water will then flow from
the snowpack and out of the valley (Woo, 1993her€ are some snow banks that retain
snow well into the season and these deliver medtwadntinuously throughout the melt
season.
1.4.3 Permafrost

Permafrost is a zone of perpetually frozen sail subsurface. The uppermost
meter is the only subsurface layer that melts;ithealled the “active layer.” The active
layer thaws during or after the snowmelt. The mmaxn thaw depth occurs in well-
drained hill slopes (Kane, et. al, 1992). All watewing on the ground down slopes
travels through the active permatfrost layer sedgonAs surface temperatures cool, the
active layer freezes from the surface downwarde Whter contained in the warmer soil
moves from warm temperatures toward the coldeeingefront (Woo, 1993). Although
most of the permafrost is frozen, there may be subpfrost water flows that result in
springs or seepage into lakes (Woo, 1993).
1.4.4 Glacier Melt

During the winter with low temperatures glacierswaoulate mass through
snowfall, avalanches, or snow drifting. The melson is initiated by energy from

increased solar radiation that causes the surBaiav and firn melt (Woo, 1993).
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Runoff responds to heat energy as opposed to haitferefore more melt occurs in
years with warm and dry conditions. Melt can herfal, responding to daily fluctuates
of solar radiation; peak flows occur in early afi@on (Woo, 1993). Meltwater runoff
can flow supraglacial, englacial, or subglacialipfaglacial flows can often be a
slushflow, mixture of water and snow, early in fgason. As more water runoff flows
down glacier, erosion of the ice surface createschls within the ice. Fissures,
crevasses, or moulins provide supraglacial flowsaee a significant impact on englacial
and subglacial flows.

The elevation at which snow and firn are retainiéer @ melt season marks the
equilibrium line of accumulation (ELA) (Bennett &&3ser, 1996). The ELA migrates
up-glacier or down-glacier depending the snowlifithat season. The state of a glacier
can be assessed quantitatively through mass balatheeamount of snow retained minus
the amount melted (Bennett & Glasser, 1996). Wihglacier has retained more
accumulation than the volume of melt, the glacigregiences a positive mass balance.
However when the volume of melt exceeds the volafreccumulation retention, the

glacier experiences a negative mass balance.

1.5- Glacial History of Svalbard

The Svalbard archipelago is dominated by ice mas#ise form of glaciers and ice caps
which cover approximately 60% of the landscapedlisgon, 2006). Glaciers are
controlled by precipitation; areas such as ce@paisbergen have smaller glaciers due to

the dry climate. The ELA reflects the climatic ddions by lowering along the humid
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coastal glaciers and rising in the dry mountaiNsn-glaciated landscape describes past
glaciations as larger and more extensive.
1.5.1 Last Glacial Maximum

Svalbard has experienced a number of glacial adsaticoughout the Late
Cenozoic, the greatest of which is known as thé Gdacial Maximum (LGM). The
landscape is marked by raised marine terracesnméddalen such a feature reaches 87
meters above sea level (Mangerud & Svendsen, 19B).terraces appear at higher
elevations following an eastward trend (Siegeragt2002) indicating significant
isostatic loading was centered over the BarentdHgare 1.13) (Svendsen et. al, 2004).

Isfiorden was glaciated during the Late Weichsedind Linnédalen held a
tributary glacier feeding into the fjord glacier &éiMigerud & Svendsen, 1990). The
Linnédalen tributary scoured pre-existing sedime@t$ marine sediments in
Linnévatnet postdate 12,500 BP. Mangerud and Se&md 990, conclude that the Late

Weischelian glaciation in this region lasted apprately from 17,500 to 12,500 BP.
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Figure 1.13: The extent of the Barents Sea IcetSthaing the LGM approximately 20 ka. Note Svatbia contained in the top
center of the ice sheet, marked by red squarem Bwendsen et. al, 2004.
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1.5.2 Deglaciation of Linnédalen

Deglaciation of Western Spitsbergen began appraeima 3,000 years before
present. Radiocarbon aged marine fossils contamethrine sediments indicate that
Linnévatnet was filled with sea water at 12,500 wyach suggests the valley was
deglaciated (Mangerud and Svendsen, 1990). Disestatic depression, Linnédalen
was a fjord and beaches were deposited as isosthtiand progressed. At
approximately 9,600 years ago, uplift and subsegjoegshore transport of marine
sediment created a prominent marine terrace thkttéesi Linnévatnet into a freshwater
lake (Snyder, et. al, 2000). Radiocarbon evidérara paired mollusks contained within
the youngest marine sediment is consistent wittageeof Linnévatnet isolation (Snyder,
et al., 2000).
1.5.3 Holocene Glacial Fluctuations of Linnédalen

In the early to mid-Holocene, the climate in Seatbwas warm and Linnédalen
was ice free. At approximately 4-5,000 years agrmmébreen began to form as a small
valley glacier (Svendsen and Mangerud, 1997). rdua in the mountains at the
southwest corner of Linnévatnet was deglaciateat poi the isolation of the lake until the
Little Ice Age (Snyder et al., 2000). Glacier adea around the world in historical times
suggests a small glacial period from about 1600130known as the Little Ice Age
(LIA). An ice-cored moraine approximately 2 km dowalley of Linnébreen indicates
the furthest ice extent of the valley glacier dgrthe LIA. A 1936 oblique aerial

photograph (Figure 1.14) depicts the terminus ahEbreen close to the moraine.
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Figure 1.14: An oblique aerial photograph of Lidaken facing south. Upvalley,
Linnébreen appears to sit at the LIA moraine (ndtgtlue box). Also refer to Figure
1.6 for another view of the LIA moraine. Photo teay of the Norsk Polar Institute.
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1.6— Lacustrine Sediments
1.6.1 Sediment Sources for Linnévatnet
Linnéelva is the main source of sedimentation imgvatnet. The drainage basin for
Linnéelva is 27 kih(Synder et. al, 2000). The braided river flowanirLinnébreen over
bedrock, through permafrost, and gullies drainirtg Linnévatnet. The turbid river
receives and carries suspended sediments to the lak

Smaller sources include two alluvial fans at thetlsern end of Linnévatnet and
small meltwater streams from the mountain sidegufiéi 1.15). The large alluvial fan at
the southeast corner of Linnévatnet contributesvemelt and groundwater flow to the
lake and Linnéelva (Snyder et al., 2000). The Bmé&n to the southwest carried
meltwater from the previously glaciated late Holeeeirque (Snyder et al., 2000). The

stream currently carries meltwater from a perersnalwpack.
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Figure 1.15: Sediment sources for Linnévatnetnéelva is the predominant source.
Two alluvial fans (shaded) also feed into the sautth of the lake. From Snyder et al.,
2000.
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1.6.2 Lake Stratification

The water column in lakes can be divided by sevaaedmeters such as density,
temperature, or salinity. For the purpose of te\ys temperature will be discussed and
density can be inferred since temperature is thenprent variable in density. The
vertical temperature water column is created bgrdokating and heat transfer within the
water (Smith and Ashley, 1985). Top water anddsotivater can stratify based on large
differences in temperature (Figure 1.16). The lbolauy between these two units is
known as the thermocline and the zone of tempegaterease is known as the
metalimnion. The thermocline separates the epibmr upper water from the
hypolimnion — bottom water.

1.6.3 Lake inflow

Relative density between lake water and inflowiragew determines how the inlet enters
the lake column. The density of both waters magdygrolled by temperature, dissolved
ion concentration, and suspended sediment contient(&mith and Ashley, 1985). The
behavior of inflowing water is described as ovesflanterflow, underflow, or
homopycnal flow (Figure 1.17). If the density bétinflowing water is less than the lake
water, it will flow over the water column as an di@v. These are seen from the surface
as a distinct sediment plume. If the inlet is mdease it will plunge under the water
column and flow along the bottom of the lake. tfitsvs can occur if the inflowing

water is more dense than the surface water butlmsse than the bottom water. A
homopycnal flow occurs when the water column dgresiid the inflow density are the

same. The two waters will mix and the inflow véfiread evenly throughout the column.

32



A.

B.
Solar heating only Solar heating and wind
Surface
epilimnion
£ metalimnion
Q ____________
1)
O
hypolimnion
Bottom

Temp. —

Temp., ——»

Figure 1.16: Stratification of the water columndwfar heating only in A and solar

heating with wind in B. The temperature changghametalimnion marks the
thermocline. From Smith and Ashley, 1985.
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Figure 1.17: Description of the four inflows whidbepend on the relative density

between inflowing water and the lake column. Thtetl regions mark the turbid
inflowing water. From Smith and Ashley, 1985.
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1.6.4 Flow Dynamics

The distribution of inflowing water is affected laynd, waves, and gravity. Wind
and wave direction greatly influence the distribatpattern as they dictate the overflow
plume orientation. The Coriolis effect deflectsvimg water and the suspended sediment
plume to the right of the inlet (Figure 1.18 & FiguL.19) (Smith and Ashley, 1985).
The range of suspended sediment grain size isinfled by these parameters. Finer
grained sediment will travel farther than the ceagrained and subsequently deposit on
the lake floor (Figures 1.18 & 1.19) (Smith and kst 1985). The sediment thickness
of the lake floor decreases further from the infBhe depositing particles decrease in
size with distance. The Coriolis effect on Linnined is described in Figure 1.20 with

the thickest sediment on following the east sidtheflake.
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Figure 1.18: Influence of wind, waves, and thei@r Effect on sediment plume. The
plume turns to the right of the inlet and grairesiizstribution separates coarse (proximal)

from fine (distal). From Smith and Ashley, 1985.
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Figure 1.19: Distribution of sediment grain sirenfi a sediment underflow. Sediment
thickness decreases with distance from the inlgt (Poarse grains are proximal to inlet
and fine grains are distal (B). From Smith and|@gh1985.
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Figure 1.20: Comparison of the Coriolis effect @kd the lacustrine sediment thickness in LinnéwgB)e The sediment thickness is deeper at théhson end
of the lake near the Linnéelva inlet. Note thetoanof the thickness grades to the east sidesb#sin — this is the Coriolis effect on the seditteposition.
The sediment grain size likely follows the depasitpattern in Figure A. Figure A is modified fré@mith and Ashley, 1985. Figure B is from Svendsteal.,

1989.
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1.6.5 Sediment Deposition Characteristics

Due to the lack of biota in Linnévatnet, there eswlittle bioturbation of the
deposited lacustrine sediment. A unique charatienf preserved sediment in Arctic
lakes is called a varve. Varves are annually labeith sediment couplets that alternate
light and dark laminae. Varves can be divided tato layers — a layer of summer
deposition and a layer of winter deposition (Stui®79). The summer layer tends to be
coarser silt particles and winter layers tend tditer clay sediments (Smith and Ashley,
1985). The silt layer may grade to the clay lapemvever the contact between two
couplets at the clay-silt boundary is very shami{s and Ashley, 1985).

Since varves are deposited annually, they can beted back through time like
tree rings. Thickness and grain size of layersbmaimdicative of the depositional

environment such as precipitation, runoff, and terafure (Leemann & Niessen, 1994).

1.7 — Sediment Traps
Sediment traps are a useful tool to understandjaadtify suspended sediment fluxes in
lakes. They have been used for many years to ptsitu particles. There are many
different types of sediment traps which resultamying amounts of efficiency. Gardner,
1980, tested many different models for trap efficke(Figure 1.21). The most efficient
model, with 71% and 90% efficiency for two testsaifunnel with a baffle attached to
the top.

This project utilizes simple plastic funnels fedsnent capture attached to
polycarbonate tubing for sediment accumulationfégl.22). The bottom of the tubes

are either plugged with a rubber stopper or seaitdelectrical tape. Attached to the
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top of each trap are one centimeter height baffiés a one centimeter square grid. The
baffles serve to protect the sediment from possiaurbation and to also facilitate
sediment capture. The funnel-baffle system has beed for several years on the
project. Year-to-year results will be well-coriteld with the consistent system of

sediment capture.
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Series TII flume conditions and trap efficiencies

Fish
Experiment No. 8% s 10%% Tank
Time (hrs.) 10.8 11.3 17.3 17.3 hrs.
Velocity (cm/sec) 4.3 4,0 4.0 0
Flow Depth (cm) 14.3 14.8 14.8 24.2
Initial Conc. (mg/l) 34,4 31.2 82,4 46.1
Final Conc. (mg/l) 18.5 17.8 36.2 5.4
TRAP EFFICIENCY
':m 1 64%
2 67%
3 592
4 607%
5 56%
I 1-5 60%
i ; 44% 60%
— 65% 84% 82% 89%

71% 90%

|

| :
B ﬁ 136% 80% 81% 9827
@ 62% 94%

>264%%%* 550% 3222

602
; 657
D 743% 231%
D 8962

554%

*A clockwise rotation of 180°, 45° and 135° was made on all traps at
3.0, 5.3 and 9.2 hours into the experiment.

**Sediment which was mostly between 2-62ym was added to increase initial

concentration.
k%*Unknown amount lost during filtrationm.

