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OVERVIEW

Finding a source of clean, efficient energy is ohthe most important issues of
our time. The global issues facing the world, idfesd in part by the United Nations and
listed on their annual agenda (17), all requireqadée energy to research and implement
solutions. It is clear that this energy cannot carg to come from fossil fuels alone.
Although debate continues over whether an oil slyartreally exists, fossil fuel use in
general has been widely implicated as a causeobigtlimate change (4, 5). For this
reason, alternative energy is rapidly becomingafrtbe largest and most important
research topics and industrial development opparésrin the world.

This thesis focuses on two promising alternativergy sources: biologically
produced hydrogen (biohydrogen) (Chapter 1) andvamet hydrates (Chapter 2).

Biohydrogen can be produced by the BBS strain @fptlrple sulfur bacterium
Thiocapsa roseopersicina, isolated from the North Sea (10).roseopersicina contains
hydrogenase enzymes that catalyze the intercomwveo$inydrogen gas @fand its
elementary particle constituents, two protons avaedlectrons (1). Hydogenase enzymes
may be sensitive to a number of denaturing factocduding heat (6, 18) and pH (18).
However, one of the major barriers to industriakls of H production and subsequent
practical use is the high sensitivity of hydrogentssoxygen. The hydrogenases from
roseopersicina are unique in that they have a high heat toleraareeresistant to
proteolysis and have unusual oxygen stability 79 research detailed in Chapter 1
focuses on the concentration of a membrane-assddigtdrogenase @t roseopersicina

for future use in industrial hydrogen productiomplagations.



Methane hydrate is a cage-like lattice of ice iaal which are trapped molecules
of methane, the chief constituent of natural gasTBe methane may be biological or
geological in origin. Under the correct temperatame pressure conditions, methane
present in marine sediments above methane satuiattbe pore water forms hydrates.
Methane hydrates can form in any environment wherglitions are suitable and enough
methane is present, but are mostly found underdpermafrost and in marine
sediments on continental margins. Sediment gramsas been proven to correlate to
methane hydrate presence (15). The research int&Hafocuses on finding proxies for
grain size in marine sediments.

Around the world, private companies and countrlg®aincluding the United
States through the Department of Energy (DOE)dak@ting resources to methane
hydrate research and exploration. According taafd, two major constraints to
production are: 1) the need to detect and quantdthane hydrate deposits prior to
drilling, and 2) the demonstration of methane pwtigdun from hydrate at commercial
volumes (3). Determination of successful grain gpimexies would allow for less
expensive and time-intensive location of methargrditgs using easily-measured
sediment properties. Finding reliable proxies fi@ig size that are more easily measured
would allow incorporation of borehole data into retsdof geological history and thus
lead to better predictive models of where hydratg tve present. It would also facilitate
research of marine sediment that uses sedimenégi®pas proxies for grain size to

interpret paleo-climate (11) and paleo-earthquakeléta.



CHAPTER 1: CONCENTRATION OF A THERMOTOLERANT
HYDROGENASE FOR PRODUCTION OF BIOHYDROGEN
Introduction

Hydrogen (H) is an ideal form of energy for several reasonglrblgen doesn’t
pollute the atmosphere or environment with typfoakil fuel byproducts because it isn’t
bound to carbon. In addition, hydrogen has a higdrgy to weight ratio, and can be used
with currently available technology like intern@ibustion engines and fuel cells. Using
hydrogen as an energy source would decrease dapende current hydrocarbon fuel
sources, a desirable goal as fossil fuel resergelsng and energy costs escalate.

Hydrogenase is an enzyme that metabolizes biolblgychogen. It can catalyze
both H generation (e.g. photobiological and fermentatared H oxidation (e.qg. in fuel
cells) (10). Most hydrogenases become inactivitely rapidly in the presence of
oxygen and heat. However, thehydrogenases fromutme sulfur phototrophic
bacteriumThiocapsa roseopersicina show surprisingly high stability against oxygeman
heat (6). These hydrogenases may be membrane-boena)rane-associated, or
cytosolic. The hydrogenasesTfroseopersicina show high resistance to a variety of
denaturing agents and show high stability to s@tagder various conditions (6). These
hydrogenases are also characterized by higbrétluction rates (8). One hydrogenase in
particular,hynS_, is remarkable because it remains active even i&aeoval from the
membrane, a promising characteristic for commetgrdrogen production, currently
limited by the time and resource demands of bagdlircaltivation.HynS_ has a dinuclear
catalytic center of nickel and iron (NiFe) (2) azah remain active at 80°C (176° F) for

up to 10 days (10).



The main barrier to industrial-levekbiroduction is the high sensitivity of
hydrogenase to OWith the relatively stable hydrogenaselof oseopersicina, such
industrial B production may lead to a viable and economicafsfble hydrogen energy
future. Studies on the purification proceduresyairbgenase are relatively limited (8).
The goal of this project was to concentrate aratadterize théynS_ hydrogenase
enzyme ofT. roseopersicina.

Materials and Methods
Growth of the organism

T. roseopersicina was grown in a 20-liter bioreactor using Pfennig’sdium in a
constant-temperature room under continuous ligBogaiE m~# s*. The culture was
purged with N and sealed after initial inoculation and feedinigge culture was fed with
61 mM Na acetate. After 3 weeks, the culture wasdsded by spinning at 17,700gx
and 4°C for 10 minutes. Harvested cells were fraze20°C for future use.

Membrane isolation

Frozen cells were resuspended in a 1:3 ratio wittieB A (50 mM Tris at pH 8.0
containing 4 mM sodium dithionite) (12). The calbpension was vortexed in three
cycles of 30 seconds at the “homogenize” settingjrutes resting to lyse cells (Mini-
Beadbeater, Biospec Products, Bartlesville, OK, YSAe suspension was centrifuged
at 2,000 >g for 30 seconds to pellet the beads. The cell sisspe solution was removed
and frozen at -20°C.

Cell debris was removed by centrifugation (28,00f) 4°C, 20 min). The cell
extract was further ultra-centrifuged (300,000, %°C, 1h) to prepare the cytoplasmic

fraction, which was frozen for further use (8).



Concentration of Hydrogenase

The frozen cytoplasmic fraction was thawed at 4A@ precipitated overnight at
60% ammonium sulfate saturation. The fraction wagrduged (10,000 rpm, 4°C, 15
min) to concentrate the separated proteins. Theeijprpellet was resuspended in Buffer
A, and the suspension was heat-treated at 60°25fanin, then ultra-centrifuged
(300,000 x g, 25°C, 1 h) to remove heat-labile @aret (8). After heat-treatment, proteins
were concentrated and purified using an AmicondJty 10 kDa ultracentrifuge-type
filter (Millipore, Billerica, MA, USA) (four spinsat 4,000 rpm, 7°C, 15 min).
Hydrogenase activity assay

The H, evolution activity of the hydrogenase was assdoyethe production of K
from methyl viologen reduced by sodium dithionltea 4 mL vial, 1 mL of enzyme
solution and 10QL of 25 mM methyl viologen were allowed to degasin
atmosphere. The reaction was catalyzed by addihghQ.of 230 mM sodium dithionite.
H, evolution was measured every 10 minutes from &Dtminutes using a gas
chromatograph (Agilent Technologies, Santa Clars, TSA). The evolution rate was
calculated according to the slope of the reacfldr protein concentration was
determined by the Lowry method using a proteinyak#gBio-Rad, Hercules, CA,
USA). Bovine serum albumin was used as the stan@yrd

Results

The optical density (OD) of the culture at 650 nefidoe harvesting was 0.248.
The culture grew for approximately three weeksetch this density. The total wet
weight of harvested cells was approximately 37l Mydrogen activity and protein

assay data at each step are shown in Fig. 1-1ghrbBig. 1-7 and Tables 1-1 through 1-5.



Hydrogen evolution after lysing
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FIG.. 1-1. Hydrogen evolution data for supernatartt cell pellet fractions after initial lysing
step.

Hydrogen evolution after ultracentrifugation
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FIG. 1-2. Hydrogen evolution data for supernatanat membrane pellet fractions after
ultracentrifugation step.



Hydrogen evolution after protein precipitation
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FIG. 1-3. Hydrogen evolution data for supernatamt protein pellet fractions after protein
precipitation step.

Hydrogen evolution after heat-treatment
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FIG. 1-4. Hydrogen evolution data for supernatamt protein pellet fractions after heat-treatment
step.



Hydrogen evolution after protein concentration
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FIG. 1-5. Hydrogen evolution data for supernatamt @oncentrated protein fractions after final
protein concentration step.

TABLE 1-1. Results of protein assays. The entiggesnatant fraction from the
ultracentrifugation step was used for the proteecipitation step, so nothing was available for
the protein assays that were performed after thi§igation process on the preserved fractions.

Step Fraction Protein (mg)  Total protein (mQ)
. Supernatant 1.636755
Lysing Cell pellet 1.244616 2L
Ult trifugati Supernatant
racentriiugation Membrane pellet 1.856604
. S Supernatant 0.263819
Protein precipitation Protein pellet 1.098349 1.362168
Supernatant 0.48636
Heat treatment Protein pellet 18575 0.672111
Concentration Supernatant 0.0001 0.5791

Concentrated proteins 0.579
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FIG. 1-6. Accumulated hydrogen evolution activita for each step in the purification process.
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FIG. 1-7. Total protein amounts (both fractiong)dach step in the concentration process.