Figure 1.21: Sediment trap models and their rasmeefficiencies. The model selected
for this study is highlighted with the dashed bhax. The efficiencies are 71% and 90%,
the most effective design in the study by GardtéB(). Modified from Gardner, 1980.
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Figure 1.22: Image of the sediment trap model u3éw blue funnel is used to capture
the sediment and the tubing collects the accunmmatiThe white baffle is a 1 éngrid
and protects the sediment from bioturbation.
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1.8— Previous Work

The Svalbard REU has been conducting this progdive years. Nick McKay studied
the 2003-2004 sediment year, Brookes Motley 20(35626leidi Roop 2005-2006,

Patrice Cobin 2006-2007. Each student studiededenent traps for stratigraphy, grain
size, and correlated the trap data to meteorolbdata from a nearby weather station.
Leon, 2006, analyzed the laminated sediments fiovaté change. Other students have
studied the valley for sediment provenance and rhamg studied the glacier for summer
ablation. All of the information collected by tREU students pertains to this individual

project.
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CHAPTER TWO

METHODS
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Twenty two sediment traps and three cores wereevetl and collected in the summer of
2008. The sediment traps were analyzed for vistnatigraphy with digital photos and
X-rays and were analyzed for grain size using &Bwm Coulter LS 13 320 laser
diffraction particle size analyzer system. Thédi@ing methods describe in detail field
and laboratory collection and analysis.
2.1 — Field Methods
2.1.1 — Mooring and Sediment Trap Design
The sites for sediment studies in Linnévatnet lagebiathymetric depressions, i.e. the
basins (Figure 2.1). Moorings with sediment trapd temperature loggers were
deployed in the basins and on the bathymetric beglarating the two proximal basins.
The East Basin is the location for the most proxisite to the major inlet. Mooring C is
0.4 kilometers from the Linnéelva delta front idepth of approximately 15 meters.
Mooring D is located north of C about 1,000 mefeyen the inlet. The mooring is
situated in 15 meters of water. Mooring E sitsadmthymetric rise which separates the
East and West Basins. Mooring E is 700 meters tlearmajor inlet in about 5 meters of
water. Mooring F is located in the West Basin@nieters of water approximately 1,000
meters away from Linnéelva. Mooring G is the naistal site located 3,300 meters
north of the delta. The mooring is situated indieepest basin in Linnévatnet at
approximately 35 meters of water.

Each mooring consists of a buoy attached to aaockor with a nylon line
(Figure 2.2). The buoy is used to keep the linghé and is situated 1-2 meters below
the water surface to prevent influence from wind amter lake ice. Sediment traps and

temperature loggers are attached to the moorieg lithe number of traps per line
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depends on the water depth. Moorings C, D, En&,@&, have 4, 4, 2, 3, and 5 traps

attached respectively. The deepest trap is alwittyated 1 meter above the lake bottom.

44



3

A Mooring Sites

Contour interval 5m.

0.6 0 0.6 1.2 Kilometers

- ; {
{ | 1 \
: i \!
7, e Ses o
| \
nr \'
i A W | \
| y 3
| ;
1 P 2 3 3
J t | B ! 1
i 0\ a WY
! | f
L 1 .
£ ¢ & 4 Y ] |
- N \

Figure 2.1: Bathymetic map of Linnévatnet. Thartgles mark the mooring sites.
Mooring C is the most proximal to the inlet. Frdweon, 2006.
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Buoy situated 1-2 meters below
water surface
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Temperature Logger

Anchor

Figure 2.2: Diagram of a mooring. The numberap$ depends on the water depth at
the mooring site. Note the diagram is not to scale
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The sediment trap design utilizes a funnel to coleispended sediment with the
spout inserted into a polycarbonate receiving wbkeh is attached for sediment
accumulation (Figure 2.3). The inner diametehefiteceiving tube is 1.58 cm. The
bottom of the tube is plugged with a rubber stoptperevent leakage. A 1 érhaffling
is attached to the top of the funnel to protectraedt from resuspension and to facilitate
sediment capture. The traps are attached to tloeingdine with a plastic bracket. The
bracket provides the necessary support to keepraperertical.

The traps designated “Year-Long” were deployedaahenooring July 26, 2007
and were retrieved between July 22 and August@8 Z0able 2.1). The year-long traps
use funnels with a diameter of 12.1 centimete&prthg Traps” were deployed at
Mooring C on April 13, 2008 through lake ice andeve=covered July 22, 2008. The
spring traps use funnels which have a diamete7af @m. The larger diameter provides

a magnification of sediment accumulation to degctite spring sedimentation events.

Table 2.1: Mooring Event Dates
Moorings Deployed Retrieved Duration (days)

Year-Long C 26-Jul-07 22-Jul-08 362
Year-Long D 26-Jul-07 28-Jul-08 368
Year-Long E 26-Jul-07 28-Jul-08 368
Year-Long F 26-Jul-07 28-Jul-08 368
Year-Long G 26-Jul-07 1-Aug-08 371
Spring C 13-Apr-08 22-Jul-08 100
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Figure 2.3: Image on the left is the year-longeedt trap complete with funnel,
bracket, and receiving tube. Image on the rigthéscomplete spring trap (From Motley,
2006).
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2.1.2 — Sediment Trap Collection

To retrieve the moorings and to collect the tr&RBS was used to locate the mooring
sites. Once the buoy was sighted, a chain wasrémhand wrapped under the buoy to
pull the mooring line and anchor out of the wat&rboom and pulley attached to the
boat facilitated the retrieval (Figure 2.4). Asledarap neared the pulley, it was detached
from the line.

As each set of sediment traps was collected, ghein a protected hut in the field
to permit the suspended sediment to settle. Th®rfimg day the stratigraphy was
logged and marked on the tube prior to disassemqitia funnel from the tube. The
receiving tubes were sealed and carried by hatlietoesearch station. At Isfjord Radio
the water was siphoned out, the tube was cut tooappately 2 cm above the sediment,
and the sediment was set next to indoor heateabbmaed to almost dry. A paper towel
was used several times to remove the excess watsreach trap as it dried out. For
transportation, a finger from a latex glove wadfetuwith paper towel as absorbent

packing and then inserted into the trap to prdteetsediment from slumping or shifting.
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Figure 2.4: The image illustrates the retrievalh& mooring. The pulley assists with the
hauling of the mooring and the traps are removenh fihe line before reaching the
pulley. From Cobin, 2008.
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2.1.3 — Sediment Core Collection

Three cores were collected in August 2008. Twesaeovere recovered adjacent to
Mooring C and one near Mooring D. A Universal agd corer was lowered with a
percussion hammer from the side of a zodiac. Aady was necessary since the boat
needed to hold position. Once the corer hit tke lzottom, the percussion hammer was
lifted up and down to pound the corer deeper inkosediment. When the core tube
appeared to have reached significant depth, thieelewas slowly pulled up. The corer
was hauled up smoothly and before the tube hadheedhe surface, a plastic cap was
placed on the bottom, to prevent loss of sediment.

Once the core tube was removed from the coringcdeanother plastic cap was
placed on the top and the tube was carried baldjovd Radio. At the station, water
was siphoned and the core tube was cut to 5 —dithoeters above the sediment. As the
sediment dried, water accumulation was siphonext.trBvel packaging, a thin plastic
sheet was placed over the sediment and absorbeet fmavels were tightly packed on
top.

2.1.4 — Weather and Environmental Data

An Onset HOBO weather station is located approxagat kilometer south of the lake in
Linnédalen (Figures 2.5 and 2.6). This stationsuess precipitation, wind speed and
direction, air temperature, ground temperature,sotar radiation upwards and
downwards. The measurements were recorded iy thirtute intervals since July 2007.
The most pertinent meteorological data to thisys@ré precipitation and air temperature

since these parameters greatly affect glacial amgltstream discharge.
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In the lake, a network of Onset Water Temp Prgéog is arrayed on the mooring
lines. Each mooring has a temperature logger tghsediment trap as well as a logger
on the rock anchor. The spring trap mooring aa@ temperature loggers at every meter
of depth, thus 14 temperature loggers on one lirtee loggers recorded water
temperature every thirty minutes since July 200 the Mooring C spring traps since
April 2008.

Mooring C was also the location for the In-Site.18000 Pro XP/e Troll (Figure
2.5). This instrument was situated 1 meter abbedake floor. The Troll measured
temperature, turbidity, conductivity, and depthrgvgo minutes since April 2008 and
was retrieved July 22, 2008.

The intervalometer was deployed at Mooring C al, @wpproximately 1 meter
above the lake bottom (Figures 2.5 and 2.7). sgument is similar in design to a
sediment trap with a 10 cm funnel attached to aiviry tube and covered with a 1 tm
baffle. However, the intervalometer measures sediraccumulation through light
transmission utilizing an inverting Schmitt triggéhen the light source and receivers
are in “sight” of each other, the switch is offhen the LED lights and receivers are
blocked, the switch turns on. As the sedimenteseihto the receiving tube, LED lights
are blocked from the receivers, turning the swiohand subsequently increasing
voltage. The sediment accumulates in the bottothefeceiving tube and covers the
sensors as it increases in vertical thickness;\thliage increases throughout time.

Onset Optic Stowaway temperature loggers (FigusewWere deployed at two
locations in Linnéelva. The “lower-stage” was appmately 75 meters south of the

lake. The “mid-stage” was approximately half-wapeeen Linnévatnet and
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Linnébreen. The loggers were attached to a rodikpdaced in the deepest part of the
river. They recorded water temperature everyyttrinutes since July 2007.

An automated time lapse camera was installed alomgastern side of the valley
(Figures 2.5 and 2.8) in 2006 and has been dowatbadveral times a year since then.
The camera faced SSW (N78 02.220, E13 52.319)avearlg the south end of
Linnévatnet, where Linnéelva empties into the lakbe camera recorded images twice a
day, at 11:00 am and 4:00 pm, in the fall and gprifhese images provide a visual
record of activity with lake ice, stream ice, amdw melt.

A snow depth device was deployed at the mid-ssargam location (Figures 2.5
and 2.9). This device was a snow “tree” — a twefday stand with four rungs at 7 cm,
15 cm, 30 cm, and 45 cm above the ground. Attathedch rung was an Onset HOBO
light intensity logger. Each logger measured ligtensity at 30 minute intervals from
July 2007 to July 2008. The loggers recorded wherlight intensity dropped to 0,
which indicated either nightfall or when the loggeas covered by snow. After the
period of minimal light intensity, the loggers shenva dramatic increase in intensity
which indicated that the snow had melted enougéxpmse the logger. This device

provides a record of snow depth of up to 45 cm.
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Figure 2.5: The locations of environmental andtierinstruments. The legend is in
the top left corner. Modified from Norsk Polar fitiste, 1936.
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Incoming Solar Radiatio 1N
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Figure 2.6: The Onset HOBO weather station.
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Figure 2.7: The intervalometer is like a sedimesyp with a funnel, baffle, and receiving
tube (top left). The receiving tube is held witlegsing with LED lights (top right). The
bottom image shows the LED lights and receivercivimmeasure sediment thickness.
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June 14, 200811710

Figure 2.8: The automated time lapse camera iasexacin the white plastic box for
protection (top image). The bottom image showsstbe from the camera in one of the
daily photos.
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Figure 2.9: The snow tree consists of a two by &tand with rungs attached. The
loggers are at 7 cm, 15 cm, 30 cm, and 45 cm flarbbttom to the top.

58



2.2 — Laboratory Methods

2.2.1 — Splitting the Samples

The 22 sediment trap samples and the three conesspht open at Mount Holyoke
College. The device used to split the trap samghelscores was designed and operated
by Thomas Liimatainen of Mt. Holyoke College. Thmvice was designed to split each
sample with minimal sediment disturbance. The ckeuiilized a handmade circular
blade on a router that was attached to a slidingfigure 2.10). The sediment samples
were locked into a rail prior to splitting (Figu2ell). Each sample had a piece of paper
towel atop the sediment to block any polycarbouataris from blowing into the sample.
A cut was made on the sample tube by sliding théeraail past the sample. The
smooth and even cut was just deep enough to reactetliment. A thin aluminum sheet
was inserted through the cut into the sample aadample was rotated 180The

second cut was made by sliding the router railggtbe sample again and the sheet was
pushed through to the second cut. The sheet egpfitythe sample into two halves and
prevented leakage. The sample was then pluggeel tand sealed for transportation

Bates College.
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Figure 2.11: Cutting a sediment trap sample. fighee on the left depicts Thomas
Liimatainen setting up the saw and sample. The@eran the right shows the first cut
with the aluminum sheet inside.
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2.2.2 — Visual Stratigraphy

Two methods were used to record visual stratigragftije samples after splitting the
traps and core tubes. First, digital photos ofttAp and core samples were captured with
a Canon 590A camera. Each sample was accompaitted WMunsell Soil Color chart

as a color key (Figure 2.12). The traps and care logged for sediment thickness and
color. The second set of visual stratigraphy wasyXimages. One half of the bottom
two samples from Moorings C and D and three U-ckbnof the upper 10-12 cm of the
sediment cores were X-rayed at the Mt. Holyoke the@enter. The X-rays were
captured using Kodak film in film canisters desigtier fine bones which yield a high
resolution. Each sample was exposed to 3 mA, 3® tov from 3-5 seconds. The
energy and exposure times depended on the dersitg sediment. The X-ray images
described the sediment visually for density. Tigbktér regions were finer grained and
the darker regions were coarser grained. The X-nagre particularly useful when the
color of the sample was homogenous throughout withaolor distinction between

seasonal layers.
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Figure 2.12: An example of the digital photograpiiyhe samples. The sample is from
the spring trap at Mooring C.
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2.2.3 — Sediment Flux and Equivalent Thickness
To quantify the sediment accumulation in all of tteps, the raw data had to be corrected
for the magnification factor of the funnel sizec@rthe year-long traps and the spring
traps have different funnel sizes. To comparewtesets of traps, sediment flux was
determined from the following equation,
Sediment flux = (mass of sediment in trap) / (a&funnel opening)
f=m/a
in whichf is the sediment flux, nis the mass of the sediment in the trap, andleisrea
of the funnel opening (year-long traps have 11% amd spring traps have 238 tm
openings). The mass of the sediment in each tespdetermined by calculating the
density from the mass of 0.5 &ésamples of dry sediment. These density values wer
then used with the volume of the sediment (usedaih¢hicknesses of the samples) to
calculate the mass of the sediment in the trap:
m, = (Dry Density) * (Sediment Volume)

The sediment flux from the bottom traps may afgbaate the amount of
sediment deposition on the lake floor. This vaitihicknesstj of mm/year can be
calculated using the mean bulk density of 1.8 d/cafculated from Linnévatnet
sediment cores (McKay, 2004). The thickness isutaled with the sediment flux, bulk
density, and a factor of 10 to convert from cm tm:m

t=(f/ 1.8 g/cni) * 10
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2.2.4 — Grain Size Analysis

The grain size analysis was completed using a BaokBoulter LS 13 320 Particle Size
Analyzer at Bates College. To obtain the optimwmoentration of sediment for
analysis, a volume of 0.125 &was used. The best halves of the split sedimapstr
were used for sub-sampling and were sliced fronbtitem to top at 0.25 cm. The
dimensions of the slices were 1 cm x 0.25 cm x5 Figure 2.13). Each sub-sample
was placed in a 47 mL Oak Ridge centrifuge tubeavered with 1 mL of hydrogen
peroxide to disintegrate organic matter. The samplere capped and sat overnight.