The lysing fraction had the greatest hydrogen-auglactivity (Fig. 1-1) and
protein content (Table 1-1) of all the concentnatsbeps, because at this point all
hydrogenases were active and no proteins had leesoved. The supernatant at this step

had higher hydrogen-evolving activity than did tedl pellet, partly because the soluble



11

nature of the hydrogenase caused it to remaingmrcytosolic fraction (Table 1-1). The
logarithmic appearance of both supernatant andpedét hydrogen evolution curves
may be due to enzymatic inhibition as a resultighltoncentrations of the reaction
product (H). After this step, the pellet of cell debris waszen and the supernatant was
used for the remaining steps since the target lygirase was cytoplasmic, not
membrane-bound.

Hydrogen evolution after concentration by ultracéungation was not as high for
either fraction as in the previous step (Fig. 1-2).

After precipitating out proteins by ammonium sufétactionation, the amount of
hydrogen evolved decreased dramatically from tleegipus step (Fig. 1-3). As shown in
Table 1-1, the protein pellet contained almost fowes as much protein as did the
supernatant, but both fractions had similar hydnogeolution values, indicating that the
supernatant contains the most active hydrogenakbeugh not necessarily the target
hydrogenase.

Heat-treatment was performed using the precipitpteteins from the previous
step. About half of the protein was lost betweantibat-treatment step and the
precipitation step (Table 1-1). Approximately 86%lee protein was retained between
the concentration step and the heat-treatment step.

Fig. 1-7 shows the total amount of protein in biofictions (supernatant and
pellet) for each step, determined using Lowry Séaddissay procedures. The volume-
corrected amount of protein in the first (lysintgswas 319 mg, which decreased to 0.58

mg in the final step.
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Discussion

Approximately one tenth of the total hydrogen-ewadvactivity was retained
throughout the concentration process; beginningiactvas 2536 pmol BHland ending
activity was 222 umol KH(Fig. 1-6). Hydrogenase activity was very well served in the
last three concentration steps (Fig. 1-6), withdhaany loss of activity, despite
decreasing protein content (Fig. 1-7). About oftla Bf the total non-membrane bound
activity was retained after removal of the membriaetion by ultracentrifugation.

T. roseopersicina has many hydrogenases, but about one third dgétiget (non-
membrane bound) proteins were retained in the ecdrat®n process. The goal of this
project was to isolate and concentrate an excegdtiostable hydrogenase from
roseopersicina. The high hydrogen-evolution activity after heatatraent, which was
conserved in the final steps despite loss of pnatethe sample (Fig. 1-6 and Fig. 1-7),
indicates successful concentration of a fairly ghermotolerant hydrogenase®f
roseopersicina. Heat-treatment should have removed the activitalofe hydrogenases.
However, the conservation of activity after thethe@atment step (Fig. 1-6) indicated
that the precipitation step was successful at remgoe labile hydrogenases. This is
supported by the large drop in activity after thegpitation step (Fig. 1-6).

Future work could include running an SDS-PAGE gighwthe concentrated

proteins to confirm that the sample contains ohg/target hydrogenase proteins.
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CHAPTER 2: METHANE HYDRATES AND GRAIN SIZE PROXIES

Introduction

Gas hydrate is an icelike compound that contairthame and other low-
molecular weight gases in a lattice of water mdie(14). Gas hydrates in seafloor
sediments typically occur within a gas occupanayezapproximately 50 to 130 meters
below sea floor (mbsf), with the maximum depth aita strongly dependent on water
depth and geothermal gradient (16). In some plagkeste methane-rich fluids are
advected to the seafloor, massive hydrate depoamit$orm at the seafloor.

The main significance of hydrate is as a poteminrgy source and hydrocarbon
sink influencing climate change. Expedition 311 B%1) of the International Ocean
Drilling Program (IODP) was designed to study tlkeeworence of gas hydrates in a
subduction zone accretionary complex and the psesethat lead to gas hydrate
formation. The expedition took place in SeptembeteBer of 2005 in the northeastern
Pacific Ocean near Vancouver Island, Canada. Veseas a follow-up to earlier drilling
cruises in 1992 and 2002 to study gas hydratdseimt¢cretionary complex of the
Cascadia subduction zone offshore of Oregon and¢Marer Island.

Observations made during Exp311 indicated thabhgdsate occurrence is
closely related to the presence of coarse-graiadoinents like sands. The ultimate goal
of this project was to quantify this observationrgasuring the grain size distribution,
comparing grain size to the gas hydrate contetit@tediment obtained by other means.
Another goal was to measure the correlation ofngsae with other, more easily

measured, sediment properties.
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The initial preparation of samples was conductetd@srd Exp311 as part of the
procedure to determine the density and porosith@samples. The shipboard analysis,
which was done by Dr. Trehu and colleagues in thysiéal Properties group, entailed
picking samples every 50-100 cm along the hundoédseters of sediment core that
were recovered. Cores were drilled in a transectgathe accretionary prism at Sites
1325, 1326, 1327, 1328 and 1329. The Moisture agmsDy group (MAD) samples were
weighed before and after being dried and the votuwere measured. Analysis was
performed with the residue from these samples. aratet of samples was also taken
with adjacent MAD samples and was not dried on dhtfae ship. Due to labeling codes,
these unbaked samples were labeled “ATSED.” Thpqa# of comparing ATSED and
adjacent MAD samples was to determine what (if affgcts drying had on the samples.
In the case of significant differences betweenpheent of sand or clay in an ATSED
and its adjacent MAD sample, photos of the coreseskas references to determine
whether the heterogeneity was real or a resuh@fitying process.