The following day a mixture of 20 mL dionized wassad 17 mL of a dispersant
solution (0.7 g/L sodium metaphosphate) was adde@th sample. A Fisher Scientific
60 Sonic Dismembrator was then used to defloccurydine particles that remained
aggregated; each sample was sonicated for two esnut

The Coulter LS 320 measures particle size usisiggle wavelength laser
diffraction analysis (Figure 2.14). A laser bedmtghrough a chamber with the particle
solution and light was scattered by the partictdsnawn patterns; grain size was inferred
from these patterns. The Coulter LS 13 320 medsaurange of grain size from 0.4 to
2000 microns.

For particle size analysis, each sample was cosipgletashed out of the
centrifuge tube with dispersant into the Coultengke well and was sonicated during the
loading. The Coulter sonicated the sample asiitlieough a series of laser diodes and
photodetectors. Three runs were completed for sagiple but the last run data were

used to complete this study since the samples mest disaggregated at that point.
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Figure 2.13: The dimensions of the sediment slidége 0.5 cm is the vertical depth of
the sediment.
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Laser Diodes and
Photodetectors

Sonicator

Sample Well

Figure 2.14: A diagram of the Beckman Coulter [33320 at Bates College. The samples were washedhi@ sample well,
sonicated, and analyzed in the laser compartment.
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2.2.5 — Thin Section Preparation

For the sediment core analysis, a core from Moo@rand a core from Mooring D were
prepared for thin sections. The thin sections idthe optimal visualization for
analyzing sediment stratigraphy. The desired sasnpkre removed with aluminum
trays which had 1/8 inch holes drilled into allesd The trays were made from aluminum
cutouts of 7 x 2 x 1 cm dimensions. Labels weratsbed into the aluminum. The trays
were pushed open-side down into the sediment Wetidp of the core just inside the
container. The samples were cut out with an X-Atibe and fishing line.

A freeze-drying method was used to remove thestitex pore water from the
samples (Leon, 2006). First, the samples weresfrowth liquid nitrogen (Figure 2.15).
A container of liquid nitrogen was set at an aregid the samples were place at the
highest position of the container. In order toverd cracks in the sediment, the samples
were slowly (5 minutes) pushed down the inclinarfrine shallow end to deep end until
submerged. After a minute of submersion, the saswkre transferred to another box
with sufficient liquid nitrogen for another submiers of 10 minutes.

While the samples were freezing, the Labconco &e&ker was prepared by
cooling the collector coil to approximately -23. The samples were place in the
vacuum chamber with enough space between to psutgtantial air flow. The vacuum
was then slowly applied to prevent the sedimemsfexploding. The samples were left
in the freeze drier for 3 days and were removedlowly releasing the vacuum to
prevent damage to the samples.

A solution of low viscosity epoxy resin was prepghte embed the samples

(Clark, 1995; Lamoureux, 1994). The mixture in@ddd/inylcyclohexene dioxide
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(VCD), Diglycidyl ether of polypropyleneglycol (DEB6), Nonenyl succinic anhydride
(NSA), and Dimethylaminoethanol (DMAE). The cheaigcwere mixed in a plastic deli
cup by weight to a total of 300 g and stirred fdulaminute. The components of the
epoxy mixture were mixed by a ratio of mass.

VCD : DER: NSA:DMAE ::10:4:26:0.4

Table 2.2: Mass of the Components of the Epoxy

Component | Mass (g) | Cumulative Mass (g
VCD 74.20 74.20

DER 28.8 103.00

NSA 194.00 297.00

DMAE 3.20 300.2

Table 2.2 describes the mass and cumulative make @jpoxy components which were
mixed on the balance.

When the epoxy was thoroughly mixed, the sample®\place in a plastic dish
with the orientation and labels written on the @eof the container. The epoxy was
then gradually poured along the side of the didii iitmeached a third of the samples’
height (Figure 2.16). To assist the impregnatiba,samples were placed in a vacuum
chamber. The vacuum was created by a hose attauclaedhlve on a faucet. The
vacuum was slowly increased to 25 — 30 inHg. Tdre@es were left in the chamber for
several hours until they had absorbed the epoxyce@he surface of the samples
appeared wet, they were removed, placed in a snuidlle, and epoxy was added until
the samples were completely submerged. The disiplaged in an oven at a
temperature of 50C for 48 hours to allow the epoxy to cure. Whemepoxy could not

be scratched by a fingernail, the samples were vetho
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A band saw was used to trim the sides of the sanpleut away the aluminum
cradle with minimal disturbance to the sedimenabels were scratched into the top of
the bricks. The samples were then packed and sthifgoMt. Holyoke College Earth and

Environment Department for mounting on slides, djng, and polishing.
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Figure 2.15: The slanted box was used for thedigitrogen slow submersion while the
standing box was used for complete submersion (Fr@on, 2006).

Figure 2.16: This image illustrates the epoxy iegoration. The box on the right has
epoxy half-way up the side of the freeze-dried kdocThe box on the left shows the
samples fully submerged (From Leon, 2006).
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CHAPTER THREE

RESULTS
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3.1 Visual Stratigraphy
3.1.1 — Trap Description
In the field, immediately after collection, all thife sediment traps showed distinct light
and dark layers. Although the stratigraphy wasnmeed in the field, the sediment
thickness changed greatly as the samples driedortunately after the traps were split
the color homogenized throughout all of the trépsing the color stratigraphy. All of
the traps showed a uniform color of 5Y 3/1 accagdmthe Munsell Soil Color chart
throughout the sediment.
3.1.2 — Digital & X-ray Images
Several photographs were captured of each trdpeifield and in the lab. These images
are on the attached CD. The traps were shownansitale and a Munsell Soil Color
chart. X-ray images were collected for traps C8, 03, and D4. These images were
captured in attempt to show the density change dmtwinter and summer sediment.
Figure 3.1 shows the sediment traps C4 and D4 X-rd@ye density changes are slight
but visible.
3.1.3 — Core & Thin Section Description
The C1 core was not used for this study since thvaea significant amount of
suspended sediment above the sediment-water icganfaen it was collected. The
sediment core C2 was used in this study for thotice analysis (Figure 3.2). Textural
and color variation of individual laminae were bisi in the 16.5 cm long core. The
laminae alternated in light and dark brown color.

The thin section was 7 cm long and showed gooiiresd stratigraphy for the

upper laminae (Figure 3.3). However, the thiniseds damaged in the middle.
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Figure 3.1: The digital photographs and the X-faydraps C4 and D4. Both sets of
images are in the same scale. The changes fromtdiglark in the X-rays are visible
indicating the boundary between fine winter sedin@gm coarse summer sediment. The
tops of the traps are aligned with the top of thgep
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Figure 3.2: Image of the C2 core that was usethi®thin section analysis. The laminae are \&siityl color and texture.

74



AVELEETUE VORI DN IXLEN L PREEPNLEN PN PN LTI

Figure 3.3: Thin section of core C2. The scalth®left is in mm. This thin section has
sediments from the uppermost layers of the co@p df the thin section is aligned with
the top of the page.
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3.2 — Sediment Flux and Equivalent Thickness

Table 3.1 and Figure 3.4 describe the total sedifih@nof each trap. The sediment flux
account corrects for differing funnel size, thuswing the spring traps compare with
year-long traps. The sediment flux from the bottoaps reflect mass of sediment per
unit area deposited on the lake floor. The ladgdomn accumulation is calculated from
the sediment flux and the mean bulk density froomEvatnet sediment cores to show the

vertical thickness of the depositional laminae.

Year-Long | Sediment | Lake Bottom Spring Sediment Lake Bottom

Trap Flux Accumulation Trap Flux Accumulation
glcnt mm/yr glent mm/yr

Cc2 0.117 SC1 0.045

C3 0.075 SC2 0.072

C4 0.164 0.9 SC3 0.089 05

D1 0.050

D2 0.029

D3 0.030

D4 0.044 0.3

E1l 0.080

E2 0.076 0.4

F1 0.024

F2 0.034

F3 0.046 0.3

Gl 0.016

G2 0.036

G3 0.040

G4 0.032

G5 0.092 0.5

Table 3.1: The sediment fluxes for each trap gmeections for funnel size. Equivalent
thicknesses for the bottom traps are given for laéom accumulation.

The sediment fluxes at Mooring C for the year-ltrag are 0.117, 0.075, and
0.164 g/crfifor C2, C3, and C4 respectively. It was expeétedC4 to accumulate the

most sediment throughout the year and thus havgrdatest sediment flux. The spring-
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moorings were corrected for funnel size with théisent flux equations. The fluxes for
spring Mooring C were 0.045, 0.072, and 0.089 §fanSC1, SC2, and SC3
respectively. Trap SC3 was expected to accumthatenost sediment in the spring since
it is located at the bottom of the lake. The settitrflux for SC3 is 54% of the year-long
C4 sediment flux, thus the spring and summer seat@tien consists of 54% of yearly
accumulation.

Trap C4 indicates that the expected lake bottonosigpn is 0.9 mm/year and
SC3 indicates that 0.5 mm/yr is expected depositibinus, 56% of lake deposition at
Mooring C is expected to be spring / summer sedim&he spring flux and deposition
percentage of the year’'s sedimentation correspaid w

Mooring D and E show sediment fluxes which arethetgreatest on the bottom,
but rather the top traps. Trap D1 has 0.050 g&md trap D4 has a flux of 0.044 gfcm
On Mooring E, E1 has a flux of 0.080 gfcwhile E2 has 0.076 g/ém Moorings F and
G describe fluxes which have a general increasargitwith depth. Trap F3 has a flux
of 0.046 g/criand trap G5 shows a flux of 0.092 gfcm

The basin sites Moorings D and F show equivala@nkhesses which decrease
with distance from the inlet. Mooring C has a kmiess of 0.9 mm/yr; Mooring D and F
show a thickness of 0.3 mm/yr. However, the desgirfbMooring G does not express a
decrease of lake bottom deposition with distant@p G5 expresses an equivalent
thickness of 0.5 mm/yr, which is twice the thickees Moorings D and F. Mooring E is

on a bathymetric rise, thus is not comparable édoilisin accumulation.
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Sediment Flux for 2007 - 2008
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Figure 3.4: A graphical representation of sedinflerxtin all of the sediment traps.
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3.3 — Grain Size Analysis

Mooring C: Year-Long Traps (Figure 3.5)

Trap C1, situated at three meters depth, was losglthe retrieval of the mooring line
and thus will not be discussed.

Trap C2 was located at six meters depth. Thedediment in the trap at 0 mm
has a mean grain size of 8.6 microns. The gramiscreases to 31.6 microns at 10 cm.
From 10 mm to 25 mm the grain size ranges from 8133.1 microns. At 30 mm the
mean patrticle size is 20.6 microns and continudméoto 16.3 microns at 55 mm.

Trap C3 is situated at ten meters depth. Thealrsgdimentation at 0 mm is 8.3
microns which increases to a sharp peak at 15 ntm2&.0 microns. The particle size
then decreases to 18.0 microns at 22.50 mm. FB&02nm to 42.50 mm the grain size
gradually decreases to 14.8 microns.

The trap at the greatest depth of fourteen mete@gli At 0 mm the grain size is
7.4 microns. The sediment slightly coarsens t0 tiicrons at 20 mm. At 27.5 mm
there is a sharp coarse peak of 16.6 microns. péhecle size then decreases to 13.1
microns at 32.5 mm. The second coarse peak ocapidly at 42.5 mm with 26.9
microns. The sediment then quickly fines to 17i8rams at 55 mm. From 55 mm to

82.5 mm the grain size gradually decreases fro® tb714.7 microns.
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Figure 3.5: Mooring C, year-long trap grain sipalgsis. Note that 0 cm marks the bottom of the.tr
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Mooring C: Spring Traps (Figure 3.6)

Trap SC1 is located at three meters depth. Tapsdxpresses grain size of 18.4 and 18.7
microns at 0 and 2.5 mm respectively. The parside then quickly decreases to 15.8 at
5 mm. From 5 mm to 60 mm the sediment ranges stamgly from 15.8 to 14.2 microns
without coarse peaks.

The next trap, SC2, is situated at eight meterghdephe initial grain size is 24.0
microns. From 0 to 25 mm the grain size increag#sslight variation from 24.0 to 30.6
microns. The particle size then quickly decredasel.7 microns at 32.5 mm. From
32.5 to 80 mm the grain size trends finer from 16.73.8 microns with a slight coarse
peak of 18.0 microns at 45 mm.