The main objective of this project was to evalwditierent sediment parameters
as proxies for grain size; such proxies would emglpdin size in sediments to be
estimated for past cruises and future work usirsijyegathered parameters. The
parameters used were: porosity, a measure of tldespaces in sediment; bulk density,
the mass of sediment per unit volume; grain dengigydry weight of sediment material
divided by the grain volume; and magnetic suscéjtyipthe degree to which material
can be magnetized in an external magnetic fielés&rand other proxies have been used
to predict sediment grain size in other studies.éx@ample, acoustic compressional wave

velocity (acoustic velocity) has been used as dipt@r of physical and elastic properties
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of soils, sediments and rocks since the 1950s {aje recently, this method was used
to predict grain size in glacio-marine sediments).(Unfortunately, the acoustic velocity
could not be easily measured in the gaseous setiirfrem Exp311. Properties such as
density and magnetic susceptibility have also hessa as grain size proxies to indicate
the presence of paleo-earthquake activity, withlteshowing good correspondence
between these properties and grain size (7).

Validation of analysis methods was performed by ganmg grain size
measurement techniques to determine the most aesusthod. Dried sediment samples
were analyzed by dry-sieving, wet-sieving, or usaangoulter LS 100Q Laser Diffraction
Particle Size Analyzer (LDPSA). Included withinghialidation objective was analysis to
determine the effect of drying on the samples. droeve this, grain size was analyzed
and compared between ATSED and adjacent MAD samples

One important application for this grain size asays to determine the
relationship between grain size and gas hydrateeobwithin core samples. Grain size
analysis was performed using the LDPSA, and gasabg@nalysis was performed by the
Interstitial Waters (IW) group of Exp 311. (See &pgix for full report, including
methods, results and conclusions.)

Materials and Methods
Validation of analysis methods

All analyzed samples were characterized as eitieylé (“crumble easily”),
which had already dissociated or crumbled easithéatouch; firm (“fall apart”), which
fell apart with moderate finger pressure or hadi@idy dissociated; and solid

(“unanalyzed”), which did not fall apart with angnaunt of pressure unless chipped



16

apart. Samples that crumbled easily were gendialiyd to have a higher sand content
than those that were firm or solid. A few solid gd@s were analyzed via wet-sieving and
the sand content was 0%. For this reason, all saldples were assumed to have a
negligible amount of sand and were not wet-sieved.

In order to determine the percentage volume of »ifi§coarse sand), 63-125
um (fine sand), and <63m (silt and clay) fractions in a given sample, éhneethods
were used: dry-sieving, wet-sieving, and analysth Wihe LDPSA. MAD samples were
identified using a number system, while ATSED saaplere labeled using a letter
system.

For dry-sieving, a 12pm sieve (USA Standard Series No. 120) was placed on
top of a 63um sieve (No. 230) and both were placed on top4fiGamL beaker. The
sample was poured in the No. 120 sieve and dis&ibevenly through the sieves by
rotating and gently shaking the stacked sieveshaa#ter. For MAD samples #4-7, a
rubber policeman spatula was used to brush gréong ghe mesh to ensure all
appropriate particles were sieved. Only MAD samples were partially dry-sieved.

For wet-sieving, liquid was added to each sampleetanalyzed and the samples
were left to soak overnight or for at least onerhéu the beginning of wet-sieving
analysis, 50 mL of deionized (DI) water was usethadiquid, but later a chemical
dispersant solution was used (58.4 mM (N@e Q4.9 mM NaCOs in DI H;O; J.H.
Power, US EPA).

After soaking, the beakers were placed in an wdtrsshaker for 60 minutes.
Using a wash bottle filled with DI water, each sdéenpas individually washed through

No. 120 and No. 230 sieves. The 468 (fine) fraction was collected and set aside. The
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remaining two fractions were each separately dcagfevater using a vacuum pump and
filter paper. These were then transferred to apmatgly labeled foil weighing dishes
which were placed in a convection oven set to 6@t least 24 hours. After drying,
the samples were transferred to a dessicator tio The mass of each fraction was
recorded. Over 600 samples were analyzed by weingie

A subset of the sediment samples was analyzedtinethDPSA. This was used
to verify the accuracy and analyze particle sizénenpreviously sieved samples MAD
samples #1-15, as well as MAD samples #16-65 an8EAY samples #M-O, which had
not previously been sieved. Procedure for thisymmalkcan be found in: EPA
SOPPMP.04 (Power, J. H. 2003. Measurement of sedignain size distribution using a
laser diffraction particle size analyzer. EPA SORFROA, unpublished report). Access
limitations precluded the use of the LDPSA to amalgll MAD samples, so it was used
mainly to verify the accuracy of sieving.