The bottom-most spring trap is SC3 at 14 meterghdephe initial sedimentation
jumps from 22.8 to 26.1 microns then down to 24ié&oms at 0, 2.5, and 5 mm
respectively. Particle size then gradually de@sds 22.3 microns at 27.5 mm which is
followed with a quick decrease to 14.3 micronsab4nm. The particle size then varies
from 14.3 to 17.4 microns with several small cogrsaks as the grain size decreases

gradually to 13.8 microns.
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Figure 3.6: Mooring C, spring trap grain size ddtéote that 0 cm marks the bottom of the trap.
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Mooring D: Year-Long Traps (Figure 3.7)

The upper-most trap at Mooring D is D1, which iedted at four meters depth. The
grain size varies slightly throughout the wholgtveth an initial sedimentation of 8.0
microns 0 mm. The only coarse peak in the trapigcat 5 mm with 13.4 microns. The
following sediment ranges from 10.3 to 12.3 to Irhi8rons at 7.5, 15, and 20 mm
respectively.

The next trap, D2, is situated at seven metershdd@pie trap expresses initial
sedimentation of 8.3 at 0 mm with one coarse pédR anicrons at 5 mm. The
subsequent sediment decreases to 10.9 micronsbatnth2.

Trap D3 is at eleven meters depth and illustratesladefined coarse sediment
peak. The initial sedimentation is 8.6 microns amuleases to 16.3 microns at 5 mm.
The particle size then slowly decreases from 12 12t4 microns from 7.50 to 15 mm.

The bottom trap D4, is situated at fourteen madefgh. The sediment coarsens
gradually from 0 mm to 12.5 mm with 7.9 to 10.6 raits respectively. A peak occurs at
15 mm with 16.1 microns. Particle size then griighdecreases to 11.7 microns at 27.5

mm.
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year-long grain size dakote that 0 cm marks the bottom of the trap.
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Mooring E: Year-Long Traps (Figure 3.8)
Trap E1 is located at three meters depth on theybadtric rise separating the East and
West Basins. The basal sediment is 7.5 micromainGize steadily increases to 16.3
microns at 10 mm. The subsequent sediment desrgaadually from 16.4 microns at
12.5 mm to 13.2 microns at 30 mm.

The bottom trap E2 is situated at five metershlefthe grain size analysis
expresses an increase of particle size from 9181® microns from 0 to 12.50 mm. The

particle size then gradually decreases to 13.3angat 37.5 microns.
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Figure 3.8: Mooring E year-long grain size datate, 0 cm is the bottom of the trap.
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Mooring F: Year-Long Traps (Figure 3.9)

The upper-most trap, F1 is at three meters deptie sediment has an initial particle size
of 6.7 microns at 0 mm. The grain size then coe$e 12.0 microns at 7.50 mm and
decreases to 11.3 microns at 10 mm.

The middle-depth trap at six meters is F2. Thsmabsediment is 6.7 microns and
gradually increases to 12.8 microns at 10 mm. grhe size then decreases to 11.8
microns at 15 mm.

The bottom-most trap, F3, is located at nine nsadepth. At 0 — 2.5 mm grain
size is 8.0 to 8.7 microns. The particle size éases to 8.1 microns at 5 mm and
subsequently increases to 14.0 microns at 10 mine. gfain size then gradually

decreases to 12.8 microns at 22.5 mm.
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Figure 3.9: Mooring F year-long grain size ddiote that 0 cm marks the bottom of the trap.
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Mooring G: Year-Long Traps (Figure 3.10)
Trap G1 is located at three meters depth and shastsady increase of grain size from
5.9 microns to 9.1 microns from 0 to 5.0 mm.

The second trap, G2, is situated at nine metgrthdeThe first three sub-samples
(0 mm, 2.5 mm, and 5 mm) exhibit grain sizes of 6.8, and 5.3 microns. The particle
size then increases to 11.7 microns at 10 mm aa@s& peak. The subsequent sediment
steadily decreases to 8.0 at 17.5 microns.

The middle trap at twenty meters depth is G3.sairticle size is gradually
increasing from 6.0 to 9.5 microns from 0 to 12/m.mA defined coarse peak ranging
from 15 mm to 17.5 mm with the maximum coarse pkesias 14.3 microns at 17.5 mm.
The subsequent particles grade to 9.0 microns atrgs

Trap G4 is situated at twenty nine meters deptie grain size gradually
increases from 5.9 to 8.6 microns at O to 10 mmpaetsvely. The coarse peak occurs at
12.5 to 15 mm with grain size of 13.9 and 14.3 onist. The following particle size
steadily decreases to 8.8 microns at 22.5 mm.

The bottom-most trap is G5 at thirty four meteeptth. The grain size gradually
increases from 5.5 microns at 0 mm to 9.0 micrar22& mm. The major coarse peak
occurs at 32.5 mm with a mean size of 13.3 micrdtarticle size then gradually and

step-wise decreases to 9.1 microns at 45 mm.
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Figure 3.10: Mooring G year-long grain size datite that 0 cm marks the bottom of the trap.



3.4 — Weather & Environmental Data in Linnédalen

3.4.1 — Air Temperature (Figure 3.11)

The air temperature follows a general trend of V@nability in the spring and summer
months and high variability in the winter monthEhe late July and early August
temperature ranged from 6 — %@ and gradually decreased to 0 206by late August.
The temperature began to fluctuate greatly in Gatebith a range from -13 =%. The
temperature continued to be highly variable witthisi of 3C in December and January
to lows of -20 to -25C in February and March. The temperature begaeach
consistent values in late May with lows of°c to highs of 12C in July. The maximum
temperature for 2007 — 2008 was August 2, 2007 #4t09°C and the minimum was
March 2, 2008 with -25.1&C.

3.4.2 — Precipitation (Figure 3.11)

The precipitation throughout 2007 and 2008 wagjtieatest in the fall and spring
months (May — October). The two largest rain ev@mthe fall and summer months
occurred on October 22, 2007 and June 22, 2008.wiiliter was dry the most part
except for two large events on December 25, 20@7January 1 — 2, 2008 both of which
accumulated 3 mm or more precipitation. The gstgieecipitation event for 2007 —
2008 was on January 1-2, 2008 with 4 mm.

There were six major fall 2007 precipitation ewenAugust 18 — 20",
September 27— October T, and October®all had a maximum accumulation of 1.4
mm. October 2B had a maximum of 1.2 mm. The most significantjmiation event
was October 2% — 23 with a maximum of 3.6 mm accumulation. The lasjonevent

of October was the 37— 28" with a maximum accumulation of 2.4 mm.
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The spring precipitation events decreased in ntadaiof accumulation as the
season progressed. The first major event was2Rire2%' with a maximum
accumulation of 2.8 mm. The next major event waeBd — July £ with 1.8 mm of
precipitation. July 11 — 13" was the next occurrence of high precipitation \ith mm.
The last event before the sediment traps are reedweas July 19— 27 with 1.0 mm

accumulation.
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3.4.3 — Solar Radiation (Figure 3.12)

The solar radiation in July 2007 began to decreagbe summer months passed. By the
end of October, 2007 there was minimal solar ramhads the region was covered by 24
hour darkness. In mid-February, 2008 the lightnregd and increased to a maximum in
the June and July 2008 months when the region wdg 84 hours. The maximum solar
radiation was July 14, 2008 with 813.1 W/at 3:00 in the afternoon.

Figure 3.13 and Table 3.2 describe the maximumesgalor solar radiation,
temperature, and precipitation events for June 22y 22, 2008. There were days when
the solar radiation maximum was directly relatethevtemperature maximum, but some
days were delayed. On this scale, the solar iadiatagnitude exceeded temperature

until July 18",

94



Solar Radiation 2007 - 2008
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Figure 3.12: The solar radiation data for the 20@0D08 year. The hiatus of data from Octobe2@®;7 to February 15, 2008 was
due to polar night. Solar radiation was highestune and July due to 24 hour sunlight.
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Table 3.2: Spring 2008 Weather Data
Date Max Precip. Max Solar Radiation Max Temp
mm W/m2 C

22-Jun 2.80 136.9 4.99
23-Jun 0.40 769.4 457
24-Jun 0.20 348.1 3.31
25-Jun 0.00 454.4 457
26-Jun 0.00 714.4 7.43
27-Jun 0.00 455.6 7.03
28-Jun 0.00 744.4 5.81
29-Jun 0.00 554.4 7.43
30-Jun 1.80 355.6 5.81

1-Jul 0.20 204.4 5.4

2-Jul 0.00 435.6 5.81

3-Jul 0.20 608.1 6.22

4-Jul 0.00 544.4 7.43

5-Jul 0.00 593.1 7.03

6-Jul 0.00 256.9 5.81

7-Jul 0.00 563.1 8.23

8-Jul 0.00 195.6 4.99

9-Jul 0.40 148.1 6.22
10-Jul 0.00 578.1 4.15
11-Jul 0.20 261.9 2.89
12-Jul 1.20 145.6 457
13-Jul 1.20 268.1 6.62
14-Jul 0.00 813.1 7.83
15-Jul 0.00 226.9 7.43
16-Jul 0.00 488.1 9.82
17-Jul 0.00 371.9 9.03
18-Jul 0.00 391.9 10.6
19-Jul 0.20 163.1 7.43
20-Jul 0.60 241.9 7.43
21-Jul 0.20 314.4 8.23
22-Jul 0.00 494.4 11.77

Table 3.2: This table describes the maximum vabiigsecipitation, solar radiation, and
air temperature for June 22 — July 22, 2008.
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3.4.4 —Snow Tree (Figure 3.14)

The snow tree collected the daily light intensigjues from July 2007 until the snow fell
in October. The two bottom loggers (7 cm and 1% were covered on October 2, 2007.
The uppermost logger at 45 cm was covered on OciQ®#007. The rungs were not
exposed until July 11, 2008 when the two upperr@stm and 30 cm) loggers collected
light intensity. They were likely not fully expasentil July 13, 2008 when the light
intensity increases dramatically. The third logget5 cm followed with an exposure on

July 14" and the bottom rung at 7 cm was the last on Jaify 1
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Figure 3.14: These three graphs describe the sre@ndata. The uppermost is the yearly
data, the middle is the October 2007, and the boisoJuly 2008. The October data
shows when the loggers were covered with snow laaduly data shows when the

loggers were exposed to the light again.
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3.4.5 — Stream Temperature (Figure 3.15)
The stream temperature was high (5 “@Pthroughout late July and into August, 2007.
The diurnal pattern ranged 4 °® between afternoon and night temperatures. On
August 2F' temperature dropped dramatically ned€0 The diurnal pattern continued
with a high of 6.8C on August 2% until the temperature reached® on September
10". An anomalous spike in temperature occurred teBeber 18 — 23" when the
temperature reached 28. September 22was when the temperature reaché@ @nd
remained throughout the winter.

On June 26, 2008 the stream temperature reaches’€ €or the first time since
September 2007. The stream quickly warmed in endlpattern to 2C on June 29
then 2°C on July &, 3°C on July &', and past 4C on July 8. The stream reached a

maximum temperature of 12°€ on July 23, 2008.
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3.4.6 — The Intervalometer (Figure 3.16)

The intervalometer showed sediment accumulatioimbétgy on August 12, 2007. The
first major sedimentation event began on Septe@¥emd continued until September
7™ After a brief calm, the second fall event ocedron October™. Minor events
occurred throughout the winter. The first sedin@rgnt of spring 2008 occurred on
June 2% which was followed by a significant event on J&R— 6". The next major

event was on July f4- 18", A minor event occurred on July®21
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July 2007 - July 2008

1.25

1.00

0.75

Voltage (V)

0.50

0.25

OOO T T T T T T T T T T
Jul-07  Aug-07 Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08

Date

T

Jul-08

Aug-08

Figure 3.16: The intervalometer illustrates theedaf sediment accumulation at Mooring C. No## the sediment continually

increased with time with major events in Augustept®ember 2007 and June — July 2008.
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3.4.7 — Mooring C Temperature Loggers (Figure 3.17)
The year-long temperature loggers at Mooring Ceotdld measurements at 30 minutes
intervals. The lake temperature in the fall of 208ached a high of 6%€ on August
15" as measured in the loggers at 3 meters and 6 th.d&pe loggers at all depths
reflect diurnal temperature changes as the lakengatdually decreased in temperature
until October 8. On October " the bottom water (14 m) began to show temperature
warmer than the upper water (3 m and 6 m) as tr@enkiater column dropped below 3
°C. Lake water continued to decrease in temperatutitOctober 1% when the whole
column warmed to near®C. The temperature continued to drop until Oct@&— 27"
when the whole column reached@ As the winter months progressed the bottommwate
(14 m) warmed to approximately 0.7 — 6®@while the upper water (0-10 m) ranged
from 0 — 0.1°C.