MAD samples #1-7 were divided into two parts. Oaé wvas dry-sieved and the
other wet-sieved in order to determine the prenisiodry- versus wet-sieving. For MAD
samples #8-15, approximately half of the origireahple was removed for wet-sieving,
and the rest of the sample was preserved for fatnadysis. This procedure was also
followed for ATSED and adjacent MAD samples #A-LT3ED samples #M-O did not
have adjacent MAD samples and were only analyzetdise LDPSA.

Calibration of Laser Diffraction Particle Sze Analyzer

Three samples of glass beads were created, usaus lo¢ size 37-53 pm, 105-

149 pm, and 297-420 um, to calibrate the data pediby the LDPSA. The mass

percent of each size range in each of the threpleans shown in Table 2-1.
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TABLE 2-1. Percentage of each glass bead sizedraat glass samples.

37-53um  105-149 ym  297-420 pm

Glass 1 33% 34% 33%
Glass 2 13% 36% 51%
Glass 3 57% 28% 15%

Each glass bead sample was run in the machine th@rgame method as other
sediment samples. Fig. 2-1 - Fig. 2-3 show theltesfithese analyses. The large
variability between individual runs (displayed aedtent colored lines in each readout,
with the black line as the average of all runs)aate slightly less precision in samples
with larger percentages of sand-sized particle8 (»). It appears to be largely the
percent of sand-sized particles in a sample, asxlthee actual size of the particles
themselves, that accounts for a decrease in ppadigtween runs. In only a few cases,
greater variability in analyses was due to a hilgbcaration (>12%) within the machine,

which impedes the ability of the machine to analyamples accurately.

Glass Bead Sample #1

21.1 ~

(e}

0 200 400 600 800 1000

Particle size (microns)

FIG. 2-1. Analysis of glass bead sample #1 (Glas$He composition of this sample was: 33%
37-53 um, 34% 105-149 um, and 33% 297-420 um. Tiigple colored lines represent the
results from each of the six “runs” the LDPSA cocidufor each individual sample. The thick
black line represents the average of all runs.
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Glass Bead Sample #2
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FIG. 2-2. Analysis of glass bead sample #2 (Glas$t composition of this sample was: 13%
37-53 pm, 36% 105-149 pm, and 57% 297-420 um. Tiigple colored lines represent the
results from each of the six “runs” the LDPSA coaidifor each individual sample. The thick

black line represents the average of all runs.

Glass Bead Sample #3

211

15.8

10.5

5.3

% Volume

0 100 200 300 400 500 600 700 800 900 1000
Particle size (microns)

0.0

FIG. 2-3. Analysis of glass bead sample #3 (Glagha composition of this sample was: 57%
37-53 um, 28% 105-149 um, and 15% 297-420 um. Tiigple colored lines represent the
results from each of the six “runs” the LDPSA cocidufor each individual sample. The thick

black line represents the average of all runs.
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TABLE 2-2. Percentage total of each size rangeiwiglass bead samples. The first row for each
sample represents the total calculated by the LDAH®A second row represents the total when
the size range was manually expanded to includagyflom 34.584-55.13pm, 96.491-153.283
um, and 295.524-429.168n. The third row represents the actual total winensamples were
created.

297-420 ym  105-149 pm  37-53 pym

Sample Name fraction fraction fraction Total
Glass 3 LDPSA: 24.220 26.127 28.045 78.393
Expanded: 29.991 31.250 32.957 94.198
should be: 33.000 34.000 33.000 100.000
Glass 2 LDPSA: 38.678 26.853 9.253 74.783
Expanded: 50.933 32.016 11.066 94.014
should be: 51.000 36.000 13.000 100.000
Glass 1 LDPSA: 9.198 22.468 49.614 81.280
Expanded: 10.900 26.921 57.454 95.275
should be: 15.000 28.000 57.000 100.000

Glass Bead Calibration

16.000 —+—Glass 1
—=—Glass 2
Glass 3
2 12.000 4 ——— Large Upper Bracket

>
§ 10.000 - —— Large Lower Bracket
% 8.000 - —— Medium Upper Bracket
g 6.000 4 —— Medium Lower Bracket
—— Small Upper Bracket

4.000 1 \'\ —— Small Lower Bracket
2.000

\!, , N\ /
0.000 & [ Ry rt” [ SN 1

0 50 100 150 200 250 300 350 400 450 500 550 600

Center Size (microns)

FIG. 2-4. Comparison of all glass bead samplesrdougpto size range. The largest spread occurs
in Glass 2 (which had the highest percentage geélparticle sizes) around the 297-420 size
range.

Comparison of the three glass bead graphs (Fig- 2-3) is shown in Fig. 2-4,
which also shows the size ranges the distributstiasild fit within. The peaks are
discrete and correspond well to the labeled singas of glass beads. There is far less
spread in the small (37-538n) size range than in the medium (105-149) and large
(297-420um) size ranges. The largest amount of spread oat@ass 2, which had the
highest amount of large patrticles, in the 297-g@0range. This suggests higher

uncertainty for samples with larger grain sizegead that can be seen in the graphs
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resulting from analysis of IW 13a and IW 13b espalgi(which each contained particles
larger than 850 um), although there are other sasrthat show this quality as well. The
smooth, precise nature of the percentage volumeesigenerated during the glass bead
calibration probably indicates a certain amouritsaioothing” by the LDPSA of the data
gathered.
Grain size proxy analysis

The other sediment parameters used in grain s@e/@nalysis were measured
on shipboard as part of the standard IODP anatggisence. Grain size analysis was
performed for samples from all drilling sites usimngt-sieving, with additional LDPSA
analysis for MAD samples #1-15 and ATSED and MADhpkes #A-0. All samples
were disaggregated using dispersant solution \werekception of MAD samples #51,
59-65, which were soaked in DI water.

Results

Validation of analysis methods

Fig. 2-5 details results from the comparison betway-sieving and wet-sieving
for MAD samples #1-7. The data illustrate the h@sards larger grain sizes of the dry-

sieving technique. Dry-sieving was abandoned orb#sts of these results.
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Comparison of methods: wet-sieving vs.

dry-sieving

100
= [ &
© L
° 80 +
= F # <63 microns
R g & * .
&2 : m63-125
3 0 1 ¢, - microns
P F o B [ ] i
& 20 & >125 microns
= ; [ |

0 Hhp

Dry-sieving (% Total)

FIG. 2-5. Comparison of wet-sieving vs. dry-sievingthods.The diagonal indicates where
points should lie if dry-sieving and wet-sievingatis were equivalent. Points below the line
indicate bias in the dry-sieving method, while psiabove it indicate a bias in the wet-sieving
method.

LDPSA analysis was performed to test the accur&eyet-sieving. A total of 154
IW, MAD, and ATSED samples were analyzed by LDPSAthese, 39 had been wet-
sieved prior to LDPSA analysis. Overall, in theMBD samples that were both wet-
sieved and analyzed by the LDPA, wet-sieving resliih similar percent volumes

(within 20%) of various grain sizes to those in H¥PSA analysis (Figure 2-6).
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Comparison of methods: LDPSA vs. wet-sieving
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FIG. 2-6. Comparison of LDPSA analysis vs. wet-gigvThese data show a segregation of silt
and clay (<63im) particles and fine sand (63-1g8) particles.

The data for the comparison of ATSED and adjaceADMamples also show a
comparison between LDPSA and wet-sieving analyBablé 2-3). As in the comparison
between dry- and wet-sieving, the differences betweDPSA and wet-sieving were
within 20% of the total for each grain size fraatid\side from a few anomalies, such as
ATSED and MAD A and C, the difference in grain sieactions was usually within 6%
for the LDPSA and 10% for wet-sieving. The reasamndiscrepancies within anomalous

ATSED and MAD samples A and C can be seen in Fil 2nd 2-12.
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TABLE 2-3. Percent grain size fraction for ATSEDdaadjacent MAD samples for LDPA and
wet-sieving analyses.

LDPSA (% total) Wet-sieving (% total)

>125um  63-125um <63 um >125um  63-125um <63 um
ATSED A 14.037 36.895 49.068 9 22 69
MAD A 1.098 5.989 92.913 2 12 86
ATSED B 0.075 0.421 99.504 0 0 100
MAD B 0.002 0.214 99.783 0 0 100
ATSED C 0.834 2.628 96.538 0 1 99
MAD C 1.256 4.175 94.569 0 8 92
ATSED D 0.129 0.994 98.877 0 0 100
MAD D 0.002 0.109 99.889 0 0 100
ATSED E 0.010 0.278 99.713 0 0 100
MAD E 0.051 0.555 99.393 0 0 100
ATSED F 1.246 3.420 95.334 0 1 100
MAD F 0.386 1.325 98.290 0 1 100
ATSED G 5.803 24.819 69.378 1 19 80
MAD G 3.241 21.383 75.376 1 30 69
ATSED H 2.141 11.081 86.777 1 10 89
MAD H 2.012 19.011 78.977 0 27 73
ATSED i 0.079 0.529 99.392 0 0 100
MAD i 0.131 1.044 98.825 0 0 100
ATSED J 1.548 5.149 93.303 0 1 99
MAD J 0.807 8.245 90.948 0 6 94
ATSED K 0.476 2.366 97.159 0 1 99
MAD K 2.258 12.843 84.899 0 9 91
ATSED L 0.017 0.212 99.771 0 0 100
MAD L 0.043 0.298 99.659 0 1 99
ATSED M 2.983 17.188 79.829
ATSED N 0.084 0.814 99.102
ATSED O 0.183 0.758 99.059

Grain size proxy analysis

Several sediment parameters were tested for coomehaith grain size. Porosity
showed almost no correlation to grain size as nredsn sand content (Fig. 2-7). It has
been established for marine sediments that as giz@decreases, porosity increases
(11). This trend can be seen more clearly for semhlat fall apart easily, which
generally had a smaller percentage of sand >12%hamthe samples that crumbled

easily (Fig. 2-7).