On June 4, 2008 the 3 — 10 m water began to Bfiglarm above 6C. The top
water gradually warmed until June™@hen the temperature exceed&@.1The water
at 6 m depth warmed pasf@ on July &. The following day, July4 marked the first
significant temperature increase from 3 — 10 medegh. The next warm water event at
depth 3 — 10 m occurred on July 7™ However, the 14 m water did not change until
July 13" when temperature increased froffClto 2°C on July 18. The water column

continued to warm through July with a maximum terapgre at 3 m of 3.9C.
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3.4.8 — Spring Turbidity and Temperature at MooribgFigure 3.18)
The In-Situ Troll was deployed at 14 meters at NtopiC on April 13, 2008 and
collected measurements of turbidity and temperati®minute intervals. Turbidity
from April 13" to June 2% remained consistently between 0.05 — 0.1 FNU.e 2#f to
July 39 marked a rapid increase in turbidity from 0.1 6 BNU. The first major
turbidity event occurred on July 4 - 5 when thauealincreased from 0.5 to 27.5 FNU.
Several subsequent turbidity events occurred fithtlawer magnitude. July™7
shows turbidity of 15.2 FNU and Julyi8hows 21.7 FNU. These turbidity events,
except for July 18, match with temperature spikes. JuitBe temperature reached 2.6
°c, July 7' temperature is 2°6, and July 14 (slightly delayed from July 1§ had a

temperature of 3.%C.
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Figure 3.18: The Troll turbidity and temperatuetadare presented in this image. The
red line is the turbidity. Note the turbidity spacgenerally match with the temperature
spikes.
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CHAPTER FOUR

DISCUSSION
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The stratigraphic and textural changes seen isg¢dement traps are interpreted as the
components which form varves. A varve is defing@lzouplet representing a year of
deposition. The couplet is classified as coargemser silt layer overlain by a finer clay
layer (Smith and Ashley, 1985; Sturm, 1979). Tharp change in grain size, from fine
silt to coarse silt, seen in all of the sedimeaps$reach year, reflects the boundary of two
different varves. A classic varve couplet in aafional year is defined as coarse
“summer” sediment grading into a fine “winter” layeHowever, because of the time of
deployment and retrieval, a sediment trap yearrisegith fine winter layers overlain by
coarse summer sediment. Thus each trap contaitssqgfawo varves. For the purpose of
comparing this study with the previous four, thioieing discussion refers to sediment

trap years unless otherwise specified.

4.1 — Interpretations of Grain Size Analysis

The grain size results from Mooring C year-long apdng traps are interpreted with the
weather data results in this section. Each sedievant seen in year-long trap C4 and
spring trap SC3 are described in detail with weadimel temperature logger data to
determine the driving force of each event. Thethwadata figures refer to those shown
in Chapter 3, Results.

4.1.1 — Fall Event: Weather & Watershed Data

Through comparisons of stratigraphy of the yeagland spring bottom traps at
Mooring C, a coarse layer in shown in C4 was foonatto be in SC3 (Figure 4.1). The
first coarse spike is determined to have occurreat o April 13, 2008. This event was

not present in the Mooring D traps, thus likely @ak event. This coarse event followed
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fine silty sediment ranging from 7 — 10 micronshwlit micron sediment. The
intervalometer data shows evidence of a signifisadiment pulse event at Mooring C
on September 2 — 7, 2007 (Figure 3.16). The arsaream temperature had started to
show a decreasing temperature trend with greatenali variability (3 to 5C for air
temperature, 5 to T for stream temperature) from August 22; howeagriemperature
and stream temperature had a prolonged high Septe3nb5 (Figures 3.11 & 3.15).

The temperature increased stepwise with up®® diurnal variability from September 3
- 5. The combination of the consistent warmer terafures and a precipitation event on
September @ created enough energy in Linnéelva to flow morarse sediment.
Following this spike, the grain size decreasedrapdesented the completion of summer
sedimentation in Linnévatnet for 2007.

4.1.2 — First Spring Sediment Event: Weather & \\ded Data

The first sedimentation of the 2008 melt seasoreased from 11 microns to 27 microns
in trap C4 and ranged from 22 to 26 microns in $&igure 4.2). This first sediment
event was shown in the intervalometer and turbidéta on July 4 — 6, 2008 (Figures
3.16 & 3.18) and the influences include temperatsméar radiation, and stream
temperature. May 22marked the conclusion of high winter diurnal aimperature
variability of 5 — 8°C (Figure 3.11). The subsequent air temperatui@fed an
increasing trend with low diurnal variability (37°C). July 2 — 5 held a prolonged
increasing temperature trend. Solar radiationdisd been increasing since May with
high diurnal values (Figures 3.12 & 3.13). ThrooghJune the solar radiation greatly
varied day to day ranging from highs greater th@d 8//nf to lows of 120 W/rh

However, from July 3 — 5, the solar radiation maximvalues remained consistently
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above 500 W/rh Stream temperature behaved similarly with thergil temperature
changes beginning June 20 (Figure 3.15). The dadlyimum increased t&Q by June
29. On July % the temperature reached@, July 4" it was 3°C, and on July%the
temperature reached’@. The lack of precipitation suggests that thfloim
sedimentation event was caused by nival melt whershowpack eventually becomes
isothermal with increasing radiation and tempeeg{fNVoo, 1993). The plume camera
images also suggest nival melt (Figure 4.3).

The temperature, solar radiation, and stream testynes were consistently high
from July 2 — 4. The catchment responded to tmsistent warming with the spring
freshet on July® The stream maximum temperature of July 4 w3 &t 5:30 pm. On
the night of July # at 11:00 pm, the lake temperature loggers shoheevarm
inflowing stream water at 10 meters with cooleravatbove and below (Figure 3.17).
The temperature offset was due to the distanceeo$tream gage from the mooring. July
5" showed similar behavior; with water at the 3 m &fidn levels water increasing in
temperature. The water at depth, 14 m, remainedanged throughout the event, thus
indicating that the event was determined to bengerflow.

Because the temperate of the water at 14 m depthained consistent throughout
the first sedimentation pulse, the bottom water stdisin “winter stratification.”
However, this first showed an increase in tempeeadti 10 m indicating that the lake
stratification was changing synchronously. While bottom water remained cold, the
inflowing current flowed at the 10 m level, thushbeing as an interflow (Figure 4.4).

In this situation stream flow lagged air temperatand ripening of the snowpack as it

likely retained meltwater for several days (Figarg) (Woo, 1993).
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Figure 4.1: The dotted dashed line representsdhelusion of winter sedimentation and the begigruhspring sedimentation. The
coarse peak seen below the dotted dashed line is @3t seen in SC3, thus occurred prior to thdayapent of SC3. The dotted line
represents the conclusion of winter sedimentati@hthe beginning of spring sedimentation.
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Figure 4.2: The first sedimentation event on BH#y5, 2008. The event was determined to be anfliony.
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June 24, 2008 at 4:10 pm

July 4, 2008 at 4:10 pm

Figure 4.3: These two plume pictures depict treagamount of snow melt that occurred
in Linnédalen from June 24 to July 4, 2008. Tratyses indicate that the July 4-5, 2008
sediment event must have occurred as a nival ot f
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Figure 4.5: Stratified inflows of turbid wateromRhe first sedimentation event in
Linnévatnet, an interflow was determined. FromtB8rand Ashley, 1985.
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Generation of meltwater, McMaster River, near Resolute, NwT, May—
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Figure 4.6: Diagram by Woo, 1993, describing tekagin discharge of an Arctic river.
Note the increasing temperature trend lasting plecef weeks and snow melt several
days prior to river discharge. The peak dischardie river is slightly offset from the
peak snowmelt.
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4.1.2 — Minor Events: Weather & Watershed Data
The intervalometer and turbidity data show minatisent events occurred on July 6-8
between the first and second major events (FigduEs & 3.18). On July 7 the stream
temperature reached a maximum of €7 Figure 3.15) and the air temperature reached
8.3°C (Figure 3.11). The mooring temperature logghms\&d that on July 7 — 9 there
was activity at 10 meters with spikes nearifi€ {Figure 3.17). At 3 m and 6 m, there
were temperature spikes asynchronous with the teanpe at 10 m. These spikes were
likely associated with overflows. Meanwhile, wadérl4 m water remained undisturbed.
4.1.3 — The Second Major 2008 Event: Weather & Y¥hesl Data
The second major sedimentation at Mooring C hatigkasize range of 16 — 20 microns
in trap C4 while trap SC3 ranged from 14 — 17 mrmer{Figure 4.7). This second major
sedimentation as seen in the intervalometer arudity data occurred on July 13 — 15
(Figures 3.16 & 3.18). Unlike the earlier sprimgshet pulse, this event followed a
precipitation event that occurred on July 12 arlg 18 (Figure 3.11). Also, between
July 12 and July14, the diurnal low air temperainoeeased from 1.8C to 5°C while
the diurnal highs increased from 4Gto 7.8°C. Solar radiation was low, below 300
W/m?, on July 12 and 13; On July"1#he radiation jumped to a maximum of 813 \W/m
(Figures 3.12 & 3.13). Stream temperature graatgeased within this time frame as
well; July 12 was 3.4C, July 13 was 4.6C, and July 14 was 7€ (Figure 3.15).

The second sediment pulse strongly affected teed&atification since 14 m
water had finally warmed from 1%€ on July 13 to 2C on July 14. The whole water
column increased in temperature on the morningilyf I3 to the evening of July 14,

thus this event behaved as a homopycnal flow (Eigu®). The traps SC1, SC2, and
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SC3 all reflect homopycnal activity. Loggers frome night of July 14 showed that an
underflow occurred that night and then an overftmaurred in the afternoon of July 15.
This event was apparently primarily influenced bgaipitation. Plume camera
images illustrate the lack of snow in the valleytés time (Figure 4.10). Although the
snow tree indicates that significant melting ocedron July 13, the tree was located in a
depression where snow was able to linger longer ith#éhe exposed areas. Therefore,

this second sedimentation event was produced Igndisant precipitation event.
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Figure 4.7: The second sedimentation event on1Rily 15, 2008. This event was determined to lb@naopycnal flow followed by
smaller interflows and overflows.
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B. Homorpyenal  Inflow

Figure 4.8: A diagram of a homopycnal flow by Smand Ashley, 1985. The
homopycnal flow is a homogenous dispersion of tifilewing turbid water throughout
the whole water column.
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July 13, 2008 at 4:10 pm

Figure 4.9: Plume camera images show snow meffression in Linnédalen while the
lake ice melts and blows away from the south enti@fake. The second sedimentation
event occurred while the lake was ice free.
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4.2 — Sediment Flux, 2007 — 2008
The sediment flux at Mooring C did not exhibit #spected trend of increasing with
depth. The flux was 0.117 g/émat 6 m, 0.075 g/chat 10 m, and 0.164 g/dat 14 m.
This discrepancy is evidence for a dominance offtoxgs and interflows over
underflows. Overflows would result with more sedimhaccumulation and coarse grain
size at shallow depths; interflows would resultiia same at intermediate depths, and
underflows at the bottom.

For 2007 — 2008, the interflow dominance was seehe grain size of SC2 and
SC3 (Figure 4.10). Trap SC2 contained coarsengffaom the first sedimentation event
(24 to 31 microns at 0 — 25 mm) than the deepert&p3(23 to 26 microns 0 — 27.5
mm).

Trap SC1 showed mean grain size with a maximum it8ms at 0 — 2.5 mm and
subsequently 14 — 16 microns to 60 mm. Trap S@&lupper 40 mm of SC2, and the
upper 30 mm of SC3 reflected homopycnal flow sisicgilar 14 — 16 micron grain size

existed throughout all three traps.
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Figure 4.10: Comparison of grain size between AP an and SC3 at 14 m. The green
lines are for theLevent and the pink for the subsequent events.
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4.3 — Comparison of Sediment from Previous Years

The sediment flux is given for each year of Moorihgediment analysis from 2004 —
2008 in Table 4.1. In 2003 — 2004, the receivirges were too short for the
accumulation, thus the stratigraphy could not heeoted determined. Due to this lack

of data, 2003 — 2004 has been removed from the ositepanalysis.

Table 4.1: Sediment Flux (g/rf) at Mooring C

Trap Depth 2004 - 2005 2005 - 2006 2006 — 2007 0202008
Cl 3 meters| 0.027 0.240 0.106 LOST
C2 o6 meters| 0.128 0.310 0.257 0.117
C3 10 meters| 0.159 0.320 0.329 0.075
C4 14 meters| 0.251 0.299 0.463 0.164

Table 4.1: The data from previous years presentéie table were collected from
Motley, 2006; Roop, 2007; and Cobin, 2008. Thentlrsize values to determine
sediment flux were different for each dataset. Z&f7 — 2008 an average of the 4 funnel
size was used.
From 2004 — 2007 the sediment flux was increasindaoring C while in the 2007 —
2008, it decreased dramatically. The 2007 — 2098viras only 35% of the previous
flux. The first and third sets of data show thpemted trend of flux increasing with
depth. The second and fourth show variabilityhatrooring; 2005 — 2006 increased in
flux from C1 to C3 but decreased at C4 while 20@0688 show a higher C2 and a
maximum C4. Both years had to have been domirtatedterflows and/or overflows
for this variability to occur.

A composite of grain size analysis of the lowerticegp at Mooring C for all four
years is presented in Figure 4.11. The summ2005 sediment showed four distinct
coarse peaks decreasing from the 23 micron frésheéan grain size as the season

progressed (Motley, 2005). The summer 2005 |lagreged from 5 cm to 13 cm in the

composite sequence. The winter 2005 layer wasoappately 5 cm thick and contained
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a minimum grain size of 6 microns (Roop, 2006). §han size subsequently increased
to two peaks of 38 microns in the summer 2006. Stmamer of 2006 was 19 cm to 26

cm. The winter 2006 accumulated approximately @€ sediment ranging from 5.5 —

12.5 microns (Cobin, 2008).

The summer of 2007 accumulated the most sedimermtfale four years (33 cm
to 49 cm). There were six distinct coarse sediregants. The first was 25 microns and
the fourth was 33 microns. As the sediment graie decreased to winter characteristics
there were two small peaks. The winter of 2007 Svam thick and finished with a
coarse peak of 17 microns. The summer of 200Basacterized by one major event of
27 microns and a minor event of 18 microns. Thal taccumulation of the four years
culminated in the summer 2008 with 61 cm.