2-7a. Porosity vs. Total % Sand for Samples that
Crumble Easily
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2-7b. Porosity vs. Total % Sand for Samples that
Fall Apart
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FIG. 2-7. Porosity vs. total % sand per sample lggddor all five coring sites.
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TABLE 2-4. Statistics for Fig. 2-7a. Thecolumn represents the number of samples that deumb
easily that were analyzed for a particular site.

Porosity vs Total % Sand for Samples that Crumble

Easily
Site Slope Intercept R? n
1325 -0.0849 46.883 0.1017 23
1326 -0.0353 44,198 0.0175 36
1327 -0.2228 48.999 0.2509 9
1328 -0.1366 51.737 0.3365 28
1329 -0.1469 57.043 0.7881 5
All Sites -0.0517 47.222 0.084 101

TABLE 2-5. Statistics for Fig. 2-7b. Thecolumn represents the number of samples that fall
apart that were analyzed for a particular site.

Porosity vs Total % Sand for Samples that Fall

Apart
Site Slope Intercept R? n
1325 -0.1217 49.939 0.0183 117
1326 0.028 48.722 0.0016 52
1327 -0.2932 49.36 0.0549 110
1328 -0.1441 55.287 0.0089 80
1329 -0.5368 58.507 0.2547 107
All Sites -0.2072 52.589 0.0328 466

Magnetic susceptibility proved slightly more usethén porosity as a proxy for
grain size, but mostly for samples with a high sematent (Fig. 2-8 and Table 2-6).
Overall, there was very little correlation betwemagnetic susceptibility and sand

content (Tables 2-6 and 2-7).
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TABLE 2-6. Statistics for Fig. 2-8a. Thecolumn represents the number of samples that deumb
easily that were analyzed for a particular site.

Magnetic Susceptibility vs Total % Sand for
Samples that Crumble Easily

Site Slope Intercept R? n
1325 2.9821 358.65 0.1141 23
1326 -3.2074 589.28 0.0486 36
1327 -0.9137 76.134 0.0125 9
1328 4.7398 133.68 0.2176 31
1329 0.2803 22 0.8776 5
All Sites 3.6039 238.27 0.1041 104

TABLE 2-7. Statistics for Fig. 2-8b. Threcolumn represents the number of samples that fall
apart that were analyzed for a particular site.

Magnetic Susceptibility vs Total % Sand for
Samples that Fall Apart

Site Slope Intercept R? n
1325 4.0538 223.04 0.0274 117
1326 0.3492 279.54 0.0004 51
1327 5.9847 50.591 0.0541 110
1328 -3.7905 94901 0.0223 81
1329 -0.7815 39.574 0.0041 107
All Sites 4.881 117.5 0.0336 466

Neither bulk density nor grain density showed argnpsing correlation with grain size.
Figures 2-9 and 2-10 show graphs of grain densitytaulk density from all sites, and

Tables 2-8 through 2-11 show relevant statistics.
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2-9a. Bulk Density vs. Total % Sand for Samples
that Crumble Easily
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FIG. 2-9. Graphs of bulk density vs. total % saadgample for all coring sites.

TABLE 2-8. Statistics for Fig. 2-9a. Thecolumn represents all the samples that crumblsitiyea
that were analyzed for a particular site.

Bulk Density vs Total % Sand for Samples that
Crumble Easily

Site Slope Intercept R? n
1325 0.0013 1.9454 0.0804 23
1326 0.002 1.9676 0.0804 36
1327 0.0036 1.9045 0.2113 9
1328 0.0023 1.8608 0.3172 28
1329 0.008 1.695 0.8084 5
All Sites 0.0031 1.8909 0.2911 101
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TABLE 2-9. Statistics for Fig. 2-9b. Threcolumn represents all the samples that fall apatt

were analyzed for a particular site.

Bulk Density vs Total % Sand for Samples that Fall

Apart
Site Slope Intercept R? n
1325 0.0022 1.889 0.0189 113
1326 -0.001 1.921 0.0061 50
1327 0.0064 1.8857 0.1103 110
1328 0.0013 1.802 0.0024 80
1329 0.0094 1.7306 0.239 107
All Sites 0.0038 1.8383 0.0377 460

2-10a. Grain Density vs. Total % Sand for
Samples that Crumble Easily
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FIG. 2-10. Graphs of grain density vs. total % spedsample for all coring sites.
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TABLE 2-10. Statistics for Fig. 2-10a. Tinecolumn represents the number of samples that

crumble easily that were analyzed for a particsie.