The grain size from the tops of the 2005 — 2006thrd?006 — 2007 plots do not
match with the basal grain size of the subsequept tThis is possibly due to sloughing
of coarser grain particles during trap retrievéfedences in statistical analysis of the
grain size, or missing sedimentation between nedtiend re-deployment of the next set

of traps.
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Four Years of C4 Trap Analyses
Winter 2004 - Summer 2008
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Figure 4.11: This is a compilation of the previtluse years of C4 grain size data. Each colaesgmts a different trap year with

the blue as the data from the analysis of year 2008
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4.4 — Comparison of Weather from 2004 - 2008

Weather data had been continuously collected frafall of 2004 to the summer of
2008 at the weather station near the south endhoilatnet. The composite weather
data are presented in depositional years.

The average monthly air temperature data showadvtag temperatures were
typically approximately -2C for three of the years. A temperature 8€0n 2006 was
an exception (Table 4.2, modified from Cousot, 200Bhe June and July temperatures
decreased by 0.9 — 1.4 degrees from 2006 to 2008.August temperatures decreased
from between 2005 and 2008, whereas the Septemigetatures increased over the
same period. The winters had variable temperatwitisMarch typically the coldest
month.

The solar radiation data showed that annual radfiaticreased from 2005 — 2008
to from 736 W/m to 816 W/ni (Table 4.3, modified from Cousot, 2008). From 2005
2007 the maximum solar radiation occurred in Maylevim 2008 the maximum occurred
in June.

Precipitation showed a decreasing trend betweed 268 2008 from 977 mm to
269 mm annually (Table 4.4, modified from Cous®0&). The July and August
precipitation decreased over time as well. Ea@r ghowed significant precipitation in

the fall and winter months.
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2004 — 2005 [2005 — 2006 [2006 — 2007 [2007 — 2008 {2008 — 2009
Table 4.2  [Summer- |Summer- |[Summer- [Summer- [Summer -
\Winter \Winter Winter Winter Winter
MAY -2.02 -0.02 -2.18 -2.05
JUNE 3.16 3.75 3.45 231
JuLY 5.99 6.56 6.50 5.66
AUGUST 5091 6.40 5.68 5.49
SEPTEMBER| 140 | o005 | 103 1| 160 b
OCTOBER 310 533 5.72 -2.29
NOVEMBER 1091 -3.66 -4.42 -5.94
DECEMBER -6.49 -3.37 -6.51 -7.39
JANUARY 717 2,70 9.01 -5.88
FEBRUARY 6.54 -9.03 -8.64 -8.07
MARCH -14.30 -12.71 -6.46 -13.31
APRIL 8.65 -0.51 -9.60 -10.02

Table 4.2: Average monthly air temperatur€Gnfrom the Linnédalen weather station.
Modified from Cousot, 2008 to represent depositiyears.
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2004 — 20092005 — 20042006 — 20072007 — 20042008 — 200¢
Table 4.3 Summer - [Summer - [Summer - |Summer - [Summer -
\Winter \Winter \Winter \Winter \Winter
MAY 20453 | 171.67 | 199.72 | 193.29
JUNE 174.99 154.47 187.17 213.16
JULY 136.68 123.91 150.06 | 146.15
AUGUST 81.00 63.05 74.37 87.96
SEPTEMBER | 3551 | 3100 | 3447 | 3557 |
OCTOBER 4.63 517 5.92 4.92
NOVEMBER 0.60 0.60 0.60 0.60
DECEMBER 0.60 0.60 0.60 0.60
JANUARY 0.60 0.60 0.60 0.60
FEBRUARY 156 187 1.66 1.93
MARCH 27.19 30.26 26.62 33.11
APRIL 102.63 | 86.26 101.26 | 112.95
provalsolar| 25432 | 7359 | 69615 | 815.19

Table 4.3: The average monthly solar radiatiowim? for each varve year. The annual
solar total solar radiation is summed in the bottom. Modified from Cousot, 2008 to
represent depositional years.
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2004 — 2005 [2005 — 2006 [2006 — 2007 [2007 — 2008 [2008 — 2009
Table 4.4 [Summer- [Summer- [Summer- |Summer- [Summer -
\Winter \Winter \Winter \Winter Winter
MAY 9.40 12.40 2.20 8.00
JUNE 8.40 30.00 40.40 28.20
JULY 73.60 40.00 32.60 0.03
AUGUST 56.00 54.80 46.60 31.60
SEPTEMBER | 1040 | as80 | 2600 | asa0 1
OCTOBER 32 20 22 00 4.60 0.04
NOVEMBER | 180.24 10.80 17.80 4.80
DECEMBER 279 05 48.60 22.00 28.80
JANUARY 122 41 126.00 4.20 73.20
FEBRUARY 155.02 15.80 0.40 11.80
MARCH 132.82 3.40 57.80 0.00
APRIL 3.00 8.40 3.20 0.00
I\CN’LQLAL 977.14 426.00 265.00 268.84

Table 4.4: The total monthly precipitation accuatign in mm. The total annual
precipitation is summed in the bottom row. Modifieom Cousot, 2008 to represent
depositional years.

The weather data show that there was an annuaakang trend in temperature,
an increasing trend in solar radiation, and a detng trend in precipitation from year to
year. However, the sediment flux evidence is oisstent with these trends. The
sediment flux increased from 2004 to 2007 and dea@ in 2008. The highest annual
solar radiation and the least sediment flux for26@008 is incongruous. The 2006 —

2007 year is the intermediate of the decreasingtation and temperature trends yet

yields the greatest sediment flux. Thus, lookihgeather trends alone over the four
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years does not provide conclusive evidence as #i ditives sedimentation in
Linnévatnet. Each year is unique in temperatwiarsadiation, precipitation, snow
accumulation, etc. which all influence sedimentatio varying degrees. Therefore each

sediment event in Linnévatnet may be unique irdtineng force.

4.5 — Comparison of Lake Bottom Deposition from 200— 2008

The equivalent thicknesses for lake bottom depwsitiom the previous studies are
presented as “trap years” which start with winéfers and progress to summer layers.
However, the conventional varves start with sumiaeina then to winter lamina. Thus,
the equivalent thicknesses calculated in the pusvibeses are not applicable to varved

deposition on the lake bottom (Table 4.5).

Table 4.5: Lake Bottom Deposition at Mooring C — Huivalent Thickness

Trap Depth 2004 - 2005 2005 - 2006 2006 — 2007 0262008

C4 14 meters| 1.4 1.7 2.6 0.9

Table 4.5: The equivalent thicknesses for lakédnodeposition as calculated by
previous studies. These values are presentedmgdars and cannot be applied to varve
chronology.

The thin section from the top of the core colldci Mooring C shows recent
laminae of varying thicknesses. The light layeesiaterpreted to be coarse summer
layers while the dark are finer winter layersmlist be noted that the core was not
collected at the exact location of Mooring C, aitgb it was collected in the general
vicinity.

Figure 4.7 shows the sediment core with the inetgal trap years — starting with

2008 as the first summer layer at the top, assuthiagthe top of the core represents the
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newest sediment. Table 4.6 describes the thickofessch single lamina and the total

thickness of the couplet.

Table 4.6: Thickness of Lamina from C Core
Lamina Average mm Year
Summer 1 1.7 2008
Winter 1 1.5 2007 - 2008
Summer 2 1.9 2007
Total 3.4
Winter 2 0.6 2006 - 2007
Summer 3 1.7 2006
Total 2.3
Winter 3 2.9 2005 - 2006
Summer 4 7.3 2005
Total 10.1
Winter 4 2.3 2004 - 2005
Summer 5 3.7 2004
Total 6.0

Table 4.6: The average mm is the average of ibkrtbss of each lamina from the right

and left sides of the thin section. The first lageassumed to be summer 2008.

The couplets vary in size from 2.3 mm to 10.1 nifhe largest couplet is summer 2005

to winter 2006. The smallest complete coupletimmer 2006 to winter 2007 with 2.3

mm.

The interpretations of the trap stratigraphy drelthin section laminae are shown

in Figure 4.12. The first layer is assumed to B@&and the ages are counted back

subsequently by lamina.
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Figure 4.12: Comparison of the thin section wité tour years of collected grain
size data. The gradients express the graded bheudividual varves. The top
summer layer is assumed to be summer 2008.
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Table 4.7 describes the composite sediment acatimlthickness in the traps as

depositional varves.

Table 4.7: Composite Trap Accumulation

Trap cm mm |Year

Summer 5 50 2008
Winter 5 50 | 2007 - 2008
Summer 18 | 180 2007
Total 23| 230

Winter 9 90 | 2006 - 2007
Summer 6 60 2006
Total 15| 150

Winter 10.8 | 108 | 2005 - 2006
Summer 3.0 30 2005
Total 13.8 | 138

Winter 4.3 43 | 2004 - 2005
Summer NA NA 2004
Total NA NA

Table 4.7: The values of layer thickness fromdbmnposite graph of 4 years of sediment
trap accumulation. Summer 2004 is unavailable.

The greatest sediment accumulation in sedimens sapMooring C was the 2007 — 2008
depositional year with 230 mm. However, this lagerthe thin section does not relate to
sediment trap correlation if the top layer is assdio be summer 2008. The thickest

varve on the thin section is designated 2005 waadumulated 138 mm. Relatively, the
thickest layer in the thin section should corregptmthe thickest sediment accumulation
in the trap. However, the thickest layer in thia tection cannot apply to the summer of
2007 because there are varves on top. Thudjkelg that the top of the core must have
lost sediment during retrieval or transportatidime 71 — 90% efficiency of the sediment

trap (Gardener, 1980) may have also participateddrdiscrepancy.
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CHAPTER FIVE

CONCLUSIONS
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Sediment trap stratigraphy is greatly controlledsbgisonal sedimentation. The winter
sedimentation is fine-grained silt and generallgianer unit than the summer layer. The
winter layers occur after the summer peaks ofemterature, stream temperature, and
solar radiation. The summer sedimentation is Hlt;- 27 microns, and strongly
influenced by air temperature, solar radiation /angrecipitation. Multiple fining
upward sublayers within the summer sediment reftedtiple inlet stream discharge
events. The events may have occurred by differdloiences such as snowmelt peak and
summer precipitation.

Traps C4 and SC3 describe the sedimentation &2@07 — 2008 trap year. The
difference between the two traps is the appearahfieer grained basal sediment in C4.
The sharp and significant boundary between thedmecoarse sediments indicate that
the sediment reflects the characteristics of varvidse finer grained sediment was the
conclusion of the 2007 deposition year and thessograined sediment was the
beginning of the 2008 year.

The grain size characteristics of C4 and SC3 coetpaith the weather and
environmental data indicate that the first sediragon pulse of the 2008 meltseason
occurred on July 4 — 5, 2008 and was an interfldle plume camera images
determined that the pulse was due to a nival floheWwing several days of high
temperature and solar radiation. The nival flovs \ieely delayed because meltwater
retention in the snow. The snowpacks melted dte&tdm June 24 to July 4, 2008, but
did not affect the lake inflow until July"™4

The second sediment event was determined to oecimgdluly 13 — 15. This

event was influenced by a significant precipitatement on July 12 — 13, 2008. Since the
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majority of the snow had melted during the firdisgntation event, the precipitation
strongly affected the stream. The resulting stréiam entered the lake as a homopycnal
flow.

The sediment accumulation for 2007 — 2008 depmsitear was large with 230
mm as compared with previous years which were 180amd 138 mm for 2006 and
2005 respectively. The air temperature and pretiph were lower than the previous
year (2006 — 2007) while solar radiation was cdasidy higher throughout May —
September, 2007. Thus the influence, as comparprevious years, for the 2007 — 2008
deposition year was high solar radiation.

Correlation between varve thickness and weather fdam the past four years do
not reveal significant trends. More complete asialys needed to determine the
influence of weather on annual sediment yields.

Comparison of thin section stratigraphy with tbarfyears of sediment trap
accumulation was not conclusive. The laminae inctire did not appear to correspond
directly to the composite sediment trap stratigyaph is suggested that the lack of
correlation may be due to loss of the upper lanonah the core due to problems in core
retrieval, handling, or thin section productiontekhatively, it may be possible that due
to the positioning of the inflow in the water coloya key layer or part of a sequence is
missing from the sediment traps and misaligns tneetation. Better core retrieval and
continued modern process work may allow for betterelation in the future.

The ultimate goal of this project was to deterntimeinfluences of sediment
deposition in Linnévatnet for the purpose of calthrg laminae from greater depths in

order to facilitate paleoclimate/paleoenvironmengégbnstruction. This study has
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determined that the influences are unique to tlraseasonal processes depending on air
temperature, solar radiation, precipitation, analxsmelt.

To further continue the study and produce moreessfal results, a series of
sediment cores from the Mooring C location wouldvide more details for deposition.
The multiple cores would relate to each other drahshow sedimentation changes by
slight changes in locality near the inlet. Alsamalti-year sediment trap would provide a
continuous sediment trap record that would coreehall to a sediment core since there
would be no discontinuities between years. Furdémalysis of sediment trap data and
lake deposition with meteorological data would pdeva more detailed record and a

more accurate calibration tool.
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APPENDIX A: SEDIMENT TRAP NOTES

Table 1: Split Sample Total Thickness

Trap Lower (cm) Higher (cm) Total (cm)
Cc2 5.7 6.1 5.90
Cc3 4.0 4.0 4.00
C4 8.8 8.8 8.80
SC1 6.1 6.1 6.10
SC2 7.8 8.5 8.15
SC3 11.0 11.3 11.15
D1 2.4 2.6 2.50
D2 1.6 1.6 1.60
D3 1.6 1.6 1.60
D4 2.6 2.6 2.60
El 3.6 3.8 3.70
E2 4.0 4.5 4.25
F1 13 15 1.40
F2 1.8 2.0 1.90
F3 2.7 3.0 2.85
Gl 1.0 1.1 1.05
G2 2.3 2.3 2.30
G3 4.0 4.4 4.20
G4 2.9 3.0 2.95
G5 5.5 5.5 5.50
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Table 2: Difference in Sediment Accumulation (cm)

Trap | Lab Total | Field Total | Difference | Ratio (L/F)
C2 5.9 8.7 2.8 0.68
C3 4.0 6.8 2.8 0.59
C4 8.8 10.6 1.8 0.83
SC1 6.1 7.3 1.2 0.84
SC2 8.2 10.0 1.9 0.82
SC3 11.2 13.3 2.1 0.84
D1 2.5 4.0 15 0.63
D2 1.6 3.2 1.6 0.50
D3 1.6 3.1 15 0.52
D4 2.6 5.1 2.5 0.51
El 3.7 7.2 35 0.51
E2 4.3 6.0 1.8 0.71
F1 1.4 25 11 0.56
F2 1.9 4.3 2.4 0.44
F3 2.9 3.8 1.0 0.75
G1 1.1 2.5 14 0.43
G2 2.3 4.4 2.1 0.52
G3 4.2 4.9 0.7 0.86
G4 3.0 6.4 3.5 0.46
G5 5.5 7.7 2.2 0.71
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Table 3: Linnévatnet 2008 Dry Sample Analysis
Sediment Flux ( f) and Equivalent Thickness (t)

Trap Dry Density Dry T Volume Sed. mass | f=mla t=f/(bd)*10

glcm® cm cm’ g glcm? mm/yr
C2 1.19 5.90 11.56 | 13.72 0.117 0.65
C3 1.12 4.00 7.84 8.79 0.075 0.42
C4 1.11 8.80 17.25 | 19.21 0.164 0.91
SC1 1.05 6.10 11.96 | 12.54 0.045 0.25
SC2 1.26 8.15 15.97 | 20.06 0.072 0.40
SC3 1.14 | 11.15 21.85| 25.01 0.089 0.50
D1 1.19 2.50 4.90 5.85 0.050 0.28
D2 1.10 1.60 3.14 3.44 0.029 0.16
D3 1.13 1.60 3.14 3.54 0.030 0.17
D4 1.01 2.60 5.10 5.16 0.044 0.25
El 1.29 3.70 7.25 9.39 0.080 0.45
E2 1.07 4.25 8.33 8.91 0.076 0.42
F1 1.03 1.40 2.74 2.84 0.024 0.13
F2 1.08 1.90 3.72 4.01 0.034 0.19
F3 0.96 2.85 5.59 5.36 0.046 0.25
Gl 0.93 1.05 2.06 1.92 0.016 0.09
G2 0.93 2.30 4.51 4.20 0.036 0.20
G3 0.56 4.20 8.23 4.64 0.040 0.22
G4 0.65 2.95 5.78 3.75 0.032 0.18
G5 1.00 5.50 10.78 | 10.73 0.092 0.51

To determine the volume of the sediment, the dry thickness (Dry T) of
each sample was multiplied by the area of the cross section of the
receiving tube. The tubes were 1.58 cm in diameter and the area was
1.96 cm®.

Five different funnel sizes were used in the previous studies, the funnel
sizes used in this equation are averages the funnel sizes. The Year-Long
Trazps funnel size was a = 116.9 cm? and the Spring Traps was a = 280.2
cm©,

The dry density was determined from the dry mass of 0.5 cm® sub-
samples.
The “bd” value used for the Equivalent Thickness equation was 1.8, which

is the average bulk density of Linnévatnet sediment as determined by
McKay, 2005.
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APPENDIX B: GRAIN SizE DATA

The following are the grain size analysis data. The mean and median values for
the 3" run of each sample are given in microns. Sample (0 cm or 0 mm) is from
the bottom of the trap. Each sample consists of all sediment between its bottom
and the bottom of the next sample. All traps were sampled at the same 0.25 cm

or 2.5 mm interval.

The raw data in .Is and .xIs file formats are on the attached CD.

c2
Sample # cm mm Mean (um) Median (um)
1] 0.00 0.0 8.570 5.595
2] 0.25 2.5 15.72 11.11
3] 0.50 5.0 22.87 19.28
4| 0.75 7.5 28.73 26.05
5] 1.00 10.0 31.58 29.39
6| 1.25 12.5 31.00 28.91
7| 150 15.0 30.12 28.48
8| 1.75 17.5 30.47 28.66
9] 2.00 20.0 31.53 29.72
10 | 2.25 22.5 32.78 30.99
11 | 2.50 25.0 33.12 31.66
12| 2.75 275 26.1 22.06
13 | 3.00 30.0 20.61 16.45
14 | 3.25 32.5 19.19 15.2
15| 3.50 35.0 19.21 15.97
16 | 3.75 375 19.15 16.16
17 | 4.00 40.0 17.93 14.44
18 | 4.25 42.5 16.98 13.85
19 | 4.50 45.0 15.91 12.74
20 | 4.75 47.5 15.53 12.56
21 | 5.00 50.0 15.62 12.42
22 | 5.25 52.5 16.13 12.46
23| 5.50 55.0 16.26 13.15
C3
Sample # cm mm Mean (um) Median (um)
1] 0.00 0.00 8.348 5.125
2] 0.25 2.50 10.71 7.143
3| 0.50 5.00 15.63 11.47
4| 0.75 7.50 19.03 14.2
5] 1.00 | 10.00 20.85 15.84
6| 1.25| 12.50 24.66 20.66
7] 150 | 15.00 28.04 24.97
8| 1.75| 17.50 27.49 24.71
9] 2.00| 20.00 21.81 18.64
10 | 2.25 | 22.50 17.99 14.97
11 | 2.50 | 25.00 17.72 14.85
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12| 275 | 27.50 18.44 15.69
13 | 3.00 | 30.00 17.25 14.73
14 | 3.25| 32.50 16.25 13.92
15| 3.50 | 35.00 14.86 12.53
16 | 3.75 | 37.50 14.53 12.15
17 | 4.00 | 40.00 14.06 11.87
18 | 425 | 4250 14.78 12.19
C4
Sample # cm mm Mean (um) Median (um)
1] 0.00 0.0 7.368 4.863
2] 0.25 2.5 7.494 4.739
3] 0.50 5.0 7.586 4.586
4| 0.75 7.5 8.694 5.033
5] 1.00 10.0 8.913 5.409
6| 1.25 12.5 9.253 5.829
7] 150 15.0 9.516 6.398
8| 1.75 17.5 10.21 7.137
9] 2.00 20.0 11.03 8.006
10| 2.25 22.5 13.62 9.953
11 | 2.50 25.0 16.62 12.40
12 | 2.75 275 16.93 12.69
13 | 3.00 30.0 14.05 10.55
14| 3.25 32.5 13.10 9.149
15 | 3.50 35.0 21.58 17.04
16 | 3.75 375 25.42 22.46
17 | 4.00 40.0 26.82 24.21
18 | 4.25 42.5 26.93 24.39
19 | 4.50 45.0 24.93 22.46
20 | 4.75 47.5 22.78 20.27
21| 5.00 50.0 19.64 16.97
22 | 5.25 52.5 18.18 15.48
23 | 5.50 55.0 17.29 14.67
24 | 5.75 57.5 17.80 15.31
25| 6.00 60.0 17.32 15.07
26 | 6.25 62.5 17.21 15.05
27 | 6.50 65.0 16.68 14.72
28 | 6.75 67.5 15.99 13.95
29 | 7.00 70.0 14.75 12.59
30| 7.25 72.5 14.85 12.67
31| 7.50 75.0 14.71 12.29
32| 7.75 775 14.49 12.04
33| 8.00 80.0 14.30 11.79
34 | 8.25 82.5 14.77 11.85
SC1
Sample # cm mm Mean (um) Median (um)
1 0.00 0.00 18.36 16.80
2 0.25 2.50 18.66 16.59
3 0.50 5.00 15.83 13.56
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4 0.75 7.50 14.90 12.67
5 1.00 10.00 15.03 12.71
6 1.25 12.50 14.56 12.37
7 1.50 15.00 14.97 12.82
8 1.75 17.50 15.12 12.67
9 2.00 20.00 15.12 12.81
10 2.25 22.50 15.40 13.10
11 2.50 25.00 15.47 13.15
12 2.75 27.50 15.59 13.35
13 3.00 30.00 15.14 13.02
14 3.25 32.50 14.80 12.58
15 3.50 35.00 15.04 12.69
16 3.75 37.50 15.08 12.86
17 4.00 40.00 15.28 12.97
18 4.25 42.50 15.45 13.00
19 4.50 45.00 15.30 13.02
20 4.75 47.50 15.32 12.91
21 5.00 50.00 15.65 13.32
22 5.25 52.50 15.66 13.23
23 5.50 55.00 14.69 12.06
24 5.75 57.50 15.80 13.31
25 6.00 60.00 14.21 12.22
SC2
Sample # cm mm Mean (um) Median (um)
1 0.00 0.00 23.99 21.04
2 0.25 2.50 25.64 22.77
3 0.50 5.00 27.92 24.55
4 0.75 7.50 27.29 24.28
5 1.00 10.00 26.31 23.34
6 1.25 12.50 27.08 23.90
7 1.50 15.00 26.21 22.98
8 1.75 17.50 26.86 23.63
9 2.00 20.00 28.70 25.56
10 2.25 22.50 28.59 25.90
11 2.50 25.00 30.63 27.27
12 2.75 27.50 25.19 21.84
13 3.00 30.00 20.02 16.75
14 3.25 32.50 16.73 14.02
15 3.50 35.00 16.10 13.39
16 3.75 37.50 16.60 13.71
17 4.00 40.00 16.81 14.01
18 4.25 42.50 17.43 14.71
19 4.50 45.00 18.02 15.21
20 4.75 47.50 17.28 14.66
21 5.00 50.00 15.93 13.62
22 5.25 52.50 16.06 13.67
23 5.50 55.00 15.87 13.43
24 5.75 57.50 14.90 12.43
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25 6.00 60.00 14.46 12.14
26 6.25 62.50 14.10 11.98
27 6.50 65.00 13.52 11.19
28 6.75 67.50 13.77 11.38
29 7.00 70.00 13.94 11.42
30 7.25 72.50 13.76 11.18
31 7.50 75.00 13.92 11.30
32 7.75 77.50 13.40 11.12
33 8.00 80.00 13.81 11.39
SC3
Sample # cm mm Mean (um) Median (um)