Grain Density vs Total % Sand for Samples that
Crumble Easily

Site Slope Intercept R? n
1325 -0.00002 2.7574 0.0454 23
1326 0.0023 2.7252 0.0248 36
1327 -0.0006 2.7508 0.0108 9
1328 -0.0001 2.7578 0.0134 28
1329 0.0108 2.5993 0.5296 5
All Sites 0.002 2.7275 0.0604 101

TABLE 2-11. Statistics for Fig. 2-10b. Timecolumn represents the number of samples that fall

apart that were analyzed for a particular site.

Grain Density vs Total % Sand for Samples that Fall

Apart
Site Slope Intercept R? n
1325 -0.0005 2.7637 0.0136 113
1326 -0.0011 2.7723 0.0224 50
1327 0.0022 2.7294 0.0033 110
1328 -0.0028 2.7654 0.0851 80
1329 0.0007 2.7259 0.003 107
All Sites 0.0002 2.7461 0.0002 460
Discussion

Validation of analysis methods

Dry-sieving was conducted as a test of sieving oathBecause it is faster, dry-
sieving would have been more convenient for pranggbe hundreds of sediment
samples recovered from the cruise. The compariédryesieving versus wet-sieving
shows marked differences between the two setssaftsg(Fig. 2-5). The clear
segregation between sand sized (r68 fractions below the line and smaller (488)
fractions above the line suggest that there isa ioi the dry-sieving method towards
larger grain sizes (Fig. 2-5). After completinggbesamples, it was determined that dry-

sieving was less accurate, possibly because eltatioforces between smaller grains led
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to a consistent bias towards larger grain sizes dayrsieving was discontinued in favor
of wet-sieving the remaining samples.

LDPSA analysis usually shows larger amounts aof siltd clays, while wet-
sieving usually gives a higher percentage of femads (Fig. 2-6). There may be several
reasons for discrepancies between the wet-sievidd-BPSA analyses (Fig. 2-6). First,
the LDPSA may be more accurate than is wet-sieviihg.use of a chemical dispersant
in the LDPSA procedure may also have an advantegetbe DI water used in the wet-
sieving procedure, although to counter this effeéne,dispersant solution was used in
later wet-sieving samples.

The two procedures may also have different bidBesause of human error and
the incomplete disaggregation of sediments, wefitsgeis more likely to have been
biased towards larger grain sizes. Conversely,usecaf properties of the agitator used
to stir sediment samples, the LDPSA may have besed towards smaller grain sizes in
samples with larger percentages of sand. The agigessentially a propeller that
extends almost to the bottom of a beaker contaiR@gwvater and about 1.5 g of the
sample to be analyzed. In samples with higher santent or larger (coarse sand-sized)
grains, smaller grains were suspended by the mofitime agitator propeller while some
of the largest grains fell out of suspension artected under the spinning propeller
where they could not be pipetted for analysis a\ltBDPSA. At the very least, there was
generally less precision in the results obtaineghirmnalysis when patrticle sizes approach
~300um. This was evident in an analysis of glass beatpkss by the machine. For this
reason, it is recommended that samples for the LLORSt be sieved to remove the grain

size fraction larger than 300 um. Other biases beagiue to characteristics of the
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LDPSA software, specifically the assumption thapatticles are spherical and the
smoothing function apparent during the glass bedtration.

Ultimately, the most accurate method of grain sizalysis was the LDPSA. Wet-
sieving was determined to be a comparable and omreenient technique and was used
for the bulk of grain size analysis for all corisiges.

Overall, ATSED results were determined to be homaols to adjacent MAD
samples in percent of grain size fractions (TabB®.2Z'here was a marked difference
between the percentage total sand fraction (63ph26in ATSED and adjacent MAD
samples #A and #C (Table 2-3). This difference apgeto be explained by real
heterogeneity in the samples (Fig. 2-11 and 2-A2HED #A appeared to be located in a
part of the core with much larger sand fractiomtMAD #A (Fig. 2-11). The same
appeared to be true for ATSED and adjacent MAD dam@ (Fig. 2-12). The adjacent
MAD sample displayed a larger sand fraction bec#usas taken from a part of the core
with more sand than the ATSED sample. These redalt®onstrated that drying samples

makes very little difference in the analysis of gées.

FIG. 2-11. Core photograph of ATSED and adjacentMsample #A. The pebble located
between the two samples is likely from glacial dgpo
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FIG. 2-12. Core photograph of ATSED and adjacentMsample #C.
Grain size proxy analysis

Overall, none of the sediment parameters showaeniffis@nt correlation to grain
size that would enable them to be used as effeptimeies. Porosity showed no distinct
correlation at all with grain size. Magnetic suddafity showed a very weak correlation
with grain size, but mostly for samples that hddgh sand content. Both bulk density
and grain density showed almost no correlation Withamount of sand per sample.
These results have important implications for regeavolving marine sediments.
Because of the poor correlation these propertidsahith grain size, research should

continue for other, more effective proxies.
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