1 0.00 0.00 22.76 20.00

2 0.25 2.50 26.13 22.98

3 0.50 5.00 24.46 22.34

4 0.75 7.50 24.47 22.31

5 1.00 10.00 24.68 22.18

6 1.25 12.50 24.58 22.05

7 1.50 15.00 23.87 21.49

8 1.75 17.50 23.98 22.05

9 2.00 20.00 23.23 21.50
10 2.25 22.50 23.29 20.97
11 2.50 25.00 22.77 20.84
12 2.75 27.50 22.34 20.64
13 3.00 30.00 21.06 19.22
14 3.25 32.50 18.58 16.74
15 3.50 35.00 17.27 15.28
16 3.75 37.50 15.58 13.80
17 4.00 40.00 14.55 13.08
18 4.25 42.50 14.33 12.48
19 4.50 45.00 15.40 13.18
20 4.75 47.50 16.20 14.17
21 5.00 50.00 16.06 13.87
22 5.25 52.50 17.40 14.98
23 5.50 55.00 17.13 14.67
24 5.75 57.50 16.97 14.61
25 6.00 60.00 17.01 14.88
26 6.25 62.50 15.88 13.96
27 6.50 65.00 15.90 14.15
28 6.75 67.50 16.03 14.36
29 7.00 70.00 15.19 13.44
30 7.25 72.50 14.39 12.34
31 7.50 75.00 13.86 11.78
32 7.75 77.50 13.30 11.30
33 8.00 80.00 13.00 10.71
34 8.25 82.50 13.87 11.05
35 8.50 85.00 15.04 12.35
36 8.75 87.50 16.09 13.43
37 9.00 90.00 16.08 13.52
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38 9.25 92.50 15.23 12.56
39 9.50 95.00 14.36 11.83
40 9.75 97.50 14.01 11.16
41| 10.00 | 100.00 14.95 11.67
42 | 10.25| 102.50 14.26 10.50
43 | 10.50 | 105.00 14.34 11.18
44 | 10.75| 107.50 14.97 11.94
D1
Sample # cm mm Mean (um) Median (um)
1] 0.00 0.00 8.043 5.120
2| 0.25 2.50 10.540 6.338
3] 0.50 5.00 13.440 9.368
41 0.75 7.50 10.300 8.369
5] 1.00 | 10.00 11.550 9.930
6| 1.25| 12.50 11.480 9.760
7] 150]| 15.00 12.320 10.470
8| 1.75| 17.50 11.970 10.070
9] 2.00 | 20.00 11.330 9.422
D2
Sample # cm mm Mean (um) Median (um)
1] 0.00 0.00 8.317 5.260
2] 0.25 2.50 10.91 7.480
3| 0.50 5.00 12.02 9.555
41 0.75 7.50 11.68 9.515
5] 1.00| 10.00 11.37 9.429
6| 1.25| 12.50 10.94 8.928
D3
Sample # cm mm Mean (um) Median (um)
1] 0.00 0.00 8.602 5.000
2| 0.25 2.50 11.400 7.511
3| 0.50 5.00 16.290 11.720
41 0.75 7.50 12.720 9.661
5] 1.00 | 10.00 12.780 10.280
6| 1.25| 1250 12.520 9.827
7] 150]| 15.00 12.390 9.574
D4
Sample # cm mm Mean (um) Median (um)
1] 0.00 0.00 7.905 5.063
2| 0.25 2.50 9.006 5.423
3] 0.50 5.00 9.577 5.989
41 0.75 7.50 9.989 6.404
5] 1.00| 10.00 10.06 6.584
6| 1.25| 12.50 10.64 7.073
7] 150| 15.00 16.12 11.56
8| 1.75| 17.50 15.84 11.52
9| 2.00 | 20.00 14.14 9.363
10 | 2.25 | 22.50 13.87 11.10
11| 2.50 | 25.00 12.46 10.24
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12 | 2.75 | 27.50 11.67 9.353
El
Sample # cm mm Mean (um) | Median (um)
1| 0.00 0.00 7.523 4.663
2] 0.25 2.50 9.818 6.075
3] 050 5.00 12.30 9.136
4| 0.75 7.50 14.44 12.43
5] 1.00 10.00 16.25 15.04
6| 1.25 12.50 16.37 15.18
7| 1.50 15.00 15.34 13.94
8| 1.75 17.50 14.56 13.02
9| 2.00 | 20.00 14.04 12.52
10 | 2.25| 22.50 13.78 12.25
11| 2.50 25.00 13.65 11.93
12 | 2.75 27.50 13.42 11.63
13 | 3.00 30.00 13.16 11.32
E2
Sample # cm mm Mean (um) | Median (um)
0.00 0.00 9.376 5.853
0.25 2.50 14.38 11.98
0.50 5.00 16.42 14.81
0.75 7.50 18.34 17.25
1.00 10.00 18.69 17.81
1.25| 12.50 18.78 18.00
150 | 15.00 18.69 17.66
1.75 17.50 17.85 16.62
2.00 20.00 16.99 15.59
2.25| 2250 16.63 14.96
2.50 25.00 15.84 14.01
2.75 27.50 15.12 13.34
3.00 | 30.00 14.18 12.12
3.25 32.50 13.74 11.52
3.50 35.00 13.60 11.02
3.75 37.50 13.34 11.00
F1
Sample # cm mm Mean (um) | Median (um)
1| 0.00 0.00 6.742 4.242
2] 0.25 2.50 9.942 7.206
3] 0.50 5.00 11.89 10.17
4| 0.75 7.50 11.97 10.46
5] 1.00 | 10.00 11.29 9.747
F2
Sample # cm mm Mean (um) | Median (um)
1| 0.00 0.00 6.72 4.309
2] 0.25 2.50 7.068 4.188
3] 0.50 5.00 8.416 5.039
4| 0.75 7.50 11.99 9.234
5] 1.00 10.00 12.84 11.37
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6| 1.25| 12.50 12.66 11.11
7] 150 15.00 11.82 10.04
F3
Sample # cm mm Mean (um) | Median (um)
1] 0.00 0.00 7.963 4.279
2] 0.25 2.50 8.652 4.72
3| 0.50 5.00 8.11 5.026
4| 0.75 7.50 9.613 5.927
5] 1.00 | 10.00 13.95 9.495
6| 1.25| 12.50 13.8 11.01
7| 150 | 15.00 13.28 11.53
8| 1.75| 17.50 12.47 10.44
9] 2.00 | 20.00 12.53 10.11
10| 2.25 | 22.50 12.79 11.11
Gl
Sample # cm mm Mean (um) | Median (um)
1] 0.00 0.0 5.911 3.369
2] 0.25 2.5 7.508 4.224
3] 0.50 5.0 9.143 6.164
G2
Sample # cm mm Mean (um) | Median (um)
1] 0.00 0.00 6.150 3.638
2| 0.25 2.50 6.599 3.718
3] 0.50 5.00 5.346 3.135
41 0.75 7.50 7.898 4.575
5| 1.00 | 10.00 11.690 7.531
6| 1.25| 12.50 10.820 7.240
7] 150]| 15.00 9.119 6.171
8| 1.75| 17.50 8.031 5.849
G3
Sample # cm mm Mean (um) | Median (um)
1] 0.00 0.00 6.022 3.586
2| 0.25 2.50 6.112 3.544
3] 0.50 5.00 6.206 3.609
4] 0.75 7.50 7.082 3.869
5] 1.00| 10.00 7.403 3.991
6| 1.25| 1250 9.451 5.491
7] 150]| 15.00 13.55 8.915
8| 1.75| 17.50 14.30 10.22
9| 2.00 | 20.00 11.80 8.894
10 | 2.25 | 22.50 10.76 7.219
11 | 2.50 | 25.00 9.037 5.895
G4
Sample # cm mm Mean (um) | Median (um)
1] 0.00 0.00 5.877 3.514
2| 0.25 2.50 5.832 3.485
3] 0.50 5.00 6.515 3.729
4] 0.75 7.50 7.890 4.233
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5] 1.00 | 10.00 8.555 4.731
6| 1.25| 1250 13.92 8.487
71 150]| 15.00 14.30 8.893
8| 1.75| 17.50 12.45 7.702
9| 2.00 | 20.00 10.57 6.432
10| 2.25 | 22.50 8.846 5.477
G5
Sample # cm mm Mean (um) | Median (um)
1] 0.00 0.0 5.494 3.526
2| 0.25 2.5 5.796 3.629
3| 0.50 5.0 5.690 3.230
41 0.75 7.5 6.477 3.576
5] 1.00 10.0 7.115 3.990
6| 1.25 12.5 6.670 3.705
71150 15.0 6.341 3.334
8| 1.75 17.5 6.854 3.770
9| 2.00 20.0 7.381 4.255
10 | 2.25 225 8.977 5.049
11 | 2.50 25.0 13.580 6.482
12 | 2.75 27.5 12.780 6.924
13 | 3.00 30.0 15.470 10.210
14 | 3.25 325 17.950 13.290
15 | 3.50 35.0 16.000 11.540
16 | 3.75 37.5 13.460 9.265
17 | 4.00 40.0 12.160 7.617
18 | 4.25 42.5 12.760 7.287
19 | 4.50 45.0 9.111 5.767
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APPENDIX C: COMPILATION OF GRAIN SizE WINTER 2004 — SUMMER 2008

To create a graph of the past four years of grain size data all of the values

needed to be put together into one document.

The 2007 — 2008 and the 2004 —

2005 raw datasets were available and thus entered into Microsoft Excel. No raw
data was available for the other two years so the graphs from Cobin, 2008 and
Roop, 2007 were scanned and imported into Sigma Scan. The data points were
then calibrated using the program and exported to a Microsoft Excel document.

All of these data are from Mooring C. All traps were sampled from the bottom.

The total accumulation assumes continuous grain size analysis, however there

are unconformities between all datasets.

Megan
2007 - 2008

Total

Mean

Accum _cm Trap cm Trap mm microns Sample #
60.7 8.25 82.5 14.77 34
60.4 8.00 80.0 14.30 33
60.2 7.75 77.5 14.49 32
59.9 7.50 75.0 14.71 31
59.7 7.25 72.5 14.85 30
59.4 7.00 70.0 14.75 29
59.2 6.75 67.5 15.99 28
58.9 6.50 65.0 16.68 27
58.7 6.25 62.5 17.21 26
58.4 6.00 60.0 17.32 25
58.2 5.75 57.5 17.80 24
57.9 5.50 55.0 17.29 23
57.7 5.25 52.5 18.18 22
57.4 5.00 50.0 19.64 21
57.2 4.75 47.5 22.78 20
56.9 4.50 45.0 24.93 19
56.7 4.25 42.5 26.93 18
56.4 4.00 40.0 26.82 17
56.2 3.75 37.5 25.42 16
55.9 3.50 35.0 21.58 15
55.7 3.25 325 13.10 14
55.4 3.00 30.0 14.05 13
55.2 2.75 27.5 16.93 12
54.9 2.50 25.0 16.62 11
54.7 2.25 225 13.62 10
54.4 2.00 20.0 11.03 9
54.2 1.75 17.5 10.21 8
53.9 1.50 15.0 9.52 7
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53.7 1.25 12.5 9.25 6
53.4 1.00 10.0 8.91 5
53.2 0.75 7.5 8.69 4
52.9 0.50 5.0 7.59 3
52.7 0.25 2.5 7.49 2
Megan 52.4 0.00 0.0 7.37 1
Patty 52.4 21.8 218 12.6 71
2006 - 2007 51.8 21.2 212 11.4 70
51.1 20.5 205 9.9 69
50.7 20.1 201 9.5 68
50.3 19.7 197 7.6 67
49.9 19.3 193 7.6 66
49.5 18.9 189 8.2 65
49.4 18.8 188 9.2 64
49.2 18.6 186 12.1 63
48.9 18.3 183 13.4 62
48.7 18.1 181 15.0 61
48.5 17.9 179 16.2 60
48.4 17.8 178 17.9 59
48.2 17.6 176 18.0 58
47.8 17.2 172 17.6 57
47.5 16.9 169 18.8 56
47.2 16.6 166 23.2 55
47.0 16.4 164 26.3 54
46.7 16.1 161 25.9 53
46.4 15.8 158 26.1 52
45.9 15.3 153 24.2 51
45.7 15.1 151 27.7 50
45.4 14.8 148 29.9 49
45.0 14.4 144 32.7 48
44.6 14.0 140 32.8 47
44.2 13.6 136 32.6 46
43.9 13.3 133 31.7 45
43.4 12.8 128 32.1 44
43.0 12.4 124 32.0 43
42.8 12.2 122 29.2 42
42.4 11.8 118 24.1 41
42.2 11.6 116 21.7 40
41.8 11.2 112 21.7 39
41.5 10.9 109 20.0 38
41.2 10.6 106 20.2 37
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41.1 10.5 105 21.6 36
40.8 10.2 102 20.5 35
40.5 9.9 99 19.4 34
39.9 9.3 93 20.6 33
39.8 9.2 92 21.6 32
39.4 8.8 88 22.7 31
39.1 8.5 85 22.9 30
38.8 8.2 82 22.1 29
38.6 8.0 80 19.2 28
38.0 7.4 74 17.9 27
37.8 7.2 72 19.1 26
37.5 6.9 69 20.3 25
37.3 6.7 67 22.6 24
37.0 6.4 64 24.2 23
36.6 6.0 60 24.3 22
36.2 5.6 56 24.4 21
36.0 5.4 54 24.5 20
35.7 5.1 51 23.9 19
35.3 4.7 47 24.0 18
34.9 43 43 22.5 17
34.5 3.9 39 19.4 16
34.1 3.5 35 17.3 15
33.8 3.2 32 16.4 14
33.5 2.9 29 14.4 13
33.4 2.8 28 11.9 12
33.1 2.5 25 8.9 11
32.8 2.2 22 8.5 10
32.7 2.1 21 6.7 9
32.5 1.9 19 5.6 8
32.2 1.6 16 5.8 7
32.0 1.4 14 6.2 6
31.7 1.1 11 6.3 5
31.4 0.8 8 6.1 4
31.2 0.6 6 5.7 3
31.0 0.4 4 5.5 2

Patty 30.8 0.20 2.0 5.14 1

Heidi 30.6 15.6 156 11.4 27

2005 - 2006 30.1 15.1 151 11.5 26
29.8 14.8 148 11.1 25
29.3 14.3 143 9.5 24
28.9 13.9 139 8.8 23
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28.8 13.8 138 8.9 22
27.9 12.9 129 9.3 21
27.8 12.8 128 9.3 20
26.9 11.9 119 10.4 19
26.8 11.8 118 12.5 18
25.9 10.9 109 12.9 17
25.8 10.8 108 13.5 16
25.3 10.3 103 13.0 15
24.9 9.9 99 18.0 14
24.4 9.4 94 36.4 13
23.1 8.1 81 35.1 12
22.0 7.0 70 38.4 11
21.2 6.2 62 34.0 10
20.2 5.2 52 37.8 9
19.7 4.7 47 15.4 8
19.2 4.2 42 15.3 7
18.1 3.1 31 8.4 6
17.1 2.1 21 6.9 5
16.3 13 13 5.9 4
15.8 0.8 8 5.9 3
15.4 0.4 4 5.9 2
Heidi 15.0 0.00 0.0 10.25 1
Brooks 15.0 15.0 150 9.7 31
2004 - 2005 14.5 14.5 145 14.0 30
14.0 14.0 140 14.7 29
13.5 13.5 135 12.5 28
13.0 13.0 130 10.2 27
12.5 12.5 125 12.8 26
12.0 12.0 120 16.5 25
11.5 11.5 115 12.7 24
11.0 11.0 110 11.4 23
10.5 10.5 105 13.2 22
10.0 10.0 100 17.8 21
9.5 9.5 95 18.4 20
9.0 9.0 90 17.4 19
8.5 8.5 85 12.2 18
8.0 8.0 80 14.6 17
7.5 7.5 75 16.4 16
7.0 7.0 70 16.7 15
6.5 6.5 65 214 14
6.0 6.0 60 22.9 13
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Brooks

5.5 5.5 55 22.6 12
5.0 5.0 50 15.8 11
4.5 4.5 45 8.9 10
4.0 4.0 40 8.1 9
3.5 3.5 35 7.9 8
3.0 3.0 30 7.8 7
2.5 2.5 25 8.0 6
2.0 2.0 20 8.1 5
1.5 1.5 15 8.0 4
1.0 1.0 10 8.1 3
0.5 0.5 5 8.2 2
0.0 0.0 0 11.7 1
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